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Abstract The objective of this study was to estimate the prev-
alence of metabolic syndrome and its individual components
in South Asia region. A search was conducted on PubMed,
Scopus and OvidSP (MedLine and EMBASE) using the term
‘metabolic syndrome’, ‘prevalence’ and the name of each
South Asian country for studies published on or after the year
2000. Reference lists and citation references of the included
papers were also checked. Eligibility criteria were mainly
population-based studies on both gender and healthy partici-
pants aged ≥18 years. Four definitions of metabolic syndrome
were considered: theWorld Health Organisation (1999), Third
Adult Treatment Panel (2001) and its modified version (2005)
and International Diabetes Federation (2005). A total of 558
papers were retrieved from all sources, of which 16 relevant
studies were identified comprising 14,515 males (44.1 %) and
18,390 females (55.9 %). The weighted mean prevalence of
metabolic syndrome was 14.0 % (WHO), 26.1 % (ATPIII),
29.8 % (IDF) and 32.5 % (modified ATPIII). Low levels of
HDL cholesterol and hypertension were prevalent in half of
the study population. Overall, females had a higher prevalence
of MS under all definitions except WHO. Females were more
likely to have low levels of HDL cholesterol (68.8 vs 37.9 %)
and central obesity (47.9 vs 37.9 %), whereas males were

comparatively more hypertensive (42.3 vs 38.1 %). Despite
the high rates of metabolic risk factors, research is extremely
sparse in South Asia preventing knowledge of actual burden.
Along with the increased access to clinical intervention, pre-
vention strategies should be intensified with special attention
to females.

Keywords Metabolic syndrome . Prevalence .

Cardiovascular disease . South Asia

Introduction

Metabolic syndrome (MS) refers to the constellation of risk
factors related to cardiovascular disease (CVD) and diabetes.
MS represents the clustering of mainly hyperglycaemia, hy-
pertension, dyslipidemia and central obesity. These metabolic
factors are co-occurring, inter-related and commonly share
underlying causes, features and mechanisms [1]. Patients with
MS are at two-fold risk of developing CVD over a period of 5
to 10 years and at five-fold risk of having type 2 diabetes
compared to individuals withoutMS [2]. Themajor advantage
of MS is not to function as a risk assessment tool, but rather to
identify patients with a shared pathophysiology who are at
high risk of developing CVD and diabetes [3]. MS also helps
to induce and intensify lifestyle changes in clinical practice
[4].

The prevalence of MS is high worldwide—35 % in the
USA [5], 24.9 % in Latin America [6] and in the range be-
tween 20.7 and 37.2 % in the Gulf countries [7] under the
Adult Treatment Panel (ATP III) criteria. South Asia is home
to nearly one fourth of the world population and has the
highest absolute burden of CVD in the world [8]. Also,
CVD mortality rates in this region are higher than those in
Western and East Asian countries [9]. The Global INTE
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RHEART study reported that CVD prevails at a younger age
in South Asians than in any other population [10].

The burden of CVD and its risk factors are escalating
alarmingly in South Asia. For example, the global burden of
disease has projected that India alone will have the highest
number of individuals with CVD than in any other region by
the year 2020 [11]. Likewise, the prevalence of MS compo-
nents such as obesity, hypertension, dyslipidemia, along with
lifestyle factors such as smoking is increasingly high in this
region [9].

With this backdrop, the aims of this systematic review are
to identify robust epidemiological evidence of MS in the
South Asia region and to estimate the prevalence of MS and
its individual components.

Methods

Inclusion and exclusion criteria

The main inclusion criterion was English language full text
articles published on or after the year 2000 to July 2013. Like-
wise, only population-based studies on apparently healthy sub-
jects aged ≥18 years, consisting both genders and sample size
of more than 500, were included. Studies on patients, targeted
to particular occupational groups, conducted in hospital set-
tings and among South Asian immigrants were excluded.

Search and selection methods

The search yielded a total number of 558 papers: 369 from
PubMed, 133 from Scopus, 49 from OvidSP (MedLine/
EMBASE) and 7 from reference search. A search was con-
ducted in three major biomedical databases: PubMed, OvidSP
(MedLine and EMBASE) and Scopus. The search terms
‘prevalence’ and ‘metabolic syndrome’ were combined with
the name of each South Asian country: Afghanistan, Bangla-
desh, Bhutan, India, Maldives, Nepal, Pakistan and Sri Lanka.
Studies were searched by titles and/or abstracts. Other search
terms for ‘metabolic syndrome’—‘metabolic syndrome X’,
‘syndrome X’, ‘insulin resistance syndrome X’, ‘Reaven Syn-
drome X’—were also considered. In addition, reference lists
were also scrutinized to find relevant published articles.

Study characteristics

This systematic review examined a total of 16 studies com-
prising 14,515 males (44.1 %) and 18,390 females (55.9 %).
Ten studies were conducted in India [12–21], two each in Sri
Lanka [22, 23] and Bangladesh [24, 25] and one each in Pa-
kistan [26] and Nepal [27]. Eight studies were carried out in
urban settings [12–15, 18, 19, 21, 22], three in rural [24–26],
four in both urban and rural [16, 17, 20, 23], and one study did

not mention setting [27]. No single study was found from
Maldives, Bhutan or Afghanistan. Fifteen included studies
that were cross-sectional and one was longitudinal. Ten stud-
ies mentioned the study year, out of which six were conducted
between 2005 and 2010. Three studies had a participant range
of 500–1000, nine had between 500 and 2500 participants and
four studies had more than 2500 participants.

Thirteen studies selected study participants by randomized
sampling method, whereas in two studies [21, 27], they were
selected non-randomly. The response rate of the participants
varied from 61.3 to 98.2 %.

The detailed summary of the included studies is presented
in the supplementary material 2.

Data extraction and quality appraisal

A data extraction form was developed using the Centre for
Reviews and Dissemination guidance template [28]. The data
form recorded basic information (authors, study year, title of
paper, journal details), detailed information of each short-
listed article (study design, study location, study objectives,
study population, sample size, key findings), and finally the
reviewers comments. The accuracy of the extracted data was
double checked, and amendments were made. The quality of
the studies was assessed using the Critical Appraisal Skill
Program (CASP) checklist for systematic reviews [29].

The flow diagram of article selection process is shown in
Fig. 1.

Definitions

This study considered the four key definitions of MS: the
World Health Organisation (WHO, 1999) [30], the National

Titles / abstracts excluded
(n = 505)

- Not meeting inclusion criteria        
- Not original research
- Duplicates across the databases

Total articles retrieved 
from the databases        

(n = 558)

Articles selected for full   
text  review  (n = 53)

Articles excluded   (n = 36)
- Not meeting inclusion criteria        
- Full text not available
- Same data used for several 
studies
- MS criteria other than ATPIII, 
modified ATP III, WHO, and IDF

Final articles included  (n=16)

(India 10, Sri Lanka 2, Bangladesh 
2, Pakistan 1, Nepal 1, Afghanistan 
0, Bhutan 0, Maldives 0)

Fig. 1 Flow diagram for selection of the articles
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Cholesterol Education Program-Adult Treatment Panel III
(NCEP-ATPIII,2001) [31], and its modified version 2005
[32], and the definition defined by the International Diabetes
Federation (IDF, 2005) [33]. These definitions mostly
consisted of fasting glucose, blood pressure, triglycerides,
high-density lipoprotein cholesterol (HDL) and obesity as
components. However, these definitions vary in cut-off points
and have differences in the terms of prioritizing certain com-
ponents. Details of these definitions are presented in the sup-
plementary material 1.

Use of MS definitions

Four studies used ATP III definition only [14, 15, 20, 25],
three studies considered modified ATP III definition only
[13, 18, 21] and one study used IDF definition only [23].
Likewise, three studies followed ATP III and IDF definitions
[16, 26, 27], one study followed modified ATP III and IDF
definitions [22] and one study considered ATP III and modi-
fied ATP III definitions [17]. Further, one study each used
WHO, ATP III and IDF definitions [12]; WHO, modified
ATP III and IDF definitions [24]; and ATP III, modified
ATPIII and IDF definitions [19].

We calculated mean prevalence (weighted) of MS and its
individual components as follows: sum of number of cases in
all or relevant studies/sum of number of participants in all or
relevant studies×100. In a few studies, prevalence data were
available only in certain categories, mainly by gender, urban
and rural setting and ethnicity. In such cases, we calculated the
overall prevalence by combining the existing data. The sex
standardized mean prevalence of MS was calculated consid-
ering total study participants as a standard population.

Results

Prevalence of metabolic syndrome

The mean prevalence ofMS (weighted) was 26.1 % (ATP III),
29.8 % (IDF), 32.5 % (modified ATP III) and 14.0 % (WHO).
By any definitions, the prevalence ranged from 8.6 to 46.1 %.
The sex standardized mean prevalence of MS was 25.4 %
(ATPIII), 28.8 % (IDF), 36.2 % (modified ATPIII) and
13.9 % (WHO). The weighted mean prevalence of MS and
its individual components are shown in Table 1.

The prevalence of MS was highly reported in the Punjabi
community in India (35.8 %) [19] by ATP III criteria; in rural
area of Pakistan (40.0 %) [26] by IDF criteria; in Colombo, Sri
Lanka (46.1 %) [22] by modified ATP III criteria; and in
Chennai city, India (23.2 %) [12] by WHO criteria.

The weighted mean prevalence of MS was higher in fe-
males than that in males [ATP: 29.5 vs 22.1 %; IDF: 34.3 vs
18.8 %; modified ATP III: 35.8 vs 28.8 %], except when

considering the WHO definition (12.8 vs 15.6 %). The gender
difference in the prevalence of MS was more pronounced in
rural areas of Pakistan [26] where the difference in the preva-
lence was 37 % by the IDF criteria (males, 13 %; females,
50 %) and 20 % by ATP III criteria (males, 20 %; females,
40 %). However, examining the studies individually, only one
study under ATP III criteria [15], none of the studies under
IDF criteria, three studies under modified ATP III criteria [13,
17, 21], and one study under WHO criteria [12] reported
higher prevalence in males. The prevalence of MS was found
nearly two-fold higher in males than in females in a study
carried out in Mumbai city, India [21].

Seven studies [14, 15, 17–19, 22, 23] reported age-adjusted
prevalence, of which four [14, 18, 19, 23] studies compared it
with crude prevalence. Age-adjusted prevalence was lower in
all of the studies.

Nine studies provided prevalence of MS by age group.
In eight studies [14, 15, 18, 19, 22–24, 27], the preva-
lence was observed to be increased with the increment in
age, and it was highest in the age group above 50 years.
However, an Indian study [21] demonstrated fairly equal
prevalence in the age group 20–40 and 41–60 years (20.6
and 20.7 %, respectively) and decrement in the subjects
older than 61 years.

The weighted mean prevalence of MS in the countries of
South Asia is presented in Fig. 2.

Prevalence of individual components of MS

Nine studies [12–14, 16–19, 22, 27] provided all individual
components of MS, whereas five [15, 20, 21, 23, 26] provided
some of them, and two [24, 25] provided none. Four studies
[14, 15, 21, 26] analysed individual components ofMS by age
group.

Low HDL cholesterol

Fourteen studies reported the prevalence of low levels of HDL
cholesterol. The weighted mean prevalence was 57.9 %. The
prevalence range was 31.6 % [22] to 79.6 % [26]. In seven
studies [12, 14, 17, 20, 23, 26, 27], low HDL cholesterol was
found in more than half of the study participants. Eleven stud-
ies reported the prevalence by gender which provided weight-
ed mean prevalence of 37.9 % for males and strikingly 68.8 %
for females. All of the studies showed higher prevalence in
females than in males. Four studies presented the prevalence
of low levels of HDL cholesterol with age group. In general,
the prevalence trend was observed to be higher in younger age
groups for both genders. A Pakistani [26] and Indian [21]
study identified a highest prevalence in the youngest age
group (20–40 years). An Indian study [15] reported highest
in the age group of 30–39 years in both genders, whereas
another Indian study [14] reported highest in the age group

Int J Diabetes Dev Ctries (July–September 2016) 36(3):255–262 257



of 30–39 years among females and in 40–49 years among
males. The mean value of HDL cholesterol in males and fe-
males was given in four studies, out of which three [15, 17,
22] documented higher values in females, one [16] reported
higher in males, one [26] showed similar value in both.

Hypertriglyceridemia

The weighted mean prevalence of hypertriglyceridemia was
37.2 %. Thirteen studies included the prevalence of high
levels of triglycerides in the range varying from 25.2 % [12]

Table 1 The weighted mean
prevalence of metabolic
syndrome and individual
components

Variables Male (%) Female (%) Total (%) Range (%)

MS definition

ATP III 22.1 29.5 26.1 18.3–35.8

IDF 18.8 34.3 29.8 11.2–40.0

Modified ATPIII 28.8 35.8 32.5 19.5–46.1

WHO 15.6 12.8 14.0 8.6–23.2

Individual MS components

Low HDL-C 37.9 68.8 57.9 31.6–79.6

Hypertriglyceridemia 37.2 36.1 37.2 25.2–55.1

Hyperglycaemia 27.9 27.6 28.9 9.2–65.1

Hypertension 42.3 38.1 48.5 21.2–81.1

Adbominal obesity 11.2 29.8 23.4 10.0–70.9

Abdominal obesity (South Asian cut-off) 37.9 47.9 43.2 21.6–60.3

Fig. 2 The weighted mean
prevalence of metabolic
syndrome by country of South
Asia

258 Int J Diabetes Dev Ctries (July–September 2016) 36(3):255–262





to 55.1 % [23]. The weighted mean prevalence was margin-
ally higher in males (37.2 %) than that in females (36.1 %).
Eleven studies provided the prevalence of hypertriglyc-
eridemia by gender; however, only three studies [19, 20, 26]
showed higher prevalence of triglyceride in females. Accord-
ing to age groups, hypertriglyceridemia was mostly observed
among participants in middle age of 40–60 years for both
genders.

Hyperglycaemia

The prevalence of hyperglycaemia was given in 11 studies.
The weighted mean prevalence was 28.9 %, and the preva-
lence range was between 9.2 % [17] and 65.1 % [22]. Ten
studies described the prevalence by gender which demonstrat-
ed that males and females had fairly equal weighted mean
prevalence (males 27.9 % vs females 27.6 %). While consid-
ering individual studies, only three [18, 19, 26] reported
higher prevalence in females. For both genders, increased
prevalence of hyperglycaemia was observed with increasing
age.

Hypertension

Nine studies provided the prevalence of hypertension with the
weighted mean prevalence of 48.5 %. This prevalence varied
from 21.2 % [13] to 81.1 % [23]. Males had higher weighted
mean prevalence of hypertension compared to females (males,
42.3 %; females, 38.1 %). Among the eight studies which
showed gender wise prevalence, only two studies [17, 22]
reported slightly higher prevalence in females than that in
males. Hypertension was found increase along with increasing
age for both genders.

Abdominal obesity

The prevalence of abdominal obesity was presented in 11
studies. Not considering the South Asian cut-off point, the
weighted mean prevalence was 23.4 %, in the range of
10.0 % [27] to 70.9 % [21]. Females had nearly three times
higher weighted mean prevalence than males (females,
29.8 %; males, 11.2 %). Gender wise prevalence was shown
in six studies, and females had decidedly greater prevalence in
all of these. The difference in the prevalence was at least 9.5 %
[17] and 29.3 % [19] in maximum.

Moreover, the weighted mean prevalence of abdominal
obesity increased sharply to 43.2 % while considering the
South Asian cut-off point for waist circumference (male,
≥90 cm; female, ≥80 cm) [33]. Six studies [13, 16–19, 22]
presented abdominal obesity with the South Asian cut-off
point. According to this cut-off, females had considerably
higher weighted mean prevalence (females 47.9 % vs males
37.9 %). Similarly, by age group, abdominal obesity was

observed highly prevalent among middle age (40–60 years)
participants for both genders. Six studies reported the mean
value of WC by gender, of which five [13, 15–17, 22] noted
higher mean value in males, but one [26] showed higher in
females.

Urban and rural difference

The weighted mean prevalence of MS in urban areas was
higher than in the rural areas by all definitions except WHO
(ATPIII, 28.7 vs 21.6 %; modified ATPIII, 38.8 vs 11.7 %;
IDF, 34.1 vs 19.2 %; and WHO, 23.2 vs 30.7 %). The
difference was more striking in modified ATPIII criteria. In
both settings, females had usually higher weighted mean
prevalence of MS than in males. Table 2 shows the weighted
mean prevalence of MS by urban and rural setting for both
genders.

Discussion

The findings of this review suggest that more than one quarter
of the participants had MS, with more propensity in females.
South Asians residing in urban areas had markedly higher
prevalence of MS, in both genders. Low levels of HDL-
cholesterol were found in nearly 70 % of females and were
more prevalent in young people of both genders. Another
striking finding was that hypertension was observed in nearly
half of the participants and central obesity in more than one
third. Further, we found that males were more likely to have
increased levels of hypertension, whereas females were

Table 2 The weighted mean prevalence of metabolic syndrome in
urban and rural setting

MS definitions Male (%) Female (%) Total (%)

ATPIII

Urban 23.9 33.2 28.7

Rural 16.7 24.8 21.6

Modified ATPIII

Urban 34.6 42.9 38.8

Rural 11.9 11.6 11.7

IDF

Urban 25.8 41.1 34.1

Rural 10.4 24.7 19.2

WHO

Urban 27.3 19.7 23.2

Rural 30.0 31.1 30.7

Int J Diabetes Dev Ctries (July–September 2016) 36(3):255–262 259



comparatively more likely to have low levels of HDL-
cholesterol and central obesity.

Our findings indicate that the prevalence of MS in South
Asia stands neither in a lower position nor in a higher position
across the globe, while comparing it with the systematic re-
views or best available studies from other parts of the world.
Our findings are fairly similar to the results of systematic
reviews of Latin American countries [24.9 % (ATP III)] [6],
a nationally representative study of Australia [22.1 % (ATP
III), 30.7 % (IDF)] [34] and combined prospective studies of
Europe [15 % (WHO)] [35]. In contrast, our study reported
distinctly higher prevalence than in the African studies (0 to
7.9 % by any definitions) [36, 37], and a nationally represen-
tative study of Eastern Asia (China) [13.7 % (ATP III)] [38].
However, our figure is lower than the prevalence identified in
a national survey of America [35 % (ATP III), 39 % (IDF)] [5]
and in a systematic review of the Gulf countries [20.7–37.2 %
(ATP III), 29.6–36.2 % (IDF)] [7].

This study demonstrated low HDL cholesterol as the most
frequent individual component of MS with weighted mean
prevalence of 57.9 %, and considerably higher among the
females. A Latin American systematic review [6] also
displayed highest prevalence of low HDL cholesterol
(62.9 %), and also at greater proportion among the females,
but the gender difference was much wider in our finding.
Hypertension was shown to be the most prominent MS com-
ponent in Europe (63.5 %) [35] and in Eastern Asia (41.2 %)
[38]. Central obesity, which was the third most prevalent MS
component in our study (44.5 %), was the most prevalent one
in the USA (38.6 %) [5] and in Africa [37].

The underlying factors behind the high prevalence of dys-
lipidemia, hypertension and central obesity among South
Asians could be multifarious. However, an increasing trend
of urbanization and predilection towards ‘westernized’ life-
style are mainly implicated [39–41], which could influence
glucose intolerance, abdominal obesity and dyslipidemia.
Misra et al. [42] suggested the possible role of body compo-
sition in the genesis of atherogenic dyslipidemia among South
Asians. They argued that a higher percentage of body fat,
excess truncal fat and increased intra-abdominal fat accumu-
lation may be linked with insulin resistance and consequent
dyslipidemia. Moreover, the INTERHEART study also found
lower prevalence of protective factors in South Asian controls
compared with controls from other countries (moderate or
high intensity exercise, 6.1 vs 21.6 %; daily intake of fruits
and vegetables, 26.5 vs 45.2 %) [10].

Some of the studies showed a genetic susceptibility of
South Asians to central obesity and MS [43], low levels of
HDL-cholesterol [44] and serum lipids and obesity [45].
Moreover, some genetically based hypotheses have also been
postulated which may explain South Asians propensity to
central obesity, namely ‘the thrifty genotype’ [46], ‘the thrifty
phenotype’ [47], ‘adipose tissue compartment overflow

hypothesis’ [48], ‘variable disease selection hypothesis’ [49]
and ‘the mitochondrial efficiency hypothesis’ [50]. The vast
majority of these genetic studies were limited to Indians and
migrant Indian populations. In addition, the prevalence of MS
among migrant South Asians living in western countries was
also higher when compared with multiple ethnic group popu-
lations [51, 52] which suggests that modifiable correlates of
MS may not be solely responsible for its increasing rates.

In this study, higher prevalence of MS in females was
found compared tomales. This finding can be partly explained
by the explanation that culturally South Asian females are
mostly engaged in the household tasks and have a more sed-
entary lifestyle than males. South Asian women also have
poor access to the health services resulting in both late diag-
nosis and poor management of the disease [53].

Limitations of this review included not being able to search
grey literature, only considering articles published in English
language on or beyond the year 2000, and heterogeneity in the
methodological quality of the studies (mainly discrepancies in
measuring waist circumference and some variations in the cut-
off value). Similarly, we could not rule out the possible bias
due to the disproportionately higher representation of Indian
studies. The main strength of this review is that we explored
three major medical databases PubMed, OvidSP (MedLine
and EMBASE) and Scopus. Also, we considered the most
common definitions of MS.

Conclusion

South Asian countries have witnessed increasing burden of
risk factors and diseases related with metabolic root. Nonethe-
less, they are grappling with limited health care resources and
capacity. The actual burden of MS in South Asia is still ob-
scure because none of the South Asian countries have nation-
ally representative studies. The research environment should
be consolidated, and research capacity should be strength-
ened. This systematic review suggests that MS is very com-
mon in this region and deserves urgent attention from both the
clinical and public health viewpoint. Along with affordable
and increased access to medical treatment, an intensified ap-
proach on primordial and primary prevention of metabolic
disorders should be the utmost priority for South Asian coun-
tries, with special attention to females. Finally, heterogeneity
of included studies limits our ability to conduct a meta-analy-
sis. This needs to be addressed in the future.
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Abstract India is experiencing an escalating epidemic of
diabetes for which the most cost-effective solution is
prevention. Awareness is the first step towards preven-
tion. We undertook a questionnaire-based study to eval-
uate gaps in awareness of different implications of dia-
betes among various sections of the urban population of
Pune. Individuals aged ≥13 years (378 diabetic, 1122
non-diabetic) from different socio-economic backgrounds
were interviewed using a structured questionnaire.
Awareness regarding causes, symptoms, complications,
treatment and preventive measures, curability of diabetes
and long-term implications of diabetes in pregnancy was
evaluated. An awareness score was calculated based on
the percent of total questions correctly answered. Of
those surveyed, 78 % scored less than 50 %, 44 % did
not know the meaning of diabetes, 30 % could not name
any of the risk factors, symptoms, complications and
preventive measures for diabetes, and 70 % were un-
aware of the long-term risks of diabetes in pregnancy.
As a group, diabetic participants scored marginally better
than non-diabetic participants (mean score 39 vs. 31 %;
P<0.001). Participants at high risk of diabetes (sedentary
workers, non-diabetic participants with first-degree fami-
ly history of diabetes and non-diabetic hypertensive

participants) had poor knowledge about the condition
(mean scores <40 %). Lower age, lower education and
male gender were independently associated with poor
awareness; education was the strongest predictor. Aware-
ness regarding different implications of diabetes is poor
in the population of Pune. There is a need for wide-
spread and extensive public education campaigns to raise
awareness and contribute to the national diabetes preven-
tion initiatives.

Keywords Diabetes . Awareness . Diabetes education .

India

Introduction

India is one of the diabetes capitals of the world and had
65.1 million people with type 2 diabetes mellitus (T2D) in
2013; this number is expected to reach 109 million by
2035 [1]. It is estimated that half of those who have dia-
betes are unaware of their condition [1]. In addition, 77.2
million have pre-diabetes [2]. The rise in diabetes has
been partly attributed to the rapid socio-economic and
nutritional transition occurring in India, mostly in urban
areas, reflected by energy-dense diets, physical inactivity
and stress [3]. Indians develop diabetes at a younger age
and at a lower body mass index compared to western
populations [4]. In addition, younger women in urban
India are increasingly developing gestational diabetes
mellitus (GDM) with implications for future generations.
As the epidemic affects young and economically produc-
tive groups, it has significant socio-economic conse-
quences for patients, their families and society. It is esti-
mated that treatment and other related expenditure
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amounts to INR 19914 per person with diabetes per
annum [5].

The conventional thinking is that diabetes results from an
interaction between genetic susceptibility and precipitating
factors such as diet, physical inactivity and obesity. Therefore,
preventive measures have included modification of lifestyle.
This can only be achieved if individuals are aware about var-
ious implications of diabetes. Assessing awareness of diabetes
in the population is the first step towards designing appropri-
ate educational and intervention programmes.We conducted a
questionnaire-based survey to evaluate awareness about dia-
betes and its implications among different sections of the res-
idents of Urban Pune.We also aimed to assess the influence of
demographic and socio-economic factors on awareness levels.
This survey was a part of our department’s prevention pro-
gramme consisting of lifestyle modification.

Materials and methods

Study design This was a one-time, questionnaire-based sur-
vey involving 1500 participants.

Participants As young people are increasingly affected with
diabetes [6], we included a wide age range of participants
starting with teenagers. We included both diabetic and non-
diabetic individuals. We approached three schools (students
and teachers), three police stations, three information technol-
ogy (IT) companies and three multispecialty hospitals (nurs-
ing staff, patients visiting outpatient department and their rel-
atives) in Pune and requested permission to conduct the sur-
vey. Only one ITcompany refused. We requested the manage-
ments of these institutes to circulate an invitation to attend our
session.

Questionnaire We designed a questionnaire based on pub-
lished literature [7] and modified it in consultation with dia-
betologists. The questionnaire was initially administered to 20
participants to assess the suitability of the contents, clarity and
flow of the questions. We modified it, taking into account
feedback from these participants. The questionnaire was avail-
able in both English and Marathi (local language).

The first section covered demographic details (age, gender,
level of education, occupation and average annual income of
the participants). First-degree (parents, siblings and children)
family history of diabetes was recorded. Those with known
diabetes and hypertension were asked to specify duration of
disease. The second section consisted of four closed-ended
questions on the meaning of diabetes, curability of diabetes
and future implications of GDM for mother and baby. There
were five multiple-choice questions (MCQs) on risk factors,
symptoms, complications, treatment and preventive measures;

participants were asked to tick as many choices as appropriate
(Fig. 1).

Scoring system We used a scoring system to assess knowl-
edge about diabetes. Correct answers were scored as 1 and
incorrect answers (inclusive of ‘don’t know’) as 0 (Table 1).

Total score was derived by adding scores from individual
sections; percentage score was calculated by dividing the total
score by the maximum possible score.

Data collection The survey was conducted between
June 2011 and January 2013. A team of two research fellows
and two research assistants administered the questionnaires.
They discussed the purpose of the study and the contents of
the questionnaire with the participants. Questionnaires were
self filled; the research assistants helped in recording re-
sponses for those who were unable to read or write. Care
was taken not to influence responses. Each questionnaire
was checked by a research assistant to ensure that all questions
were answered. The participants were asked to complete un-
answered questions if any. The session ended with a discus-
sion about diabetes and distribution of information leaflets.

Classification To compare awareness among participants as a
dichotomous variable, we used a cut-off of 50 % (total score
≥20 out of 40). Participants were categorized into good
(≥50 %) or poor (<50 %) awareness groups.

Statistical methods We assessed awareness scores in the
whole group and subgroups (teenagers and young
adults, sedentary workers, non-diabetic hypertensive par-
ticipants and non-diabetic participants with first-degree
family history of diabetes). We also compared aware-
ness levels between diabetic and non-diabetic partici-
pants. Continuous variables were compared between
groups using t test. Associations between different cat-
egorical variables (exposures) and degree of awareness
(outcome) were studied using chi-square test. Variables
influencing awareness (age, education, annual income,
gender, family history and presence of diabetes) were
assessed using multiple regression analysis. Statistical
Package for Social Sciences (SPSS-16) was used for
data analysis.

Results

Demographic details Of 1500 participants (53%men), 46%
were teenagers and young adults whereas 37 % were middle-
aged adults and 17 % were elderly. Eighty-eight percent had
completed secondary education while only 3 % were illiterate
(Table 2).
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Fifty-two percent diabetic and 24 % non-diabetic partici-
pants had first-degree family history of diabetes. Diabetic par-
ticipants were older (mean age 56 vs. 36 years; P<0.001) and
had completed fewer years of education (11 vs. 13 years;
P<0.001) than non-diabetic participants.

Sufficiency of knowledge Of the total participants, 136 (9%)
scored 0 and only 1 participant could achieve the maximum
possible score. The mean score of all participants was 33%. A

total of 1170 (78 %) participants were classified as having
poor awareness (score <50 %).

On univariate analysis, younger age, lower education,
lower income, male gender and absence of family history
of diabetes were associated with poor awareness. Multi-
ple regression analysis revealed that younger age, lower
education and male gender were independently associat-
ed with poor awareness; education was the strongest pre-
dictor (Table 3).

Fig. 1 Questions used for
obtaining data on diabetes
awareness (Section 2 of the
questionnaire)
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Meaning of diabetes Overall, 44 % did not know what dia-
betes was; this proportion was fairly similar in the different
groups, except diabetic participants (31 %).

Risk factors Twenty-four percent participants could not
name any risk factor for diabetes. Commonly listed risk fac-
tors were family history, excess sweet consumption, stress and
inactivity (Fig. 2a). Sixty-five percent teenagers and young
adults did not perceive ‘obesity’ while 55 % sedentary
workers did not perceive ‘physical inactivity’ as risk factors.
Forty-five percent of non-diabetic participants with first-

degree family history of diabetes failed to report ‘family his-
tory’ as a risk factor.

Symptoms Twenty-nine percent participants were unaware of
any symptom of diabetes. Delayed wound healing, frequent uri-
nation and tiredness were commonly reported symptoms. Mere-
ly 2% of participants were aware that diabetes can occur without
any symptoms (Fig. 2b). More diabetic participants were aware
of the symptoms than non-diabetic participants (P<0.001).More
than a third of high-risk participants and more than half of teen-
agers and young adults were unaware of the common presenting
symptoms (excessive urination, hunger and thirst).

Complications Thirty-six percent participants were unaware
of organ-related complications of diabetes. Among those
aware, a majority named eyes and kidneys as commonly af-
fected organs. A lesser number knew about the effect of dia-
betes on heart, foot and nerves (Fig. 2c). More diabetic par-
ticipants were aware of the complications than non-diabetic
participants (P<0.001). In diabetic participants, longer dura-
tion of diabetes was associated with better awareness about
complications (P=0.004). More than half of participants with
coexisting diabetes and hypertension did not know that eyes,
kidneys, heart, foot and nerves are affected.

Preventive measures Thirty-three percent participants were
not aware of any preventive strategy for diabetes while 27 %
were unaware of any measure for prevention of complications
of diabetes. Over half of the participants knew about diet and
exercise as preventive measures for diabetes and its complica-
tions. Education and weight management, which are impor-
tant contributors, were appreciated only by a third (Fig. 2d, e).
There were no significant differences between diabetic and
non-diabetic participants when knowledge of treatment and
preventive measures were compared.

Curability More than half the participants (57 %) believed
that diabetes could be cured completely including a third of
diabetic participants.

GDM and its future implications Seventy-seven percent par-
ticipants were unaware that women with GDM have a higher
risk of developing diabetes in the future. Sixty-eight percent of
participants did not know of the long-term risks in the offspring
of diabetic mothers. This awareness was marginally better in
women compared to men although two thirds of women in
adolescent and childbearing age did not know these facts.

Discussion

Our study highlights poor awareness about diabetes and its
health implications among residents of urban Pune. This was

Table 1 Contribution of different questions to the diabetes awareness
score (see Fig. 1)

Questions Maximum possible score

Closed-ended questions 4

MCQs

i. Risk factors 6

ii. Signs and symptoms 10

iii. Complications 8

iv. Treatment 7

v. Prevention 5

Total score 40

Table 2 General characteristics of the participants

N=1500

Men 796 (53)

Age (years)a 40.6 (17)

Teenagers (13–19) 225 (15)

Young adults (20–39) 468 (31)

Middle-aged adults (40–59) 551 (37)

Elderly (≥60) 256 (17)

Education (years)a 12.4 (4)

Illiterate (0) 48 (3)

Up to secondary education (1–9) 143 (9)

Secondary and higher secondary education (10–12) 612 (41)

Higher education (≥13) 697 (47)

Annual income (INR)

No income 461 (31)

<1,50000 578 (38)

1,50000–4,99999 388 (26)

≥5,00000 73 (5)

Cardiometabolic risks

Diabetes 378 (25)

Hypertension 235 (16)

Coexisting diabetes and hypertension 145 (10)

Numbers are n (%)
a Indicates mean (SD)
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particularly evident in those at high risk of diabetes and its
complications. Younger age, lower education and male gender
predicted poor awareness. These results stress the need for
widespread and extensive public education about diabetes.

Being aware of the risk factors is important for primary
prevention of T2D. The most common perception that

excessive sweet intake leads to diabetes needs to be modified
as the aetiology of diabetes is multifactorial and avoiding
sweets may not be sufficient to prevent diabetes. Family his-
tory is a non-modifiable risk factor, and family members of all
diabetic patients should be sensitized to take preventive ac-
tion. Among modifiable risk factors, obesity is commonly

Table 3 Associations of poor awareness of diabetes

Predictors Age quartiles Education quartiles Income group Gender Family history of T2D Presence of T2D

Groupsa Q1b 85 % Q1b 95 % 1 82 % Men 80 % Yes 72 % Yes 77 %

Q2 75 % Q2 85 % 2 77 % Women 76 % No 81 % No 78 %

Q3 79 % Q3 70 % 3 75 %
Q4 74 % Q4 63 % 4 53 %

P (For trend) 0.003 <0.001 <0.001 0.051 <0.001 0.559

P1* <0.001 <0.001 0.310 0.002 0.082 0.909

aNumbers are % participants belonging to poor-awareness group
bQ1 refers to those in the lowest quartile of age or education

*P1=adjusted for other factors in the table (age, education, annual income, gender, family history and presence of diabetes, as appropriate)
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neglected as ‘chubbiness’ is still considered a sign of good
health. Considering the increasing trends of obesity in child-
hood [8], spreading awareness about this risk factor should
begin at an early age. Sedentary behaviour is a major risk
factor for diabetes, worsened by urbanization and mechaniza-
tion. With Pune becoming an IT hub and home to an increas-
ing number of sedentary workers, it is imperative to promote
physical activity at workplaces. All diabetes prevention
programmes [9] have highlighted the important role of weight
management, regular physical activity and healthy diet in re-
ducing the risk of T2D. These findings should reach the grass-
root level, and preventive activities should be part of the
school curriculum from early childhood to show beneficial
effects in later years.

The fact that diabetes most often does not cause any overt
symptoms needs to be stressed in all education programmes.
This will highlight the importance of regular blood glucose
testing for diagnosis of T2D. Simultaneously, the well-known
symptoms (polyuria, polyphagia, polydypsia) also need to be
highlighted to anticipate severe hyperglycaemia and avoid
acute metabolic complications in diabetic patients. The crucial
roles that hypertension and lipid abnormalities play in diabetic
organ damage [10] need to be highlighted in diabetes clinics to
promote awareness and prevention of complications. A com-
mon belief that ‘diabetes is curable’ can prove harmful in
many cases and should be specifically addressed in all educa-
tion programmes to avoid many more attempting expensive
and useless remedies in the hope of permanent cure [11].

Indian women with GDM have more than 50 % chance of
developing T2D within 5 years of delivery [12], and the child
is at higher risk of developing obesity and insulin resistance in
later life [13]. As rates of GDM are increasing [14], education
of adolescents and inclusion of routine diabetes screening in
antenatal care deserve consideration.

There is limited literature on diabetes awareness in India
(Table 4). These studies assessed awareness on only a few
aspects. There was only one study which assessed aware-
ness regarding future implications of GDM and reported
low awareness in pregnant women attending antenatal
clinics [19].

Our population-based study has a moderately large sample
size and includes both men and women with a wide age range
and those in high-risk groups. The questionnaire was specially
designed and tested for clarity and validity. It included a range
of questions directed at a variety of high-risk groups (seden-
tary workers, non-diabetic people with family history of dia-
betes, non-diabetic hypertensive people) to assess their per-
ceptions about the disease. We included a sizable number of
participants in different groups to give meaningful results. We
explained the purpose and meaning of questions to promote
better understanding. Though the representativeness of the
study sample cannot be assured, the purposive sampling re-
flects the issues we wanted to address. Despite these

limitations, the results are important and have given us a good
understanding of the situation in urban India. The scenario in
rural areas may be different and the level of awareness is likely
to be even lower; this needs to be investigated.

In summary, there is need for pervasive public health
education campaigns to raise awareness and contribute to
the national diabetes prevention initiatives. This can be
achieved by identifying and approaching high-risk groups
through personal meetings, group sessions, workshops
and mass screenings. Opportunistic education can be de-
livered in hospitals, outpatient departments, referral cen-
tres, diabetes clinics, schools, colleges and workplaces.
Extending the education programmes to school and col-
lege curricula will help primary prevention while efforts
in diabetes clinics will promote secondary and tertiary
prevention. Adolescent girls and women in childbearing
age should be a particular target to help prevent diabetes
in two generations. Larger sections of society may be
reached through mass media approaches (newspapers, ra-
dio and television) and mobile/internet technologies (mo-
bile messages, applications, games, emails and social me-
dia updates). Authentic information on diabetes should be
made widely available to the general public like the one
made available by the American Diabetes Association
(http://www.diabetes.org/). Programmes on diabetes
education designed to train health care professionals can
form a pool of paramedics, educators, nutritionists, social
workers and volunteers who can act as mediators for
spreading awareness. One such programme has already
been implemented (the India Diabetes Educator
Project—IDEP; recognized by the International Diabetes
Federation) under which more than 3000 allied health
professionals were educated over a period of 4 years
[21]. Eventually, increased levels of awareness are likely
to facilitate acceptance of prevention and treatment
programmes and will contribute to a reduction in the
growing ep idemic of th i s s i l en t k i l l e r and i t s
complications.
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Abstract Data on diabetic foot ulcers (DFU) in young pa-
tients are scarce.We aimed to examine the risk factors, clinical
presentation, wound characteristics, and outcome of DFU
among young diabetic patients and to compare them with
similar age diabetics without foot ulcer and those of older
age diabetics with foot ulcers. A prospective cohort of 745
patients (834 ulcers) below 40 years of age, 7620 patients
(9405 ulcers) ages 40 years and above, and 992 patients below
40 years diabetics without foot ulcers in a single multidisci-
plinary diabetes center were studied. Registered patients with
foot ulcers in Jabir Abu Eliz Diabetes Centre (JADC) in Khar-
toum, Sudan from March 2001 to Dec 2011 were reviewed.
Below 40 years of age constituted 8.9 % (n=7450) of all
patients with DFU. Male-to-female ratio was 1.7:1. IDDM
type was prevalent in 60.9 %. Thirty-six per cent of below
40 years had peripheral neuropathy compared to 61.6 % of
older group (p<0.0002) and 8.7 % of below 40 without DFU
(p<0.0002). ABI <0.9 was found in 38.7 % (n=288) in below
40 years with ulcers compared to 41.4 % in older patients (p=

0.8989) and 36.3 % (n=360) of below 40 without DFU (p=
0.3125). HbA1c >7 % was significantly more in diabetics
below 40 years with foot ulcers compared to those without
foot ulcers (83.5 vs. 75.1 %) (p=0.0002). In below 40 years of
age, 80.1 % of ulcers healed compared to 70.6 % in older age
group (p>0.0002). Major lower extremity amputation was
performed in 4.8 % in below 40 years patients compared to
7.3 % in older group (0.0105). Young diabetics with foot
ulcers had significantly longer duration of the disease, more
foot deformities, and callus formation and more severe neu-
ropathy than young diabetics without ulcers but had a lesser
duration of diabetes than elderly diabetics with foot ulcers.
HbA1c in young diabetics with foot ulcers was significantly
higher than young diabetics without ulcers, and their foot ul-
cers healed better and with less major lower extremity ampu-
tation than elderly patients.

Keywords Diabetic foot . Foot ulcer . Amputation .

Diabetes . Diabetic complications

Introduction and background

Diabetic foot ulcers (DFUs) have been recognized as a major
diabetes-related complication with significant morbidity and
mortality [1, 2]. It represent a global burden in terms of distri-
bution, socioeconomic, and psychological impaction [3, 4].
Despite the well-studied pathophysiology of the disease and
the continuing efforts in therapeutic and preventive measures,
4–10 % of diabetic patients are at risk of DFU with a lifetime
risk approximating 25 % [5, 6].

Ulcerated diabetic foot is a complex problem. Ischemia,
neuropathy, and infection are the three pathological compo-
nents that lead to diabetic foot complications, and they fre-
quently occur together as an etiologic triad. Neuropathy and
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ischemia are the initiating factors, most often together as
neuroischemia, whereas infection is mostly a consequence
[7]. Thus, diabetic foot ulcers can be divided into two groups:
those in neuropathic feet (so called neuropathic ulcers) and
those in feet with ischemia often associated with neuropathy
(so called neuroischemic ulcers) [8].

About half of people with diabetes will develop peripheral
neuropathy. Most of the time, symptoms do not begin until 10
to 20 years after diabetes has been diagnosed. Being the most
recognized risk for the development of ulceration in neuro-
pathic and neuroischemic feet, its presence explains the high
prevalence of DFU among elderly diabetic population. How-
ever, DFU do occur in young diabetics.

This study was designed to identify the risk factors, clinical
presentation, wound characteristics, and outcome of DFU
among young diabetic patients below 40 years of age and to
compare them with those of older ages.

Research design and methods

Registered patients with DFU in Jabir Abu Eliz Diabetes Cen-
ter in Khartoum, Sudan from March 2001 to Dec 2011 were
reviewed. A total of 8209 were identified. Among those, 745
patients were found to be below 40 years of age (group A).
Those at 40 years of age or above (7620 patients) were con-
sidered as group B. Diabetic patients below 40 years of age
without DFUwere also included as a control group (groupC =
992 patients).

Both groups’ data were retrieved from an electronic data
sheet present in the center registry office. Variables studied
included age, gender, origin, duration of DM, presence of
co-morbidity, and presenting symptoms (pain, fever, swelling,
cellulitis, discharge, and local signs). Sensory neuropathy was
tested using 10 g monofilament test. Besides wound charac-
teristics, the presence of osteomyelitis and microbiology of
wounds were recorded after wound biopsy for culture and
sensitivity. Offending organism(s) and antibiotic sensitivities
were recorded. Relevant investigations (HbA1c, AB Index, X-
ray, and CT angiography when needed) were also recorded as
appropriate. All patients with major sepsis were shifted to
soluble insulin (Actrapid) until sepsis is being controlled. Sur-
gical interventions (drainage, debridement, revascularization,
skin graft, flap coverage) were done as needed. The final out-
come (complete healing without amputation, toe amputation,
minor foot amputation, and major amputation) were recorded.

The main risk factors included duration of diabetes
>10 years, Hemoglobin A1c >7.0, callus, deformities, ABI
<0.9, and absent 10 g monofilament test.

Wound characteristics studied included the site (toes, meta-
tarsal head, medial aspect, lateral aspect, plantar, dorsal, heel,
and others). Size of wounds was measured in cm2 and wounds
were subdivided into <2 cm2, 2–5 cm2, and >5 cm2. The depth

of wounds was assessed by layers and subdivided into full
thickness skin ulcers, penetrating to fascia or muscle, and
penetrating to bone or joint. Infection was identified by clin-
ical assessment and classified into grades as follows:

Clinical description Grade

No purulence or evidence of inflammation I

Two signs of inflammation, such as pain or induration; cellulitis,
2 cm or less around ulcer; infection limited to skin and
subcutaneous tissues

II

At least one of the following: cellulitis >2 cm around ulcer,
lymphangitis, spread beneath fascia, abscess, gangrene, or
involvement of muscle, tendon, or bone

III

Evidence of local infection as well as systemic toxicity, such as
fever, hypotension, leukocytosis, or azotemia

IV

Osteomyelitis was diagnosed when a foot ulcer reached the
bone by probing or the presence of radiological evidence by
X-ray, MRI, or bone scan.

Data was processed and analyzed in a computer using
SPSS version 14.

Statistical significance was calculated by Z-ratio and two-
tail probability of <0.05 was considered as significant.

Results

A total of 745 patients with 834 DFUs, less than 40 years of
age, were studied (group A) compared to 7620 patients with
9405 DFUs of 40 years or older (group B). Diabetic patients
below 40 years of age without DFU were also included as a
control group (group C = 992 patients). Less than 40 years
patients constituted 8.9 % of the total number of registered
DFU patients (n=8365). The most affected age group were
those between 31 and 39 years old (67.1 %). The male-to-
female ratio was 1.7:1.0; type 1 diabetes mellitus was preva-
lent in 60.9 % (n=454). Most of ulcers were new ones
(85.8 %). Recurrent wounds whether on the same site, same
foot, or the other foot accounted for 14.2 % of patients com-
pared to 18.8 % among older age group, (p value=0.005).

Seven hundred fifty-one ulcers (90.1 %) from group A
reached the end point of either complete healing, minor or
major amputation compared to 7806 ulcers (83.0 %) from
group B. Table 1 shows the risk factors comparing diabetics
with foot ulcers in <40 years versus those >40 years. Older
patients had significantly longer duration of diabetes, more
sensory neuropathy, and more deformities. Table 2 shows that
<40 years diabetics with foot ulcers had significant longer
duration of diabetes, higher HbA1c, more sensory neuropathy,
deformities, and callus formation than those <40 years dia-
betics without foot ulcers. Table 3 shows the wound charac-
teristics with more affection of the forefoot and toes in the
older patients and more heel ulcers in the young diabetics.
Table 4 shows more systemic presentation of sepsis like fever
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but better outcome and wound healing in <40 versus more
gangrene and amputation and less wound healing in >40 years
diabetics. Wound healing without amputation occurred in
88.9 % of those <40 years compared to 85.1 % in those
>40 years (p=0.0043). Major lower extremity amputation
was also more in >40 years (n=570, 7.3 %) versus (n=36,
4.8 %) in those <40 years (p=0.0105).

Intractable sepsis and life-threatening infection was the
main cause of major lower extremity amputation (MLEA) in
33 patients (out of 36) <40 years accounting for (91.7 %)
while it was the main cause (in 400 patients out of 570),
(70.2 %) in those >40 years of age (p<0.005). Critical limb
ischemia was the main cause of MLEA in 170 (29.8 %) pa-
tients (out of 570) >40 years of age versus 3 out of 36 (8.5 %)
in those <40 years of age (p<0.005).

Conclusion

Diabetic foot is always regarded as a disease of elderly pa-
tients. However, it does occur in younger diabetics. We be-
lieve that this is the first study describing the characteristics of
this problem among young patients.

It is well known that the combination of peripheral neurop-
athy, deformities, peripheral vascular disease, and infection
constitute the major causation of diabetic foot ulcers, making
it more or less a geriatric problem. These complications of
diabetes usually take time to develop and manifest as diabetic
foot, raising a question on what risks the development of di-
abetic foot in young patients.

Duration of diabetes of more than 10 years seems to play a
significant role as a risk factor for ulceration in below 40 years
diabetes patients. It is clear from the results that peripheral

neuropathy and foot deformities increase with age with a sta-
tistically significant difference. However, the only indepen-
dent factors with no difference between young and elderly
patients were glycemic control reflected by HbA1c and callus
formation. In the absence of obvious deformities, callus for-
mation can be due to local shoes with hard base without an off
loading pad. However, walking bare foot is common in
farmers and in those coming from remote areas, though no
accurate figures could be given. Thus, younger diabetic pa-
tients should be aware of the importance of appropriate foot
wear, evading barefoot walking, and glycemic control to avoid
diabetic foot ulcers.

Surprisingly, below 40 years of age showed a significantly
higher prevalence of heel ulcers than older patients. Heel ul-
cers in diabetics are challenging and considered as one of the
risk factors for major lower extremity amputation [9]. Risk
factors for the development of diabetic ulcers on a specific
site in the foot is very complex and include many variables
like peripheral neuropathy, peripheral vascular disease, pres-
sure distribution, and shear forces. However, the mechanisms
involved and predictability are not well understood [10]. This
may explain the characteristic site distribution of DFU among
below 40 years patients which mimics older ages in most but
with some special predilections.

Infection severity in diabetic foot is an important factor in
determining treatment policy, hospital stay, and risk of major
amputation [11]. Patients below 40 years hadmore fever, pain,
and swelling with better healing and less amputation. This
could be due to the fact that they have less neuropathy, less
ischemia, and are more symptomatic so they present earlier
and hence have better response to sepsis, early diagnosis, and
better outcome with less amputation and more wound healing.
In elderly patients with more neuropathy and ischemia,

Table 1 Risk factors comparing
diabetics with foot ulcers below
versus above the age of 40 years

Risk factor <40 =>40 P value

Duration of diabetes >10 years 237 (31.8 %) 4714 (61.9 %) <0.0002

Hb A1C >7.0 % 622 (83.5 %) 6180 (81.1 %) 0.1105

Callus 254 (34.1 %) 2817 (37.0 %) 0.1202

Deformity 296 (39.7 %) 4744 (62.3 %) <0.0002

10 g monofilament (absent or impaired) 268 (36.0 %) 4695 (61.6 %) <0.0002

ABPI <0.9 288 (38.7 %) 3158 (41.4 %) 0.8989

Table 2 Risk factors in <40
diabetics with and without foot
ulcers

Risk factor <40 with DFU <40 diabetics without DFU P value

Duration of diabetes >10 years 237 (31.8 %) 70 (7.1 %) <0.0002

Hb A1C >7.0 % 622 (83.5 %) 745 (75.1 %) <0.0002

Callus 254 (34.1 %) 100 (10.1 %) <0.0002

Deformity 296 (39.7 %) 308 (31.0 %) <0.0002

10 g monofilament (absent or impaired) 268 (36.0 %) 86 (8.7 %) <0.0002

ABPI <0.9 288 (38.7 %) 360 (36.3 %) 0.3125
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patients presents late until gangrene appears. Older patients
have more predilections to mixed growth and possibly anaer-
obes. This together with the significant presence of

osteomyelitis among older patients entails different strategies
in treatment beside a different outcome in terms of limb
salvage.

Table 3 Wound characteristics: comparing <40 versus >40 with foot ulcers

Characteristic <40 (out of 834 ulcers) ≥40 (out of 9405 ulcers) P value

Site

Toes 265 (31.8 %) 4150 (44.1 %) <0.0002

Head of metatarsals 137 (16.4 %) 1442 (15.3 %) 0.4015

Medial aspect 63 (7.6 %) 680 (7.2 %) 0.7301

Lateral aspect 61 (7.3 %) 608 (6.5 %) 0.3416

Plantar 68 (8.2 %) 685 (7.3 %) 0.356

Heel 112 (13.4 %) 785 (8.3 %) <0.0002

Dorsum 79 (9.5 %) 886 (9.4 %) 0.9609

Other 49 (5.9 %) 169 (1.8 %) <0.0002

Size

<2 cm2 121 (14.5 %) 1298 (13.8 %) 0.5707

2–5 cm2 390 (46.8 %) 4618 (49.1 %) 0.1953

>5 cm2 323 (38.7 %) 3489 (37.1 %) 0.3503

Depth

Full thickness 408 (48.9 %) 4730 (50.3 %) 0.4479

Penetrating to fascia or muscle 302 (36.2 %) 2840 (30.2 %) 0.0003

Penetrating to bone or joint 124 (14.9 %) 1835 (19.5 %) 0.0011

Infection grade

I 324 (38.9 %) 3922 (41.7 %) 0.1092

II 354 (42.4 %) 3395 (36.1 %) 0.0003

III 142 (17.0 %) 1890 (20.1 %) 0.0332

IV 14 (1.7 %) 198 (2.1 %) 0.4071

Osteomyelitis 208 (27.9 %) 2978 (39.1 %) <0.0002

Offending organism (swab culture)

Staph aureus 308 (36.9 %) 2098 (22.3 %) <0.0002

Streptococcus 46 (5.5 %) 497 (5.3 %) 0.7749

Pseudomonas aeruginosa 48 (5.8 %) 752 (8.0 %) 0.0209

E. coli 52 (6.2 %) 486 (5.2 %) 0.1855

Other 108 (13.0 %) 178 (1.9 %) <0.0002

Mixed 14 (1.7 %) 677 (7.2 %) <0.0002

No growth 258 (30.9 %) 4717 (50.1 %) <0.0002

Table 4 Clinical presentation
and outcome of diabetic patients
with foot ulcer above and below
40 years

Symptom/sign <40 (out of 745 patients) ≥40 (out of 7620 patients) P value

Pain 414 (55.6 %) 3753 (49.3 %) 0.001

Fever 216 (29.0 %) 1860 (24.4 %) 0.0057

Swelling 434 (58.3 %) 4083 (53.6 %) 0.0146

Cellulitis 323 (43.4 %) 3449 (45.3 %) 0.3183

SIRS 6 (0.8 %) 102 (1.3 %) 0.2187

Gangrene 17 (2.3 %) 503 (6.6 %) <0.0002

Complete healing 668 (88.9 %) 6643 (85.1 %) 0.0043

Minor amputation 47 (6.3 %) 593 (7.6 %) 0.1829

Major amputation 36 (4.8 %) 570 (7.3 %) 0.0105
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This difference is possibly explained by the specific im-
mune response characterizing patients with long standing di-
abetes [12]. The diagnosis and classification of diabetic foot
infections in below 40 years patients is a straight forward task.

Older age is identified as one of the independent baseline
predictor of non-healing in diabetic foot ulcer [13]. In our
series, 80.1 % of ulcers in below 40 years of age healed with-
out amputation compared to 70.6 % in older age group
(p>0.0002). Eighty-three ulcers (10 %) in below 40 years
and 1599 (17 %) in 40 years and above group were either in
continuous treatment or not being on follow up. We can as-
sume that younger patients have a higher rate of healing with
or without minor amputation. Although, the rate of major
amputation remained significantly higher among older pa-
tients; however, young diabetics still have major amputation
rate comparable to general rates observed in diabetic foot else-
where [14–16]. Higher rates among older diabetics are attrib-
uted to peripheral vascular disease and peripheral neuropathy.
This could be observed when we find that ischemia contrib-
uted to nearly one third of amputations in this group, together
with nearly two thirds affected by complete or partial periph-
eral neuropathy. In contrast, young diabetics suffer the conse-
quences of ascending uncontrolled sepsis which was behind
most of their major amputations. The effect of hyperglycemia
in decreasing tissue tolerance to ischemia and thus inducing
ischemic necrosis has been reported [17]. Hence, hyperglyce-
mia in young diabetics plays a major role in determining the
outcome, especially in borderline ischemic limbs.

One of the contradictions to this theory was the finding of
ABI in both groups which has shown similarity of peripheral
arterial disease (PAD) when identified as ABI <0.9. However,
major lower extremity ischemia was the main indication for
major LEA in those >40 years (29.8 %) versus 8.5 % in those
<40 years (p=0.005). This shows the limitations of AB Index
in predicting the clinical outcome. Several studies that corre-
late ABI with PAD among diabetic patients showed unreliabil-
ity and insensitivity of ABI. In the diabetic foot, the pressure
measured in one distal artery is less representative of athero-
sclerotic disease in the lower extremity [18]. The efficacy of
ABI is limited in the presence of clinical peripheral neuropa-
thy [19], and is also less sensitive in elderly patients, blaming
medial calcinosis which leads to false higher readings. This is
greatly observed in elderly diabetic population with below
knee PAD [20].

Another factor that may play a significant role in determin-
ing the outcome of DFU in young diabetics by influencing
resistant infections is colonization by Staphylococcus aureus
bacteria which was isolated significantly more from young
diabetics’ wounds in this series. With the ongoing emergence
of methicillin-resistant S. aureus (MRSA) and vancomycin-
resistant S. aureus (VRSA) [21, 22], young diabetics acquire
another risk factor for major lower extremity amputation.
Young diabetics still carry the unique characteristics of

diabetic foot and its disastrous complications regardless the
possible different pathological consequences. They need the
same specialized and skillful interventions to prevent limb
loss.

There are several limitations to this study. Risk factors like
smoking and dyslipidemia were not recorded in all patients.
We could not estimate the outcome in a limited time frame of
follow up. Patients whowere lost during the study period were
not included in the final outcome, a fact that may alter some
results especially the rate of major amputation. Also we did
not report and analyze the surgical interventions implemented
in sequence. Of particular interest are revascularization and
reconstructive procedures which may significantly affect the
outcome.

In conclusion, DFU do occur in young diabetic patients. It
may have a different pathophysiology and clinical presenta-
tion seen in older patients. Yet it carries most of the character-
istics and morbid outcome.With specialized care, early appro-
priate wound control, proper interventions, and microbiolog-
ical control young diabetics with foot complications have a
better chance to achieve complete healing with or without
minor amputation.

Conflict of interest The authors declare that there is no duality of
interest associated with this.

References

1. Krzywicki CP, Wasserfallen JB. Hospitalizations due to diabetic
foot in Switzerland. Rev Med Suisse. 2012;8(344):1215–6. 344.

2. Boulton AJ. The diabetic foot: a global view. Diabetes Metab Res
Rev. 2000;16(suppl):S2–5.

3. Cavanagh P, Attinger C, Abbas Z, Bal A, Rojas N, Xu ZR. Cost of
treating diabetic foot ulcers in five different countries. Diabetes
Metab Res Rev. 2012;28 Suppl 1:107–11.

4. Winkley K, Stahl D, Chalder T, Edmonds ME, Ismail K. Quality of
life in people with their first diabetic foot ulcer: a prospective cohort
study. J Am Podiatr Med Assoc. 2009;99(5):406–14.

5. Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers in
patientswith diabetes. JAMA. 2005;293:217–28.

6. Pecoraro RE, Reiber GE, Burgess EM. Pathways to diabetic
limbamputation. basis for prevention. Diabetes Care. 1990;13:
513–21.

7. Lepäntalo M, Apelqvist J, Setacci C, Ricco JB, de Donato G,
Becker F, et al. Chapter V: Diabetic foot. Eur J Vasc Endovasc
Surg. 2011;42 Suppl 2:S60–74.

8. Edmonds ME, Foster AVM. Diabetic foot ulcers. BMJ.
2006;332(7538):407–10.

9. Younes NA, Albsoul AM, Awad H. Diabetic heel ulcers: a major
risk factor for lower extremity amputation. OstomyWound Manag.
2004;50(6):50–60.

10. Stucke S,McFarlandD,Goss L, Fonov S,McMillan GR, Tucker A,
et al. Spatial relationships between shearing stresses and pressure on
the plantar skin surface during gait. J Biomech. 2012;45(3):619–22.

11. Wukich DK, Hobizal KB, Brooks MM. Severity of diabetic foot
infection and rate of limb salvage. Foot Ankle Int. 2013;34(3):351–
8.

Int J Diabetes Dev Ctries (July–September 2016) 36(3):271–276 275



12. Weigelt C, Rose B, Poschen U, Ziegler D, Friese G, Kempf K, et al.
Immune mediators in patients with acute diabetic foot syndrome.
Diabetes Care. 2009;32(8):1491–6.

13. Prompers L, Schaper N, Apelqvist J, EdmondsM, Jude E,Mauricio
D, et al. Prediction of outcome in individuals with diabetic foot
ulcers: focus on the differences between individuals with and with-
out peripheral arterial disease. the EURODIALE study.
Diabetologia. 2008;51(5):747–55.

14. Jeffcoate WJ, Chipchase SY, Ince P, Game FL. Assessing the out-
come of the management of diabetic foot ulcers using ulcer-related
and person-related measures. Diabetes Care. 2006;29:1784–7.

15. Beckert S, Witte M, Wicke C, Konigsrainer A, Coerper S. A new
wound-based severity score for diabetic foot ulcers: a prospective
analysis of 1,000 patients. Diabetes Care. 2006;29:988–92.

16. Oyibo SO, Jude EB, Tarawneh I, Nguyen HC, Armstrong DG,
Harkless LB, et al. The effects of ulcer size and site, patient’s age,
sex and type and duration of diabetes on the outcome of diabetic
foot ulcers. Diabet Med. 2001;18:133–8.

17. Lévigne D, Tobalem M, Modarressi A, Pittet-Cuénod B.
Hyperglycemia increases susceptibility to ischemic necrosis.
Biomed Res Int. 2013;2013:490964.

18. Aerden D,Massaad D, von KempK, van Tussenbroek F, Debing E,
Keymeulen B, et al. The ankle–brachial index and the diabetic foot:
a troublesome marriage. Ann Vasc Surg. 2011;25(6):770–7.

19. Potier L, Abi Khalil C, Mohammedi K, Roussel R. Use and utility
of ankle brachial index in patients with diabetes. Eur J Vasc
Endovasc Surg. 2011;41(1):110–6.

20. Dachun X, Li J, Zou L, Yawei X, Dayi H, Pagoto SL, et al.
Sensitivity and specificity of the ankle–brachial index to diagnose
peripheral artery disease: a structured review. Vasc Med.
2010;15(5):361–9.

21. Djahmi N, Messad N, Nedjai S, Moussaoui A, Mazouz D, Richard
JL, et al. Molecular epidemiology of Staphylococcus aureus strains
isolated from inpatients with infected diabetic footulcers in an
Algerian University Hospital. Clin Microbiol Infect. 2013. doi:10.
1111/1469-0691.

22. Dezfulian A, Aslani MM, Oskoui M, Farrokh P, Azimirad M,
Dabiri H, et al. Identification and characterization of a high
vancomycin-resistant staphylococcus aureus harboring VanA gene
cluster isolated from diabetic foot ulcer. Iran J Basic Med Sci.
2012;15(2):803–6.

276 Int J Diabetes Dev Ctries (July–September 2016) 36(3):271–276



ORIGINAL ARTICLE

Interaction of poor sleep quality, family history of type 2 diabetes,
and abdominal obesity on impaired fasting glucose:
a population-based cross-sectional survey in China

Yu Qin1
& Peian Lou2,3

& Peipei Chen2
& Lei Zhang2 & Pan Zhang2 &

Guiqiu Chang2 & Ning Zhang2 & Ting Li2 & Cheng Qiao2

Received: 18 December 2014 /Accepted: 28 May 2015 /Published online: 16 June 2015
# Research Society for Study of Diabetes in India 2015

Abstract This study aims to explore the interaction of sleep
quality, family history of type 2 diabetes, and obesity in rela-
tion to impaired fasting glucose in a Chinese population. A
representative population-based cross-sectional study was
conducted, and 15,145 residents aged between 18 and 75 years
were selected from 11 districts of Xuzhou City, Jiangsu Prov-
ince. The Pittsburgh Sleep Quality Index was used to evaluate
sleep conditions, with categories of good and poor. Impaired
fasting glucose (IFG) was assessed by fasting blood glucose.
Interaction of sleep quality, obesity, and family history of di-
abetes (FHD) on IFG was analyzed by logistic regression.
Relative excess risk due to interaction (RERI) and the synergy
index (SI) were applied to evaluate the additive interaction
between the two factors. Either poor sleep or positive FHD
was independently associated with an increased odds ratio
(OR) for IFG. Those with both poor sleep and positive FHD
had a significantly increased risk compared with those without
poor sleep and FHD (OR 20.6, 95 % confidence interval (CI)
16.4–29.0, P<0.001). The corresponding RERI and SI was
14.6 (8.6–20.6) and 3.7 (1.4–5.1), respectively. Both abdom-
inal obesity and FHD significantly increased the risk of being
IFG. The synergistic effect of abdominal obesity and FHD on

IFG was statistically significant (OR 40.1, 95 % CI 28.8–
61.5). The results suggest that additive interactions exist be-
tween poor sleep quality, abdominal obesity, and family his-
tory of diabetes in relation to impaired fasting glucose.

Keywords Impaired fasting glucose . Sleep quality . Family
history of diabetes . Abdominal obesity . Interaction

Background

Many epidemiological surveys [1–5] and experimental studies
[6–9] have shown that sleep duration and sleep quality con-
tribute to decreased glucose tolerance, reduced insulin sensi-
tivity, and increased risk of developing type 2 diabetes.

As the most important risk factor for type 2 diabetes, im-
paired fasting glucose (IFG) is also one of the prediabetes
cases. Based on a prospective cohort of IFG subjects, the
average annual incidence of diabetes was 11 % during the 6-
year follow-up period without intervention [10]. Many aspects
contribute to the risk of developing prediabetes including ag-
ing, positive family history of diabetes (FHD), obesity, ab-
dominal obesity, etc. [11–13]. Some studies have shown that
IFG was associated with sleep quantity and quality [7, 11].
The Western New York Health Study which included 1455
participants over 6 years of follow-up indicated that sleep
duration of less than 6 h was associated with increased prev-
alence of IFG, compared to 6–8-h sleep duration every night
[14]. Our previous study also confirmed that relatively healthy
individuals with poor sleep quality and short sleep time were
associated with a higher risk of IFG [11].

Although each of the above risk factors plays a role, the
development of IFG is attributable to the combined effect of
genetic and environmental factors rather than to one single
factor. So far, there is little understanding of these multivariate
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explanations of IFG in a relatively healthy population and
there are no studies on the interaction of sleep, positive family
history of diabetes, and obesity on IFG in these subjects.
Therefore, the aim of this cross-sectional study is to examine
the combined effect of poor sleep quality, positive family his-
tory of diabetes, and abdominal obesity on IFG among rela-
tively healthy populations in Chinese primary care settings.

Methods

The study was conducted from March to November in 2012,
and the sampling was selected with probability proportional to
size from all of the 11 regions in Xuzhou City. In the first
stage, five sub-districts/townships in urban/rural areas were
selected from each region. In the second stage, five
communities/villages were selected from each sub-district/
township. In the final stage, one person at least 18 years old
who has lived in their current residence for at least 5 years was
selected from each household using a Kish selection table
[15].

All participants received a health examination and complet-
ed a structured questionnaire, including demographic infor-
mation, medical history, medication history, sleep assessment,
cigarette smoking, alcohol drinking, and exercise habits. All
participants underwent 12-h overnight fasting, and blood sam-
pling was drawn for measurement of plasma glucose. Face-to-
face interviews were carried out by trained physicians and
public health professionals. Then, each individual completed
the Pittsburgh Sleep Quality Index (PSQI) [16]. In our study,
we excluded participants who were pregnant or were suffering
from diseases such as cardiovascular disease, stroke, neurop-
athy, psychosis, depression, chronic obstructive pulmonary
disease, obstructive sleep apnea, diabetes, and chronic pain.
Those with incomplete sleep duration or sleep quality infor-
mation were also excluded. A total of 15,145 subjects partic-
ipated in the survey, and the overall response rate was 91.8 %.

This study was approved by the ethics committee of Xu-
zhou Center for Disease Control and Prevention. All partici-
pants provided written informed consent.

Key measurements

The blood samples were obtained by venipuncture after over-
night fasting for at least 12 h. Extracted plasma was stored at
−70 °C for glucose determination using the hexokinase meth-
od. According to the recommendations from the American
Diabetes Association, IFG was defined as fasting plasma glu-
cose between 5.6 and 7.0 mmol/L [17]. FHD was defined as
having at least one first-degree familymember (father, mother,
and/or siblings) with diabetes, regardless of diabetes types.

Sleep quality and disturbance over a 1-month interval was
assessed using the PSQI, a validated self-rated questionnaire

[16]. Seven component scores reflected sleep problems in-
cluding sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleep medications,
and daytime dysfunction. The sum of the scores for these
seven components produced the global sleep quality score
which varied from 0 to 21 points. The diagnostic sensitivity
and specificity were 89.6 and 86.5 %, respectively, in differ-
entiating poor from good sleepers when the global PSQI score
was higher than 5. The Chinese version of the PSQI, used with
permission from the original PSQI authors, has an overall
reliability coefficient of 0.82–0.83 and an acceptable test–re-
test reliability coefficient of 0.77–0.85 [18].

Body height (to the nearest 0.1 cm) and weight (to the
nearest 0.1 kg) in light indoor clothing were measured. Body
mass index (BMI) (in kg/m2) was calculated as the weight (in
kg) divided by the height (in m2). BMI was then categorized
as underweight (≤18.5 kg/m2), normal weight (18.5–23.9 kg/
m2), overweight (24.0–27.9 kg/m2), and obesity (≥28.0 kg/
m2) [19]. Abdominal obesity was defined as waist circumfer-
ence ≥85 cm for men and ≥80 cm for women [19].

Covariates

Employment status was categorized into manual and non-
manual. Education level was categorized into below high
school, high school, and above high school. Lifestyle vari-
ables included cigarette smoking, alcohol use, and physical
activity level. Cigarette smoking was defined as the subject
having smoked at least 100 cigarettes in their lifetime. Infor-
mation on the amount and type of alcohol consumed during
the previous year was obtained. Alcohol drinking was defined
as total consumption of alcohol at least 30 g every week over a
period of at least 1 year. Regular leisure time physical activity
was defined as participating in moderate or vigorous activity
for no less than 30 min every day and at least 3 days every
week. Family history of diseases included hypertension, heart
disease, and cancer. Hypertension was defined as having been
diagnosed with hypertension with treatment or field measure-
ment of SBP ≥140 mmHg and/or DBP ≥90 mmHg [20].

Statistical analysis

t test and chi-square test were used to analyze the difference
between continuous and category variables between groups,
respectively. Odds ratios (OR) and 95 % confidence interval
(CI) were estimated for the interaction between two exposures
in association with IFG by logistic regression analysis. The
additive interaction between the two factors was evaluated
with two indicators: the relative excess risk due to interaction
(RERI) and the synergy index (SI). The RERI was the ex-
cess risk attributed to interaction relative to the risk with-
out exposure. SI was the excess risk after both exposures
when there is a biological interaction relative to the risk
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from both exposures without interaction. Additive interac-
tions were defined as either statistically significant RERI
>0 or SI >1. A P value <0.05 (two-tailed) was considered
statistically significant. All analyses were performed using
the statistical analysis program SPSS 11.5 (SPSS, Chicago,
IL, USA).

Results

A total of 15,145 adults (7557 men and 7588 women) with
complete data were included in our analysis. The average age
was 47.6±15.1 years. Among them, 634 (4.2 %) individuals
had IFG. The prevalence of IFG significantly increased with
age and BMI. Manual workers, cigarette smokers, and hyper-
tensive individuals had a higher prevalence of IFG. The prev-
alence of poor sleep quality was 26.0%. Individuals with poor
sleep quality had a higher prevalence of IFG than those with
good sleep quality (6.7 vs. 3.3 %, χ2=85.98, P<0.001). The
prevalence of IFG in individuals with abdominal obesity was
significantly different from that in those without abdominal
obesity (8.5 vs. 2.3 %, χ2=313.65, P<0.001). As compared
with individuals without FHD, those with FHD had a higher
IFG prevalence (25.1 vs. 2.5 %, χ2=541.55, P<0.001)
(Table 1).

Either poor sleep or positive FHD was independently asso-
ciated with an increased OR for IFG. Those with both poor
sleep and positive FHD had a significantly increased risk com-
pared with those without poor sleep and FHD (OR 20.6, 95 %
CI 16.4–29.0, P<0.001). The corresponding RERI and SI
were 14.6 (8.6–20.6) and 3.7 (1.4–5.1), respectively (Table 2).

Both abdominal obesity and FHD significantly increased
the risk of being IFG. The synergistic effect of abdominal
obesity and FHD on IFG was statistically significant (OR
40.1, 95% CI 28.8–61.5, P<0.001). The corresponding RERI
and SI were 27.9 (15.4–40.3) and 2.4 (1.1–3.7), respectively
(Table 3).

Discussion

Our study showed joint interactions between poor sleep qual-
ity and FHD, and also, FHD and abdominal obesity increased
the risk of IFG, independent of potential confounders. Few
epidemiologic studies have demonstrated joint effect of risk
factors on the prevalence of type 2 diabetes mellitus. A 6-year
US National Health and Nutrition Examination Survey indi-
cated a strong additive interaction between abdominal obesity
and insufficient 25(OH)D in regard to insulin resistance [21].
The MONICA/KORA Augsburg cohort study reported an
additive effect of overall and abdominal obesity on diabetes
[22]. Joint effects of genetic risk scores and obesity had been
reported to have contributed to the risk of diabetes [23, 24].

Table 1 Characteristics of the study population

Variables Number IFG (%) P

n 15,145 634

Age (years)

18+ 3495 39 (1.1) <0.001
30+ 2312 66 (2.9)

40+ 2373 96 (4.1)

50+ 2716 135 (5.0)

60+ 2267 157 (6.9)

70+ 1982 141 (7.1)

Gender (%)

Male 7557 316 (4.2) 0.94
Female 7588 318 (4.2)

Residents (%)

Urban 4180 172 (4.1) 0.58
Rural 10,965 462 (4.2)

Marriage statues (living with partners) (%)

Married 13,403 547 (4.1) 0.07
Single 1742 87 (5.0)

Manual worker

Yes 10,833 474 (4.4) 0.02
No 4312 160 (3.7)

Educational level

High school or above 3246 165 (4.2) 0.99
Below high school 11,899 499 (4.2)

Cigarette smoking

Yes 3514 174 (5.0) 0.01
No 11,631 460 (4.0)

Alcohol drinking

Yes 2872 120 (4.2) 0.98
No 12,273 514 (4.2)

Regular exercise

Yes 2559 107 (4.2) 0.99
No 12,586 527 (4.5)

BMI (kg/m2)

<18.5 597 1 (0.2) <0.001
18.5–23.9 9491 191 (2.0)

24–27.9 4259 208 (4.9)

≥28 798 134 (16.8)

Hypertension

Yes 3060 159 (5.2) 0.002
No 12,085 475 (3.9)

Sleep quality

Poor 3936 265 (6.7) <0.001
Good 11,209 369 (3.3)

Abdominal obesity

Yes 4613 394 (8.5) <0.001
No 10,532 240 (2.3)

Family history of diabetes

Yes 483 121 (25.1) <0.001
No 14,662 513 (3.5)

Abdominal obesity was classified as waist circumference ≥85 cm for men
and ≥80 cm for women. Hypertension was defined as having been diag-
nosed hypertension with treatment or field measurement of SBP
≥140 mmHg and/or DBP ≥90 mmHg. Poor and good sleep quality were
categorized by a cutoff of PSQI >5 and ≤5, respectively
IFG impaired fasting glucose

Int J Diabetes Dev Ctries (July–September 2016) 36(3):277–282 279



However, these studies did not take sleep quality into consid-
eration and, so far, no published paper has shown the joint
effect of risk factors on IFG.

The risk of development of type 2 diabetes was related to
either end of the distribution of sleep duration or qualitative
disturbances of sleep. One recent meta-analysis from ten pro-
spective studies with a 3-year follow-up concluded that sleep
duration and sleep disturbances consistently predicted the risk
of incidence to type 2 diabetes [25]. Our study showed a
higher prevalence of IFG in individuals with poor sleep qual-
ity than those with good sleep quality. Consistently, the West-
ern New York Health Study indicated that short sleep duration
was associated with an elevated risk of IFG [14]. Trouble
initiating sleep and waking up too early were shown to be
associated with IFG [26]. Another recent study in China sug-
gested that individuals with prediabetes and newly diagnosed
diabetes had a significantly higher global PSQI score than
those with normal glucose tolerance [27].

The family history of diabetes has a significant, indepen-
dent, and graded association with the prevalence of diabetes
[28, 29]. Our study showed a higher risk of being IFG in
individuals with FHD than those without FHD. Rodriguez-
Moran et al. indicated that presence of FHD in first-degree
relatives was associated with IFG in children and adolescents,
which implicated early detection of diabetes [30]. In respect to
sleep quality, a Japanese study showed that poor sleep was
associated with a higher risk of developing diabetes in
workers without FHD [31]. Inconsistently, we found a joint
effect of poor sleep quality and FHD on IFG. To the best of
our knowledge, it is the first report on this additive interaction.

FHD is a surrogate marker for both genetic susceptibility and
clustering family behavioral and environmental risk factors
[32]. Sleep deprivation is accompanied by impaired insulin
secretion and sensitivity [8]. Insulin resistance in both muscle
and hepatic tissue is genetically determined and fully
established in the early life of those with FHD [33]. Short
sleep duration/poor quality of sleep may be more influential
in the early phase of the process of impaired glucose metabo-
lism or developing diabetes before obvious clinical abnormal-
ities [31].

A meta-analysis with 18 cohort studies indicated a relative
risk of 7.28 for obese individuals to develop diabetes [34]. Lee
et al. found that obesity increased the risk of IFG and diabetes
by approximately similar magnitudes [35]. The cutoff values
for obesity and abdominal obesity vary according to ethnic
and sex, and we used the cutoff for Chinese adults. Our study
showed a higher prevalence of IFG in individuals with ab-
dominal obesity than those without abdominal obesity. Anoth-
er study in Chinese population reported that waist circumfer-
encewas strongly associatedwith diabetes [36].Waist circum-
ference is a simple measure of abdominal obesity and might
better reflect accumulation of intra-abdominal fat. Obese dia-
betics had both insulin resistance and insulin secretory dys-
function [37]. Visceral fat in abdominal obesity is the main
source of free fatty acids and inflammatory cytokines and
could lead to insulin resistance and diabetes [36]. In our study,
we found a joint effect of FHD and abdominal obesity on IFG.
Consistently, studies from Canadian and Finnish populations
have shown joint effects of family history and obesity on
diabetes [24, 23].

Table 2 Additive interaction between the sleep quality and impaired fasting glucose by family history of diabetes among participants

FHD Sleep quality IFG No IFG OR (95 % CI) RERI (%) SI (95 % CI)

No Good 327 10,600 1

Poor 186 3549 1.5 (1.4–2.0)

Yes Good 42 240 5.5 (3.9–8.2)

Poor 79 122 20.6 (16.4–29.0) 14.6 (8.6–20.6) 3.7 (1.4–5.1)

Adjusted for age, gender, region, marital status, education level, occupation smoking, drinking, physical activity, abdominal obesity, BMI and history of
hypertension

IFG impaired fasting glucose, FHD family history of diabetes, RERI relative excess risk due to interaction, SI the synergy index

Table 3 Additive interaction between the abdominal obesity and impaired fasting glucose by family history of diabetes among participants

Abdominal obesity FHD IFG No IFG OR (95 % CI) RERI (%) SI (%)

No No 195 10,424 1

Yes 45 262 9.1 (6.4–12.8)

Yes No 318 3725 4.4 (3.6–4.2)

Yes 76 100 40.1 (28.8–61.5) 27.9 (15.4–40.3) 2.4 (1.1–3.7)

Adjusted for age, sex, region, marital status, education level, occupation, smoking, drinking, physical activity, sleep quality, and history of hypertension.
P value represents significance of interaction from weighted logistic regression model

IFG impaired fasting glucose, FHD family history of diabetes, RERI relative excess risk due to interaction, SI the synergy index
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A main strength in our study is that we used a validated
self-rated questionnaire to assess sleep quality, which provid-
ed relatively accurate estimation of individual sleep quality.
The large population-based representative sample size ensures
the generalizability of our results. There are several potential
limitations in our study. Firstly, as a cross-sectional design, we
cannot determine causal-and-effect associations between
sleep quality, FHD, obesity, and the development of IFG. Sec-
ondly, we could not control some important and well-known
risk factors, such as snoring, whichmay be associated with the
risk of diabetes [38]. Thirdly, we did not measure dietary
intake related to diabetes which may have also influenced
sleep patterns. Fourthly, we did not measure impaired glucose
tolerance (IGT), another kind of prediabetes.

In summary, our study showed joint effects of poor sleep
quality and family history of diabetes as well as family history
of diabetes and abdominal obesity on prediabetes in a large
representative Chinese adult population. Since family history
cannot be modified, populations with a family history of dia-
betes should be a priority for early prevention, especially body
weight management. Environments should be modified for
promotion of physical activity, weight control, and sleep cycle
[39]. As it seems nomeasures are currently applied to focus on
sleep quality with both prediabetes and diabetes in China,
prospective studies are warranted to elucidate the causal rela-
tionship between sleep quality and prediabetes and diabetes.
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Abstract The aim of this study is to investigate the preva-
lence of potential drug-drug interactions (PDDIs), as well as
classifying them in relation to level of severity, scientific ev-
idence, time of onset, and potential clinical impact in adult and
older adult patients with diabetes mellitus 2 (DM2). This
cross-sectional study was conducted in a tertiary care outpa-
tient center. The consecutive sample was made up of 140
patients with DM2. The Anatomical-Therapeutic-Chemical
Classification was used for classifying the classes of medica-
tions. The PDDIs were analyzed using the DRUG-REAX®
system. The relationships between PDDI and the associated
factors were ascertained using a multiple logistic regression
model. The prevalence of total PDDI was 75 %, and the prev-
alence of major severity PDDI was 20.7 %. Simvastatin
(30.8 %), captopril/enalapril (12.8 %), and oral anti-dia-
betics/insulin (12.8 %) were the medications which were most
involved in the major PDDI, bringing relevant potential clin-
ical impacts such as rhabdomyolysis, hyperkalemia, and im-
portant glycemic alterations. Polypharmacy was associated
with PDDI (adjusted odds ratio = 10.46, 95 % confidence
interval = 4.10–26.71). Diabetics were highly exposed to clin-
ically significant PDDI. It is important that health profes-
sionals should be aware of the risks related to PDDI, so that
measures may be implemented in order to assure safe care for
the patient.

Keywords Diabetesmellitus . Type 2 diabetes . Drug
interactions . Tertiary healthcare . Nursing

Introduction

Chronic non-communicable diseases (NCDs) currently repre-
sent an important public health problem with high morbidity
and mortality and significant economic repercussions. Al-
though NCDs do not occur exclusively in older adults, it is
anticipated that, with age, the individual will come to present
some morbidity [1, 2]. Among these, one finds diabetes
mellitus (DM), which, due to its chronic nature, requires
long-term management. As a result, the treatment of DM aims
to maintain good glycemic control, which generally prevents
the appearance of the chronic complications which make up
the principal causes of mortality, morbidity, and worsening of
quality of life [3, 4].

As the disease progresses and with the presence of comor-
bidities such as dyslipidemia and systemic arterial hyperten-
sion (SAH), the patient may come to use complex antidiabetic
treatments made up of three or more medications, as well as
making use of other therapeutic agents for treating other co-
morbidities [5, 6]. Through this, the individual has greater
exposure to the use of polypharmacy, that is, the use of five
or more medications, contributing to the occurrence of drug
interactions (DDIs) [7–9].

Drug interactions occur when two or more medications are
used concomitantly and the actions of one medication (object,
substrate) are altered by the presence of another (precipitant,
interacting medication), causing an alteration of the clinical or
pharmacological effect on the patient’s response to the treat-
ment [10, 11]. The present study considers the potential drug-
drug interactions (PDDIs). This term refers to the possibility
of a given medication altering the intensity of the
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pharmacological effect of another medication used simulta-
neously by the patient [10–12].

Studies in different scenarios have indicated negative out-
comes related to DDI, which can result in adverse events, a
reduction or increase in the medications’ therapeutic effects, an
increase in the toxicity of medications, an increase in the health
services’ costs, failure of the treatment, and/or serious complica-
tions for the patient, including the risk of death [8, 9, 12–18].

One study undertaken in Nepal [19] with adult and older
adult diabetic patients attended in tertiary healthcare identified
a prevalence of PDDI of 52.5 %, of which 92.1 % were of
moderate severity. The medications which contributed most
to the risk of PDDI were those acting on the cardiovascular
system (49.5 %), followed by oral antidiabetics (31.2 %). A
study undertaken with diabetic and hypertensive older adults
indicated a prevalence of 47.8 % of PDDI, with 93.2 % classi-
fied as moderate severity and 6.5 % as major. The medications
which contributed most to PDDI in this scenario were
acetylsalicylic acid (14.3 %), enalapril (12.6 %), glibenclamide
(12.0 %), and digoxin (8.6 %) [15].

However, other studies directed towards evaluating the
prevalence of PDDI, as well as its possible significant clinical
implications in diabetic adult and older adult individuals, are
scarce. In light of these considerations, this study aimed to
investigate the prevalence of potential PDDIs, as well as clas-
sifying them in relation to level of severity, scientific evidence,
time of onset, and potential clinical impact in adult and older
adult patients with diabetes mellitus 2 (DM2).

Methods

Study design and setting

This cross-sectional study was conducted in an outpatient cen-
ter specializing in DM, Arterial Hypertension and Obesity, at
the Hospital de Clínicas, University of Campinas, Brazil. The
service undertakes an average of 700 free attendances per year
for adults and older adult patients, as it is part of the Unified
Health System.

Sample selection and data collection

The consecutive sample was made up of 140 adult and older
adult patients with DM2, receiving drug treatment with at least
two medications, and who had been treated on an outpatient
basis for a minimum of 12 months in the service. Data collec-
tion took place between May and October 2012. For extrac-
tion of the data, patient medical records were consulted, and
an instrument was used which was made up of demographic-
clinical variables and those related to the drug treatment.

Classification of the potential DDI

The present study considers the potential drug-drug interactions
(PDDIs). This term refers to the possibility of a given medica-
tion altering the intensity of the pharmacological effect of an-
other medication used simultaneously by the patient [10–12].
Only the PDDI related to major those that were quite severe
were considered clinically significant due to the potential im-
pact on the morbidity or mortality of the patients. The analysis
of the PDDI was undertaken using the DRUG-REAX® system
(Truven Health Products, 2015), which allows the identifica-
tion of the PDDI according to severity, scientific evidence, time
of onset and provides additional information such as potential
clinical impact and clinical management [22].

The level of severity was categorized as follows: contrain-
dicated, concomitant drug use is not recommended; major,
interaction may be life-threatening and/or require medical in-
tervention to reduce or prevent serious adverse effects; mod-
erate, the interaction may result in aggravation of the patient’s
condition and/or require a change in the therapy; minor, the
interaction would result in limited clinical effects and could
include an increase in the frequency or severity of side effects
but should generally not require any change in therapy; and
unknown, interactions are unknown [22]. In terms of scientific
evidence, the PDDIs were categorized as follows: excellent,
controlled clinical studies have clearly established the exis-
tence of DDI; good, the documentation strongly suggests that
there is an interaction, but no controlled clinical studies are
available; fair, availability of documentation is poor, although
pharmacological considerations exist regarding the interac-
tion, or the documentation is good for a pharmacologically
similar drug; and unknown, there is no evidence of such in-
teractions [22]. For the time of onset, the PDDIs were classi-
fied as follows: rapid, onset expected within 24 h; delayed,
onset not expected to occur within the first 24 h; and not
specified, time not known [22].

Analysis of the data

The data collected were transferred to a Microsoft Excel
2010® Windows 8 spreadsheet, using double keying. The
medications were classified by the Anatomical-Therapeutic-
Chemical Classification—ATC, in level 1—main anatomical
group [20]. The description of the qualitative variables was
undertaken through the calculation of frequencies and percent-
ages, and for the quantitative variables, measures of central
tendency and dispersion were calculated. In order to study the
association and the variables of sex, age range, number of
drugs taken, body mass index (BMI) (normal, pre-obesity,
and obesity), number of comorbidities, time since diagnosis,
and HbA1c values with the variables of presence/absence of
PDDI, simple logistic regression models were applied [21]
and, subsequently, multiple models were constructed with
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the stepwise criteria for selecting variables. The HbA1c values
used in this study were based on a previous study [23], which
demonstrated that HbA1c values between 7 and 8 % contrib-
ute to lower risks of mortality in diabetic patients. The results
were presented through calculations of the raw and adjusted
odds ratios. For all the analyses, a level of significance equal
to 5 % was considered, and the SAS (Statistical Analysis
System) statistical software, version 9.2, was used.

Results

Clinical-demographic profile

Over a 6-month period, 140 patients with a diagnosis of DM
were included in this study. The distribution of these
sociodemographic and clinical characteristics is presented in
Table 1.

Therapeutic profile and potential drug interactions

The mean number of drugs used was 6.3 (SD 2.6). The ma-
jority of patients (79.3 %) were using five or more drugs. A

total of 75 active substances were prescribed, with 364 pairs of
PDDI being found: 39 (10.7 %) belonged to the group of
major severity PDDI, 300 (82.4 %) belonged to the group of
moderate severity PDDI, and 25 (6.9 %) to the group of minor
PDDI. Contraindicated PDDIs were not found.

Among the 140 individuals, 105 were exposed to at least
one PDDI, resulting in prevalence of 75.0 %. Among these
patients, more than half (63.2 %) were exposed to between
one and three PDDIs (mean of 2.6, SD 1.8). The prevalence of
patients exposed to major PDDI was 20.7 % (n = 29), the case
being that, in this group, 72.4 % were exposed to at least one
major PDDI, 20.6 % to two major PDDIs, and 7 % to three
major PDDIs. Table 2 presents the data referent to the 105
patients exposed to PDDI. In both the group of older adults
and the group of adults, the moderate PDDIs were the most
frequent (66.7 %), followed by the major PDDI (27.6 %).

Among the medications which contributed most to major
severity PDDI, 50.0 % belonged to group C (cardiovascular
system), followed by 17.8 % to group A (digestive system
and metabolism) and 17.8 % to group N (nervous system).
Simvastatin 30.8 %, captopril/enalapril 12.8 %, and oral
antidiabetics/insulin 12.8 % were the drugs which were most
involved in these events. In relation to the major PDDI, 86.9 %
of the scientific evidence was classified as either excellent or
good quality; 47.8%was classified as delayed, that is, the onset
was not expected to occur within the first 24 h (Table 3).

Statistically significant differences were not found in the
multiple models between the variable presence/absence of
PDDI with sex, age range, BMI, number of comorbidities,
time since diagnosis, and HbA1c. In both univariate and mul-
tiple analyses, the number of drugs prescribed was associated
with PDDI, with a growing risk among both patients who
were not using five or more drugs and those who were doing
so (OR = 10.46; CI 95 % 4.10–26.71) (Table 4).

Discussion

The patients in the present investigation used a number of
medications (6.3; SD 2.6) similar to that in other studies held
in a tertiary healthcare outpatient center which included pa-
tients with DM2 in their samples [24–27].

Approximately 79 % of the patients made use of five or
more medications. In the literature, the values for
polypharmacy varied from 25.2 to 96.7 % [8, 15, 24, 25, 27,
28]. It is believed that this variation referent to the number of
patients using five or more medications may be related to the
level of care (primary or tertiary), to the associated morbid-
ities, and to the study design.

In the present study, the prevalence of patients exposed to
PDDI was 75 %. Rates of PDDI varying from 52.2 to 93.3 %
have been described in patients receiving outpatient treatment
in various specialties, including DM2 [19, 24, 25, 27].

Table 1 Demographic-clinical characteristics of patients with diabetes
mellitus type 2, attended in a tertiary healthcare outpatient center

Demographic-clinical variables Number (%)

Sex

Female 75 53.6

Male 65 46.4

Age in years

Mean (SD) 60.5 (9.4) –

Individuals <60 years 67 47.9

Individuals ≥60 years 73 52.1

BMI

Mean (SD) 29.5 (6.1) –

Comorbidities

Systemic arterial hypertension 121 86.4

Dyslipidemia 93 66.4

Obesity 66 47.5

Peripheral vascular disease 38 27.3

Previous acute myocardial infarction 24 17.5

Angina 13 9.3

Cerebrovascular accident 06 4.3

HbA1C

Mean (SD) 8.6 (1.9) –

<7 33 23.6

≥7 and ≤8 31 22.1

>8 % 76 54.3

Fasting glycemia

Mean (SD) 166.3 (69.3) –
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In this study, the prevalence of patients exposed to major
severity PDDI was 20.7 %. This result is superior to the find-
ings of a Mexican study which presented a prevalence of
major PDDI of 3.8 %, in which only 29.5 % of the patients
were diabetics [25]. This fact may be associated with the pa-
tients’ differences in relation to the diagnoses and consequent-
ly, in relation to the drug treatment prescribed.

The prevalence of pairs of major severity PDDIwas 10.7%
in the present study, this result falling within the values (3.67–
17.6 %) present in other investigations with patients receiving

outpatient treatment, which included DM2 [19, 24, 26, 27].
The major PDDI are considered clinically relevant, as it is
important for health professionals to be aware of the risks
related to the PDDI, so that measures may be implemented
in order to ensure safe care for the patient.

The medications involved with the greatest frequency in
major severity PDDI were simvastatin, captopril/enalapril,
and oral antidiabetics/insulin, which is consistent with other
studies which presented these combinations [9, 15].More than
half of the participants (58.6 %) had SAH and dyslipidemia,

Table 2 Distribution of patients
with diabetes mellitus type 2
monitored in tertiary care, in
relation to exposure to potential
drug interactions, by severity

Severity Number (%) of patients exposed to potential drug interactionsa

Adults Older adults Total

Contraindicated – – 0 (0)

Major 11 (37.9) 18 (62.1) 29 (27.6)

Moderate 32 (45.7) 38 (54.3) 70 (66.7)

Minor 3 (50.0) 3 (50.0) 6 (5.7)

Total 46 (43.8) 59 (56.2) 105 (100.0)

a The patients exposed to more than one potential drug interaction were considered only once, that is, by the
interaction with the greatest relevance

Table 3 Frequency of pairs of clinically significant major severity potential drug interactions in prescriptions of patients with diabetes mellitus type 2
attended in a tertiary healthcare outpatient center

Drug A Drug B Frequency
(%)

Potential clinical impact Evidence Time

Simvastatin Amiodarone 10 (25.6) ↑ risk of rhabdomyolysis and myopathy E R

G RAmlodipine

Captopril Spironolactone 5 (12.8) Hyperkalemia G D
Enalapril

NPH insulin Norfloxacin 4 (10.3) Important glycemic alterations E R
Insulin R

Metformin

Glibenclamide

Clopidogrel Omeprazole 4 (10.3) ↓ clopidogrel efficacy and ↑ risk of thrombosis E R

NSAmlodipine

Simvastatin Warfarin 2 (5.1) ↑ risk of rhabdomyolysis and of bleeding E D

Captopril Losartan 2 (5.1) Hypotension, syncope, kidney failure E NS

Amiodarone Carvedilol 2 (5.1) Hypotension, bradycardia, and cardiac arrest E R
Propranolol

Digoxin Amiodarone 2 (5.1) Nausea, vomiting and cardiac arrhythmia E D
Spironolactone G

Carbamazepine Fluoxetine 2 (5.1) ↑ risk of toxicity of the carbamazepine G NS

Atenolol Diltiazem 1 (2.6) Hypotension, bradycardia, atrioventricular conduction disturbances G R

Atenolol Clonidine 1 (2.6) ↑ risk of sinus bradycardia F NS

Amitriptyline Fluoxetine 1 (2.6) Prolongation of the QT interval, torsades de pointes, cardiac arrest G NS

Metformin Topiramate 1 (2.6) ↑ risk of lactic acidosis F NS

Hydrochlorothiazide Lithium 1 (2.6) ↑ of the concentration of the lithium (weakness, tremors, excessive thirst and
confusion)

G NS

Allopurinol Enalapril 1 (2.6) Hypersensitivity reactions F R

↑ increase, ↓ decrease, F fair, G good, E excellent, R rapid, D delayed, NS not specified
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associatedwith DM2. This may explain the greater occurrence
of PDDI with cardiovascular system drugs, as well as with
medications for controlling dyslipidemia.

In general, the statins are used for preventing cardiac events
and are well established for patients with dyslipidemia [29];
accordingly, simvastatin is a medication which is widely pre-
scribed for the patient with DM2, given that dyslipidemia is a
frequently associated comorbidity. Combined with
amlodipine or amiodarone, there is an increase in the risk for
myopathy and rhabdomyolysis; the risk of rhabdomyolysis
and bleeding also increases with the use of warfarin [30–32].
In this way, these PDDIs represent a risk to health and conse-
quently require interventions from the multi-professional team
for preventing serious adverse effects. These patients must be
monitored and guided in relation to signs and symptoms of the
disease.

The risk for hyperkalemia occurred with the combined use
of captopril/enalapril with spirinolactone in 12.8 % of the
PDDI. This phenomenon is usually asymptomatic, and the
greatest risk is the occurrence of arrhythmias. One study indi-
cated that the combination of angiotensin-converting enzyme

inhibitors with spironolactone gave rise to hyperkalemia, pos-
ing serious risks to the patients; 76 % of the patients presented
electrocardiographic changes compatible with hyperkalemia
(T tenting, QRS widening, or PR prolongation), with two
patients dying in the emergency room [33].

One study revealed that the combination of these drugs was
also associated with a significant increase in the risk of pa-
tients being transferred to the intensive care unit (ICU) or
dying. The risk of death after 2 days from the detection of
hyperkalemia was 5.3 times greater than in patients who were
not exposed to PDDI, which led to this adverse event [34].
The combination, therefore, must be carefully evaluated with
regard to the risk and benefit for each patient.

Other important combinations found in this study were for
norfloxacin with insulin or oral antidiabetics (10.3 %). Ac-
cording to the literature, the main effect of combining these
drugs is severe hypoglycemia [35, 36]. It is important to em-
phasize that the patient who maintains rigor in metabolic con-
trol already presents a risk for hypoglycemia and, associated
with the combination of these drugs, the risks increase and
may expose the patient to risks of death.

Table 4 Factors associated with the potential drug interactions in patients with diabetes mellitus type 2 attended in a tertiary healthcare outpatient
center

Variable PDDI Raw odds ratio (C.I. 95 %) p value Adjusted odds ratio (C.I. 95 %)* p value

No Yes

n % n %

Sex

Male 14 21.54 51 78.46 1.00 (ref) 0.3797

Female 21 28.00 54 72.00 0.71 (0.33; 1.54)

Age range (years)

<60 21 31.34 46 68.66 1.00 (ref) 0.0994

≥60 14 19.18 59 80.82 1.92 (0.88; 4.19)

BMI

Normal 12 37.50 20 62.50 1.00 (ref) 0.1385

Pre-obesity 12 25.00 36 75.00 1.75 (0.66; 4.07)

Obesity 11 18.33 49 81.67 2.67 (1.00; 7.05)

No. of drugs

<5 19 65.52 10 34.48 1.00 (ref) < 0.0001 1.00 (ref) <0.0001*
≥5 16 14.41 95 85.59 11.28 (4.45; 28.62) 10.46 (4.10; 26.71)

No. of comorbidities

≤2 25 35.21 46 64.79 1.00 (ref) 0.0058

>2 10 14.49 59 85.51 3.21 (1.40; 7.34)

Time since diagnosis

≤60 months 9 21.95 32 78.05 1.00 (ref) 0.5924

>60 months 26 26.26 73 73.74 0.79 (0.33; 1.87)

HbA1c (%)

<7 7 21.2235 26 78.78 1.00 (ref) 0.6389

≥7 and ≤8 7 22.58 24 77.42 0.82 (0.24; 2.80)

>8 21 27.63 55 72.37 0.63 (0.23; 1.75)
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The combination of clopidogrel with omeprazole or
amlodipine was also among the most common in this study
(10.3 %). The USA’s Food and Drug Administration (FDA)
issued an alert regarding the interaction of clopidogrel with
omeprazole [37]. Omeprazole reduces the antiplatelet effect of
clopidogrel by approximately 50.0 %. However, it seems that
omeprazole is rapidly eliminated, and the PDDI may be atten-
uated when the clopidogrel and the omeprazole are adminis-
tered with an interval of 12 h. In some studies, the concomitant
use of calcium channel blockers and clopidogrel was associ-
ated with a reduction of the action of the clopidogrel [38, 39].
In other studies, however, this hypothesis was not confirmed,
and in these cases, there is no evidence that calcium channel
blockers may reduce the efficacy of the treatment using
clopidogrel [40, 41]. For this, it is necessary to undertake
studies which better seek scientific evidence.

The use of five or more drugs was significantly associated
with PDDI. Polypharmacy is a factor which is well document-
ed in the literature as a factor associated with PDDI, indepen-
dent of the disease investigated, country or place of care, and
health treatment [8, 9, 12–18]. The polypharmacy recorded in
this study is expected for this population, given that these
individuals present an increased risk for cardiovascular dis-
eases, such as SAH, dyslipidemias, and abnormalities related
to coagulation. The higher the number of comorbidities, the
greater the chances of co-administration of various drugs for
the control of DM and its associated comorbidities.

The present study’s results confirm the risk to the safety of
patients with chronic diseases who are subjected to
polypharmacy. The professional team needs to exercise con-
tinuous surveillance in relation to identifying signs/symptoms
and possible alterations in laboratory examinations which re-
sult from PDDI and to review drug treatment so as to propose
changes when possible. Furthermore, the professional must
advise patients and their family members with the aim of
reinforcing the early identification and treatment of these pos-
sible clinical implications. It falls to the health system to im-
plement warning systems in the electronic prescriptions, with
the aim of detecting and preventing prescriptions with prob-
lems, as well as providing databases on PDDI which allow
PDDI to be tracked in real time. The use of warning systems
for categorizing PDDI by severity, in certain care scenarios,
has improved the acceptance of the clinical recommendations,
such that specific medications should not be prescribed simul-
taneously [42].

Among this study’s limitations, one finds the selection of
the consecutive sample, which may prejudice its external va-
lidity. The PDDIs were established through the evaluation of
the medical prescriptions of patients treated on an outpatient
basis and were not compared with the actual clinical impact
caused to the patient, which indicates a field for future inves-
tigations. On the other hand, this study, undertaken with dia-
betic patients, appears to be one of the first to investigate

PDDI in this population, which contributes to shedding light
on those PDDIs which are clinically significant, and provides
data for assisting in developing warning systems for treatment
of persons with diabetes, this being a group with greater vul-
nerability, due to the presence of comorbidities, the increase of
possibilities of complications, and the use of complex
polypharmacy.

Conclusion

Diabetic patients were exposed to clinically significant PDDI,
the case being that polypharmacy increased the chances for
PDDI. The most frequent potential clinical impacts were rhab-
domyolysis, hyperkalemia, and important glycemic alter-
ations. It is important for health professionals to know the
risks related to the PDDI, so that measures may be implement-
ed in order to ensure safe care for the patient. Changing the
therapeutic scheme must be discussed within the multi-
professional team and undertaken where possible.
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Abstract The study examined the relationship between sense
of responsibility for health, health suggestibility, and disposi-
tional optimism in diabetic patients (n=110) with (n=56) and
without (n=54) complications/accompanying diseases. The
two groups of patients did not differ significantly in their sense
of responsibility for heath, but health suggestibility was signif-
icantly higher and optimism was significantly lower in patients
with complications. Health suggestibility and optimism had
positive significant correlations with sense of responsibility
for health in patients without complications, but in patients
with complications, these correlations were not significant.
However, the correlations between the two groups did not
differ significantly suggesting lack of significant moderation
effects due to complications. While it is understandable that
suggestibility scores are higher and optimism lower in patients
with complications, it is not easy to explain as to why the
correlations were significant in patients without complications,
but not in patients with complications. Further studies are war-
ranted to draw any clinical implications of these results.

Keywords Diabetes . Dispositional optimism . Health sense
of responsibility . Health suggestibility

Introduction

Diabetes is characterized by chronic hyperglycemia and often
accompanied by carbohydrate, protein, and fat metabolism
disorders. It is caused by deficiency of insulin, which mainly
results from autoimmune damage to the pancreatic beta cells
[1, 2]. The World Health Organization (WHO) estimates that
diabetes affects 135 million people around the world and pre-
dicts that its incidence will increase over the years, especially
among young people [3].

Treatment of diabetes includes insulin therapy, proper diet,
physical activity, self-control, and education about the dis-
ease. Properly selected treatments reduce the risk of compli-
cations and improve the quality of life of patients [1, 4]. In
recent years, researchers have stressed the role of such psy-
chological factors as patient’s attitude towards the disease,
adherence to medical recommendations, and patient–doctor
relationship in the effectiveness of treatments [1, 5].
Research suggests that the patient–doctor relationship is char-
acterized by numerous irregularities, which may adversely
affect treatment outcomes [3–5]. Suchocka’s [6] identification
of ‘sense of responsibility for health’ as an important factor in
treatment allowed for a new approach to diabetes therapy.
The sense of responsibility for health construct is defined as
self-perceptions relating to motivation and use of various be-
havioural strategies to keep good health [6]. Two aspects
characterize sense of responsibility: active involvement and
adequate behaviour. Whereas active involvement concerns
cognitive and motivational aspects related to the need for
undertaking appropriate actions to maintain good health, ad-
equate behaviours concern actions taken to maintain health or
make improvements. In this study, sense of health responsi-
bility is conceptualized as a disposition, possibly shaped over
many years, rather than temporary motivational and behav-
ioural measures taken when medically required.
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In examining the factors related to patients’ sense of re-
sponsibility of health, we identified dispositional health sug-
gestibility and optimism as its potential correlates. These fac-
tors have been examined infrequently in human health promo-
tion studies and have not been generally considered as part of
therapy in patients with diabetes; furthermore, their inter-
relationships have not been examined.

Health suggestibility, a construct developed by Jaworski
and Adamus, is defined as a relatively stable disposition to
yield to others’ opinions. Health suggestibility is often exam-
ined within the context of interpersonal relationships.
Research suggests health suggestibility is related to such de-
mographic factors as age and sex and such psychological fac-
tors as level of intelligence, anxiety, self-esteem, and sense of
control [7]. However, most studies on health suggestibility
have pertained to healthy people. To the best of our knowl-
edge, no studies have been conducted on the relationship of
health suggestibility with other personality traits on individ-
uals diagnosed with diabetes.

Research suggests that dispositional optimism is a personal
resource that is related to physical and psychological health.
Optimism may help facilitate the attainment of success in life,
increase resistance to stress, and correlate with the inclination
towards making behaviour changes favourable to better health
[8, 9].

This exploratory study was designed to examine (1) if di-
abetic patients with and without complications differed with
respect to their self-perceptions of health suggestibility, dispo-
sitional optimism, and sense of responsibility for health and
(2) the magnitude and directions of correlations of health sug-
gestibility and optimismwith sense of responsibility for health
in diabetic patients with and without complications.

Given that these variables have not been examined with
diabetic patients, no predictions are being made as to the dif-
ferences on these variables between the two groups. However,
on logical grounds, we would not expect the two groups of
patients to differ on sense of responsibility for their health
given that diabetes is a chronic condition and most patients
have to actively manage their disease. However, a question of
interest is whether patients with complications show higher
levels of suggestibility to health-related suggestions and lower
levels of optimism. Added complications may make patients
more suggestible to seeking alternative treatments or comply-
ing with prescribed medical regimen. Alternatively, having
complications may make patients less optimistic about treat-
ment outcomes. Such a finding might have clinical implica-
tions by targeting these two variables as needed to improve
treatment outcomes.

As regards the correlations between health suggestibility
and optimism in diabetic patients with and without complica-
tions, our interest was to see if having complicationsmoderates
the magnitude and direction of relationships. If suggestibility
and optimism differ in the two groups, there is also a possibility

that the correlationsmight also differ. If they do differ, then this
findingmay have clinical implications in terms of how to work
with these variables for improving treatment outcomes.

Materials and methods

Participants were 110 (65 men and 45 women) patients with
diabetes, ranging in age between 18 and 71 years (average
age=36.60 years, SD=14.06). The inclusion criteria were
(1) age above 18, (2) clinical diagnosis of diabetes (type 1 or
type 2), (3) ongoing clinical treatment, (4) use of medical
treatment supervised by a diabetologist, (5) use of dietetic
counselling supervised by a dietician, and (6) completion of
informed consent to participate in the study.

Based on information obtained from interviews, patients
were divided into two groups: group 1 consisted of 56 diabetic
patients without complications and accompanying diseases
and group 2 had 54 diabetic patients with complications and/
or comorbidities.

Three instruments were used in this study: Health
Suggestibility Scale, Sense of Responsibility for Health
Scale, and Life Orientation Test-Revised.

The Health Suggestibility Scale, developed by Jaworski
and Adamus, consists of nine items for use with both healthy
individuals and patients. The first five items are rated on a
five-point scale ranging from ‘almost always’ (5) to ‘never’
(1), and the remaining four questions are rated on a five-point
scale ranging from ‘disagree’ (1) to ‘totally agree’ (5). The
total score, the sum of ratings on the nine items, was used in
this study with higher scores reflecting higher suggestibility.
Cronbach’s alpha coefficients were reported at .65 in a pilot
study by Jaworski and Adamus (unpublished data).
Cronbach’s alpha coefficient in this study for diabetic patients
was found to be .72.

The Sense of Responsibility for Health Scale (HSRS), de-
veloped by Adamus, consists of 12 items rated on a five-point
scale (1—hardly ever, 2—rarely, 3—sometimes, 4—often,
5—nearly always/very often). The scale yields a total score
(HSRS-T) and two subscale scores: Active Involvement
(HSRS-AI, 7 items), and Adequate Behaviour (HSRS-AB, 5
items). Higher scores reflect higher sense of responsibility for
health. A pilot study (unpublished) found Cronbach’s alpha
coefficients for HSRS-AI, HSRS-AB, and HSRS-Tat .73, .70,
and .74, respectively. In this study, Cronbach’s alpha coeffi-
cients with diabetic patients were .68, .67, and .75, respective-
ly for the three scores.

The Life Orientation Test-Revised, developed by Scheier,
Carver, and Bridges, was translated into Polish by R. Poprawa
and Z. Juczyński. The test consists of 10 items, 6 of which are
designed to measure dispositional optimism. The items are rated
on five-point scales (0—not at all true of me, 1—somewhat
untrue of me, 2—neither true nor untrue of me (neutral), 3—
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somewhat true ofme, 4—completely true ofme). The total score
derived from the six items was used in the study with higher
scores reflecting higher levels of self-perceived optimism.
Cronbach’s alpha coefficient was found to be .76 in a pilot study
(unpublished); in this study, it equalled .72 [10].

Additionally, data on patient’s age, body weight, and body
height were also gathered and body mass index (BMI) was
calculated and interpreted in accordance with the recommen-
dations of WHO. BMI assesses the risk of diseases associated
with overweight and obesity (including ischemic heart disease
and atherosclerosis).

Results

Demographic characteristics

Of the 110 patients, 88 (80 %) had type 1 diabetes and 22
(20 %) had type 2 diabetes. The patients were divided into
two groups: group 1 consisted of diabetic patients without
complications and group 2 consisted of patients with diabetic
complications and/or accompanying diseases. The two groups
did not differ significantly on age (t=−1.34; p=0.18; means
(and SD) for group 1 and group 2 were 35.90 (11.60) and 39.2
(14.2), respectively).

Disease complications

In group 2, the number of patients reporting complications and
diseases was as follows: 7 retinopathy, 6 polyneuropathy, 2
diabetic foot, 18 cardiovascular disease (e.g., hypertension,
coronary artery disease and cardiac arrhythmias), 19 thyroid
disease (e.g., hypothyroidism, Hashimoto’s thyroiditis,
Graves’ diseases), 8 digestive system conditions (e.g., food
allergy, irritable bowel syndrome, celiac disease, anaemia, ul-
cers), 12 osteoarticular system (e.g., connective tissue disease,
the intervertebral discs, arthrosis, osteoporosis, connective tis-
sue disease), 2 urinary system (e.g., urinary diseases), 4 respi-
ratory system (e.g., bronchial asthma), and 7 others (e.g., en-
dometriosis, Addison disease, and neurosis).

Differences on anthropometric parameters

The two groups of patients did not differ significantly on body
weight (t=−1.45; p>.05) and body height (t=1.63; p>.05)
(Table 1). The two groups, however, differed significantly
(t=−2.82; p<0.01) on BMI; patients with uncomplicated dia-
betes had BMI in the normal range (mean=23.81 kg/m2) and
patients with complicated diabetes and/or accompanying dis-
eases had higher BMI indicating overweight (mean=
26.39 kg/m2) (Table 1).

Differences between groups on optimism, health
suggestibility, and sense of health responsibility

A preliminary analysis using the Kolmogorov–Smirnov Z test
suggested that the normal distribution assumption was met for
all scales and subscales used in this study.

A multivariate analysis of variance (MANOVA) was per-
formed to test differences between the two groups of diabetic
patients on optimism, health suggestibility, and sense of respon-
sibility for health total score. The analysis revealed an overall
significant effect (Wilks’ lambda λ=0.93; F(3, 106)=2.75;
p<.05; Eta=.07). Thus, further univariate analyseswere conduct-
ed on each of the three variables by means of t tests (two-tailed).

As expected, group 1 diabetic patients without complica-
tions had significantly higher (t=2.03, p<.05, with Cohen’s
d=.38, small effect size) dispositional optimism scores
(mean=15.17, SD=3.94) than group 2 patients with complica-
tions and/or accompanying diseases (mean=13.59, SD=4.86).

Group 2 diabetic patients with complications scored signif-
icantly higher (t=−2.08, p<.05, with Cohen’s d=.39, small
effect size) on health suggestibility (mean=26.38, SD=3.65)
than group 1 patients without complication (mean=25.00;
SD=3.34). However, the two groups did not differ significant-
ly on sense of responsibility for health total score. Also, a
MANOVA on the two groups of patients did not differ signif-
icantly (F(2, 107)=2.32, p>.05) on the two sense of respon-
sibility subscales (adequate behaviour and active
involvement; see Table 2 for univariate t test results).

Correlations of optimism and health suggestibility
with sense of health responsibility

In group 1 diabetic patients without complications, optimism
had significant positive correlations with the sense of respon-
sibility for health total score (r=0.34; p<.01) and its two sub-
scales, adequate behaviour (r=0.37; p<.01) and active in-
volvement (r=0.30; p<.05). However, in group 2 patients
with complications, both dispositional optimism and health
suggestibility had no significant correlations with health sense
of responsibility (Table 3). Z tests for testing differences in
independent correlations (two-tailed) between the two groups
showed no significant differences on any of the correlations,
suggesting lack of moderation effects due to complications.

Discussion

As expected, the two diabetes patient groups (with and with-
out complications) did not significantly differ on the general
level of sense of responsibility for health. This result is under-
standable given that both groups of patients were diabetic and
they need to be conscientious to actively follow through their
medical regimen to keep their disease in check.
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The two patient groups differed significantly on health sug-
gestibility and dispositional optimism. Although it is tempting
to conclude that patients with complications are more suggest-
ible and less optimistic than patients without complications,
the small effect sizes associated with these differences suggest
caution in interpreting these results warranting further study.
Furthermore, the differences are confoundedwith groupmem-
bership—that is, there were simplymore suggestible people in
group 1 and fewer optimistic people in group 2 and the differ-
ences have no relationship with complications or not having
complications. In any case, one might ask what might contrib-
ute to the differences between the two patient groups on health
suggestibility and optimism, if in fact they exist? It is possible
that patients with complications seek out alternative treat-
ments and, consequently, are more likely to be open to sug-
gestions, but tend to be less hopeful that something would
work better—things didn’t work before, how can we expect
them to work now? The effect size associated with these dif-
ferences was possibly small because the suggestibility and
optimism were measured as trait (relatively stable) variables
and not as state variables.

These results do not, however, reflect the importance of sug-
gestibility and optimism to treatment outcomes, as no data were
gathered on treatment outcomes. A future study should examine
the possibility of improving treatment outcomes by having doc-
tors address these factors when working with patients.
Suggestibility and optimism are not necessarily positive traits—
since high levels of bothmay lead to trying out quack treatments,
leading to poor health outcomes or other complications. Some
degree of suggestibility and optimism may be helpful to treat-
ment outcomes, but these are matters for further investigation.

An interesting finding was that correlations of health sug-
gestibility and optimismwith sense of responsibility for health
were significant in group 1 patients without complications, but
not in group 2 with complications. The differences in correla-
tions between the two groups were not significant, possibly
because of small sample size in each group. If the differences
are due to chance as our results suggest, then one might argue
that health suggestibility and optimism correlate equally well
with their sense of responsibility for health in all diabetic
patients. If the differences in correlations were significant,
then it would not be easy to explain as to what factors might

Table 1 Groups’ anthropometric parameters

Dependent variable Group Mean SD Std. error 95 % confidence interval t value p value Cohen’s d

Lower bound Upper bound

Body weight (kg) 1 70.77 15.52 2.31 66.19 75.35 −1.45 0.15 −0.28
2 75.54 18.98 2.36 70.87 80.20

Body height (cm) 1 171.63 9.46 1.26 169.14 174.13 1.63 0.11 0.31
2 168.70 9.39 1.28 166.16 171.25

BMI (kg/m2) 1 23.82 4.01 0.64 22.55 25.09 −2.82 0.01 −0.53
2 26.40 5.48 0.65 25.11 27.69

Group 1—diabetes without complications and accompanying diseases (n=56), group 2—diabetes with complications and/or accompanying diseases
(n=54), SD—standard deviation, t value—value for independent groups, p value—type 1 error probability (two-tailed)

Table 2 Differences in patients with and without complications on selected personality characteristics

Dependent variable Group Mean SD Std. error 95 % confidence interval t value p value Cohen’s d

Lower bound Upper bound

Dispositional optimism 1 15.32 3.94 0.60 14.14 16.51 2.03 0.05 0.38
2 13.59 4.86 0.61 12.39 14.80

Health suggestibility 1 25.00 3.35 0.47 24.07 25.93 −2.08 0.04 −0.39
2 26.39 3.66 0.48 25.44 27.33

Adequate behaviour 1 20.96 2.52 0.34 20.30 21.63 0.97 0.34 0.18
2 20.50 2.52 0.34 19.82 21.18

Active involvement 1 21.66 5.08 0.60 20.48 22.84 −1.22 0.22 −0.23
2 22.70 3.73 0.61 21.50 23.91

The general level of health
sense of responsibility

1 42.63 6.83 0.82 41.01 44.24 −0.50 0.62 −0.09
2 43.20 5.24 0.83 41.56 44.85

Group 1—diabetes without complications and accompanying diseases (n=56), group 2—diabetes with complications and/or accompanying diseases
(n=54), SD—standard deviation, t value—value for two independent groups, p value—type 1 error probability (two-tailed)
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have contributed to such results. Thus, further study is needed
to see if the current results are replicated.

In summary, it should be noted that this study was of a
correlational nature and thus no cause and effect relationships
can be drawn as to the effects of complications on the vari-
ables or the relationships among the variables. Further re-
search is warranted that includes treatment regimen compli-
ance as a variable. It would also be helpful to understand by
interviewing patients with complications as what might have
contributed to their higher suggestibility and lowered opti-
mism scores. In this study, suggestibility and optimism differ-
ences are confounded with group membership and measured
as trait variables. A long-term study of patients before and
after they develop complications may help provide useful in-
formation on changes in suggestibility, optimism, and sense of
responsibility for health.
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Table 3 Correlations of optimism and health suggestibility with sense of health responsibility

Analysed variables Adequate
behaviour

Active
involvement

The general level of
sense of responsibility
for health

Group 1—diabetes without complications and accompanying diseases

Dispositional optimism r 0.37 0.30 0.34

p 0.01 0.02 0.01

Health suggestibility r 0.13 0.06 0.10

p 0.16 0.33 0.24

Group 2—diabetes with complications and/or accompanying diseases

Dispositional optimism r 0.05 0.12 0.11

p 0.36 0.20 0.22

Health suggestibility r -0.01 0.18 0.12

p 0.46 0.10 0.19

r—Pearson’s correlation coefficient, p—type 1 error probability (two-tailed)
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Abstract Mortality in diabetic ketoacidosis (DKA) among
children has been reported to be 0.3–3 % in developed coun-
tries. Based on the limited data from developing countries, the
mortality reported is as high as 13.4 %. A prospective study
was conducted to identify the factors leading to high mortality
in children with DKA in South India. This was a study of 118
episodes of DKA among children, admitted in a pediatric
tertiary care center at Chennai. Clinical presentation, labora-
tory parameters at admission, parameters during treatment,
and complications were considered as risk factors. All chil-
dren were followed up till discharge from hospital or death.
Univariate and multivariate analyses for risk factors were un-
dertaken. Altered sensorium and higher osmolality at admis-
sion, delayed diagnosis, cerebral edema, shock, renal failure,
and sepsis were the major risk factors associated with mortal-
ity in multivariate analysis. Cerebral edema was encountered
in 23.7 %, shock in 12.7 %, sepsis in 11 %, and renal failure in
9.3 %. The overall mortality rate was 11%. Delayed diagnosis
may be the root cause for highmortality in children with DKA
in developing countries. There is an urgent need to create
awareness among physicians, teachers, and parents to avoid
a delay in diagnosis and decrease the mortality in children
with DKA. Higher incidence of cerebral edema, shock, renal

failure, and sepsis are unique problems identified in this study.
There is a need for further studies on fluid management of
shock, strategies for management of renal failure in DKA,
and use of antibiotics in DKA in developing countries.

Keywords DKA .Mortality . Renal failure . Shock . Sepsis .

Cerebral edema . Risk factors

Introduction

Diabetic ketoacidosis (DKA) is one of the medical emergen-
cies in children with diabetes mellitus (DM).Mortality rates in
children with DKA from developed countries vary from 0.3 to
3 % [1–5]. Existing data from developing countries have
shown mortality rates varying from 3.4 to 13.4 % [6–15].
Cerebral edema is the major contributing factor for death in
DKA from developed countries. However, the data is different
from developing countries. In addition to cerebral edema, sep-
sis, shock, and renal failure have been identified as contribu-
tory factors for mortality. Similar data from developing coun-
tries like India, Pakistan, and Bangladesh are very recent.
There are no prospective studies from developing countries
to address the factors associated with mortality in DKA
among children. The root cause for existing high mortality
in developing countries needs to be addressed. It is mandatory
to identify the factors associated with increased mortality so
that they can be addressed to effectively reduce death in DKA.
The Institute of Child Health and Hospital for Children, Chen-
nai, is a pediatric tertiary care referral center, which treats large
numbers of children with DKA. Hence, this study was under-
taken to identify the risk factors associated with mortality in
children with DKA from South India.
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Methodology

This prospective study was conducted at the pediatric intensive
care unit (PICU) of a tertiary referral center at Chennai, South
India, between 2009 and 2013. All children aged less than
12 years and diagnosed to have DKA during the study period
were included.The sample sizewas calculatedbasedon thepilot
data fromtheretrospectivestudyundertakenat thesameinstitute,
with type 1 error at 5%, power of 80%, and estimatedmortality
of 12 %. The sample size based on this was arrived to be 117
episodes of DKA. Children with recurrent episodes of DKA
needing admission were also included for analysis, as the risk
factorswere different for each episode.Children partially treated
elsewhere and referred to our institute and whose initial details
were not traceable were excluded. Study variables were socio
demographic factors: age, gender, new onset DKA or DKA
among theestablisheddiabetes,diabeticage,numberofprevious
medical consults for this illness, initial diagnosis, delayed diag-
nosis, delay in treatment, precipitating factors for DKA among
diabetic children, infections, poor compliance to therapy, and
poorsocial support.Variablesatadmissionwereclinical features,
hemodynamic status, sensorium, blood glucose, serumosmolal-
ity, bloodgases, aniongap, severity ofDKA, azotemia, and elec-
trolytes. Fluidbolusgiven for resuscitationof shockwas studied.
Variablesduring therapywere serumosmolality at 6h; serumpH
at 6 h; duration of insulin infusion; duration of acidosis;
dyse lec t ro ly temia—hypokalemia , hyperkalemia ,
hyponatremia, andhypernatremia; recoveryof acidosis; cerebral
edema; shock; sepsis; infections; acute respiratory distress syn-
drome (ARDS); acute renal failure; rhabdomyolysis; and
HBA1C levels. All children were treated at the PICU and were
followed up to discharge from hospital with recovery or death.

Data were analyzed using Epi Info™ 7.1.1.0 and SPSS
software. Proportions were calculated. Student’s t test/Fisher’s
exact as appropriate in the case of parametric data and Mann-
WhitneyU test in case of non-parametric data were used. As a
part of risk factor analysis, children who died were classified
as group 1 and children who survived were classified as group
2. Comparison of study parameters between the two groups
was undertaken and risk factors analyzed. P<0.05 was con-
sidered as significant. Variables found to be significant by
univariate analysis were entered into multivariate analysis
for significance. This study was approved by the institutional
ethical board, ethical committee of Madras medical college,
Chennai and informed written consent was obtained from the
parents or caregivers of these children.

Case definitions used for the study are as follows: new
onset DKA—children diagnosed to have diabetes for the first
time and presenting with DKA; criteria for DKA, hyperglyce-
mia—blood glucose ≥200 mg/dl; venous pH <7.3 or bicar-
bonate <15 mmol/l; ketonemia and/or ketonuria; diabetic
age—duration of diabetes in completed years; number of pe-
diatric consults—number of physician visits for this illness

until the diagnosis of diabetic keto acidosis; initial diagno-
sis—diagnosis entertained by the first physician for this ill-
ness; delayed diagnosis—any child with DKA who was not
diagnosed to be DKA at the time of the first health-care con-
sult was considered as delayed diagnosis; missed diagnosis—
any alternate diagnosis given by the treating physician for this
episode of illness, prior to admission in the PICU was consid-
ered as missed diagnosis; delayed treatment was defined when
the appropriate treatment for DKAwas not commenced within
3 h of diagnosing DKA; precipitating factors for DKA among
diabetic children were inadequate management during inter-
current illness and poor compliance to therapy; poor compli-
ance to therapy was defined as missing one or more doses of
insulin or inappropriate reduction of the prescribed insulin
dose without indication or medical advice. Poor social support
or unstable family circumstance was defined by the presence
of any one of the following parameters—single parent or lack
of both parents, unsupervised insulin self-injections, lack of
blood glucose monitoring at home or unsupervised blood glu-
cose monitoring at home, child not attending school for rea-
sons other than hospitalization for a duration more than
1 month, and lack of regular follow-up at the diabetic clin-
ic—defined as no follow-up visit for more than 12–16 weeks;
hemodynamic status—the presence or absence of shock;
shock was defined as tachycardia; and signs of poor end organ
perfusion, as defined by poor peripheral pulses with normal
central pulses, prolonged capillary refill (more than 3 s) or
flash refill, altered sensorium, cool extremities and decreased
urine output. Normotensive shock was considered if blood
pressure was normal. Hypotensive shock was considered if
systolic blood pressure was below the fifth percentile for
age. Septic shock was considered with tachycardia and signs
of poor end organ perfusion, as defined by poor peripheral
pulses with normal central pulses, prolonged capillary refill
or flash refill, altered sensorium, cool extremities, decreased
urine output, with hypothermia or hyperthermia, tachypnea,
leukocytosis, or leucopenia in the background of suspected or
confirmed infection. Sensorium grading at admission using
the AVPU scale, A—alert, P—responsive to pain, V—respon-
sive to verbal stimuli, and U—unresponsive. Pain responsive-
ness and unresponsiveness were considered as altered senso-
rium . Blood glucose—bedside estimation using glucometers,
was confirmed by laboratory estimation of blood glucose.
Serum osmolality—calculated osmolality—2Na+Gl in mg/
dl/18 expressed as mOsm/kg. Blood gases as measured by
ABL80 machine at the PICU. Anion gap calculated as Na
−(Cl+HCO3). Severity of DKA as: mild—venous pH <7.3
or bicarbonate <15 mmol/L; moderate—venous pH <7.2 or
bicarbonate <10 mmol/L; and severe—venous pH <7.1 or
bicarbonate <5 mmol/L. Azotemia was defined as blood urea
more than 40 mg/ dl. Corrected sodium (actual sodium) was
measured Na+1.6 ([glucose—100]/100) mg/dl. The duration
of insulin infusion was the time between commencements of
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insulin infusion and subcutaneous insulin. Recovery of acido-
sis was the time taken from onset of treatment of DKA to
attain a pH of 7.36 and/or bicarbonate of 15 mEq/L. Hypoka-
lemia is defined as serum K of <3.5 mEq/L, hyponatremia
serum Na of <135 mEq/L, hyperkalemia serum K of
>5.5 mEq/L, hypernatremia serum Na >150 mEq/L, and hy-
poglycemia blood glucose of <70 mg/dl. Criteria for cerebral
edema are as follows: cerebral edema was diagnosed with one
of the diagnostic criteria or twomajor criteria or onemajor and
two minor criteria [5]. Diagnostic criteria are as follows: ab-
normal motor or verbal response to pain, decorticate or decer-
ebrate posture, cranial nerve palsy (especially 3, 4, and 6),
abnormal neurogenic respiratory pattern (e.g., Cheyne-
Stokes respiration and apneusis). The major criteria are altered
mental status/fluctuating level of consciousness, sustained
heart rate deceleration (decline more than 20 bpm) not attrib-
utable to impaired intravascular volume or sleep state, and age
inappropriate incontinence. The minor criteria are vomiting,
headache, lethargy or being not easily aroused from sleep,
diastolic pressure >90 mmHg, and age <5 years. Infections:
the presence of fever in DKA was considered as infection to
start antibiotics. This was categorized as sepsis, bronchopneu-
monia, urinary tract infection, skin and soft tissue infection,
otitis media, and acute CNS infection based on clinical and/or
radiological or other laboratory investigations. If there was no
identifiable focus of infection, it was categorized as fever
without a focus. Isolated mucosal candidiasis of the external
genitalia or oral cavity was not considered as an infection
predisposing to DKA. Sepsis was defined as follows: docu-
mented blood stream infection and/or two of the four systemic
inflammatory response syndrome (SIRS) criteria . SIRS was
defined as temperature more than 38 °C or less than 36 °C,
tachycardia or bradycardia for age, tachypnea, and leucopenia
or leukocytosis. ARDS: acute onset, bilateral CXR infiltrates,
non-cardiac etiology, and PaO2/F1O2 ratio <200. Acute renal
failure—as defined by pediatric modified RIFLE [16] criteria,
is the estimated creatinine clearance decrease by 75 % or es-
timated creatinine clearance less than 35 ml/mt/1.73 m2 or
urine output less than 0.3 ml/kg/h for 24 h or anuria for
12 h. Children with azotemia at presentation whose values
normalized at less than 6 h of fluid therapy were considered
to be prerenal. Rhabdomyolysis was defined as raised CPK
levels more than three times the upper limit of normal with or
without myoglobinuria and renal failure. HBA1C levels
≤7.5 %—was considered good glycemic control >7.5 %—
was considered poor glycemic control.

Results and analysis

During the study period, 120 episodes occurred among 102
children, of which two episodes among two children were
excluded as their initial parameters were not available for
analysis. The study included 118 episodes of DKA among

100 children. Ninety-two children had one episode, two chil-
dren had two episodes each, four children had three episodes,
and one child each had four and six episodes. Among these
eight children with more than one episode, seven were girls.
Age distribution revealed increasing numbers of children with
increasing age. Male to female ratio was 1:1.7. Sixty-eight
episodes (57.6 %) were among new onset diabetic children
and 50 episodes (42.4 %) were among children with
established diabetes. Sixteen percent of DKA among children
with established diabetes and 64.7 % of new onset DKA had
delay in diagnosis. Of the infants, 85.7 % had delayed diag-
nosis in comparison to 58 % among school-going children.
The reasons for delay in the diagnosis were lack of parental
awareness about diabetic symptoms, lack of awareness among
physicians, and delay in transport to an appropriate center
where a structured diabetic care team was available. The re-
ferral diagnosis in DKA children were UTI, acute febrile ill-
ness, bronchopneumonia, bronchiolitis, sepsis, myalgia, renal
failure, septic shock, acute encephalopathy, acute abdomen,
constipation, acute CNS infection, and pancreatitis. Among
children with established diabetes single parents, lack of ade-
quate blood glucose monitoring at home, unsupervised injec-
tions at home, and school dropouts were common. Preadmis-
sion therapy was hypotonic fluids, intravenous boluses for
dehydration, bicarbonate therapy without indication, use of
antiemetic drugs exclusively, continuing subcutaneous insulin
in routine doses despite severe acidosis, and insulin boluses.
Finger prick estimation of blood glucose was not done as a
routine by the consulting physicians even in sick children.
This study revealed only 11 children to have undergone a
finger prick estimation of blood glucose during physician
consultation.

History revealed polyuria, polydipsia (97 %), breathless-
ness (86 %), vomiting (80 %), altered sensorium (70 %), fever
(56 %), dehydration (41 %), abdominal pain (35 %), and
leucorrhea (8.4 %). Leucorrhea was encountered in 24 chil-
dren on examination but was overlooked by parents or care-
givers in majority of the children. At the emergency room,
only 42%were alert, 27%were verbal responsive, 26%were
pain responsive, and 5 % were unresponsive. Of the children,
12.6 % were presented with shock at the emergency room. Of
the episodes, 45.8 % were severe DKA, 30.5 % were moder-
ate episodes, and 23.7 % were mild episodes. Clinical features
at admission are summarized in Table 1.

Univariate analysis of the clinical features at presentation
revealed the presence of altered sensorium (being pain respon-
sive or unresponsive) and shock to be significant factors asso-
ciated with mortality in DKA. Age, gender, and new-versus-
known diabetic children did not reveal any statistically signif-
icant difference as a risk factor for mortality. However, delay
in diagnosis was identified to be a statistically significant risk
factor for mortality with a p value of 0.001 (11 of the 52 with
delay versus 2 of the 66 without delay; odds ratio (OR) 8.5
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(1.8–40.7). Biochemical parameters at admission are shown in
Tables 2 and 3 and during therapy in Table 4.

Among the dyselectrolytemia encountered, hypernatremia
(p=0.00) and declining trend of sodium (p=0.001) were sig-
nificant among children who died in comparison to those who
survived. Hyponatremia (p=0.54), hypokalemia (p=0.08),
and hyperkalemia (p=0.001) did not reveal any significant
difference. Among the other risk factors, sepsis (p=0.00), re-
nal failure (p=0.00), shock (p=0.00), and cerebral edema (p=
0.00) were found to be statistically significant among those
who died of DKA. All the factors significant in univariate
analysis were subjected for backward regression multivariate
analysis, and the findings are summarized in Tables 5 and 6.
Mean HBA1C among the two groups did not reveal any sig-
nificant difference. Among the 13 children who died, the ma-
jor problems encountered were cerebral edema in 12, shock at
admission in 12, delayed diagnosis in 11, acute renal failure in
8, culture-proven sepsis in 8, and ARDS in 1 child. Cerebral
edema was diagnosed as per clinical criteria and was diag-
nosed in the majority of children (26 out of the 28) within
the first 6 h of therapy. The documented serious infections in
children with DKA were UTI (14), culture-positive sepsis
(13), skin and soft tissue infections (12), bronchopneumonia

(5), and mucormycosis (2). Though fever was considered as
infection to start antibiotics, not all children with fever had an
identifiable focus of infection, and children without fever at
presentation did have documented infections with DKA.
Combinations of multiple problems were encountered chil-
dren with DKA in this study.

Risk-factor-related mortality for renal failure is 72.7 % (8
out of 11), sepsis is 57 % (8 out of 14), shock is 53.3 % (8 out
of 15), cerebral edema is 42.8 % (12 out of 28), and for de-
layed diagnosis, it is 21 % (11 out of 52). Summary of all the
risk factors by univariate and multivariate analyses are shown
in Table 7.

Discussion

Delayed diagnosis, altered sensorium in the form of pain re-
sponsive or unresponsive at admission and increased serum
osmolality at admission, increased incidence of cerebral ede-
ma, sepsis, renal failure, shock are the major factors identified
for the increased mortality in DKA. Some of these factors
have already been reported to be risk factors for mortality in
DKA. Zabeen et al. [15] reported cerebral edema in 7.5 % and
renal failure in 3.7 %. Mortality was 13.4 %. The causes of
death were cerebral edema, septicemia, and pneumonia.
Madiha et al. [7] reported shock at presentation in 19.3 %
and sepsis in 4.5 %. Cerebral edema was encountered in
6.8 %. The overall mortality was 3.4 %. Cerebral edema,
sepsis, and ARDSwere the causes of death in DKA. Jeyashree
et al. [9] reported hypokalemia in 41 %, hypoglycemia in
15 %, cerebral edema in 13.2 %, and pulmonary edema in
3 %. Overall mortality was 13.2 %. Osmolality at admission
was the only significant factor associated with mortality. Sep-
tic shock, cerebral edema, pulmonary edema, and hypokale-
mia with ventricular tachycardia were the causes of death.

Table 1 The univariate analysis
of the clinical features Clinical features Non-survivors (13) Survivors (105) P (significance <0.05)

Polydipsia 12 94 0.585

Polyuria 12 98 0.61

Abdominal distension 2 12 0.65

Abdominal pain 5 36 0.762

Dehydration 9 41 0.07

White discharge 5 20 0.14

Weight loss 6 54 0.77

ALOC 12 71 0.05*

Shock 8 7 0.00001*

Breathlessness 11 91 0.55

Fever 10 51 0.076

Vomiting 12 78 0.296

*p value <0.05

Table 2 Profile of biochemical parameters at admission

Parameters Median Range

Glucose (mg/dl) 509.5 200–922

Osmolality (mOsm/kg) 301.5 271–363

Bicarbonate (mg/dl) 5.05 1–14

Initial pH 7.08 6.7–7.38

PaCO2 15 5.3–58

Base deficit −23.3 −6.6–36.8
Anion gap 27.8 17.5–39
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Lokesh Kumar et al. [10] from India reported hypotensive
shock in 48.1 % and cerebral edema in 26 %. Overall mortal-
ity was 9 %. Cerebral edema was the major cause of death.
Kanwal SK et al. [11] published that the mortality was 12.7%,
with cerebral edema with or without renal failure and sepsis
accounting for most of the deaths. They reported cerebral
edema in 14.5 %, renal failure in 7.2 %, and infections in
16.3 %. Prasad et al. [12] reported mortality to be 12.5 %.
The adverse outcome was reported as 17.5 %.

Altered sensorium at admission is probably due to severe
dehydration, shock, severe acidosis, or cerebral edema at ad-
mission. Among the biochemical parameters, higher osmolal-
ity at presentation was significantly associated with death in
DKA. This may be a consequence of severe dehydration at
presentation following delay in diagnosis of DKA. The report-
ed incidence of cerebral edema varies from 0.1 to 1 % in the
developed countries. The case fatality rate varies from 20 to
90 % in different studies. Incidence of cerebral edema in this
study was 23.7 %, and the case fatality rate was 42.8 %. The
rate of occurrence of cerebral edema is much higher in this
study. The risk-factor-related mortality in DKA in developed
countries and developing countries is nearly the same. Hence,
factors predisposing for such high occurrence of cerebral ede-
ma needs to be identified. This high incidence of cerebral
edema is similar to the existing literature based on retrospec-
tive data from India.

Among the other risk factors, sepsis needs to be identified
early and appropriate antibiotics be prescribed. Sepsis was
encountered in 12 % of the children with a case fatality rate
of 75 %. For the purpose of this study, only culture-proven
cases have been considered as sepsis. Overall infections have
been identified as risk factors for mortality in various studies
in developing countries [7–10, 17]. Infections in DKAworsen
the metabolic control of glucose due to insulin resistance and
also leads to MODS resulting in poor outcome in DKA. It is
difficult to identify children with sepsis in DKA by clinical
examination at presentation. Fever in DKA signifies infection
unless proved otherwise; however, it is difficult to identify the
focus of infection in all children with fever. Also infections
can be present without fever in DKA. The clinical signs and
laboratory parameters of sepsis and severe dehydration over-
lap in children with DKA. Parameters like tachypnea, tachy-
cardia, delayed capillary leak, shock, and hypotension are
common for hypovolemia and sepsis in children with DKA.
Similarly, leucocytosis in children with DKA can be a stress
response rather than infection in DKA. Occurrence of infec-
tions is high in DKA, and sepsis is a significant risk factor for
mortality in this study. Hence, it may be ideal to start antibi-
otics in DKA until infection has been ruled out among the
children from developing countries.

Renal failure in DKA is associated with significant mortal-
ity in DKA. The incidence of renal failure in this study was

Table 3 Univariate analysis of the biochemical variables at admission

Parameter Non-survivors (13) median and range Survivors (105) median and range H statistic P

Blood glucose (mg/dl) 600 (200–922) 500 (245–827) 2.11 0.145

Sodium (mEq/L) 140 (130–165) 136.1 (125–150) 6.00 0.01*

pH 6.9 (6.7–7.1) 7.1 (6.72–7.38) 15.38 0.00*

Potassium (mEq/L) 4.7 (1.5–6) 4.2 (2.7–7) 2.25 0.13

Bicarbonate (mg/dl) 3 (1–9) 5.5 (1.2–15) 6.57 0.01*

PaCO2 11 (6.8–20) 16 (5.3–58) 9.88 0.00*

Anion gap 31 (28.4–39) 27 (17–39) 4.6 0.03*

Urea (mg/dl) 48 (18–134) 34 (15–120) 5.5 0.02*

Osmolality (mOsm/kg) 313 (293–363) 300 (277–329) 9.60 0.00*

Total count (cell/cumm) 15,000 (4500–34,000) 12,000 (1790–45,000) 2.4 0.16

*p value <0.05

Table 4 Comparison of biochemical parameters during therapy

Parameter (median) Non-survivors Survivors Chi-square/H P

pH at 6 h 6.96 7.3 25.2 0.00*

Osmolality at 6 h (mOsm/kg) 310 290 20.6 0.00*

Anion gap at 6 h 31 20 18.1 0.00*

Duration of acidosis in hours 63 19 18.6 0.00*

Time to reach blood glucose <250 mg/dl h 12 6.75 4.09 0.04*

*p value <0.05
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9.3 %. Literature from developing countries have reported this
as a complication in DKAvarying from 3.7 to 11.5 %[11, 15,
18, 19]. The case fatality rate of renal failure in DKA is
72.7 %. Mortality in DKA with renal failure has been previ-
ously documented as 40 %[20]. Acute renal failure is second-
ary to sepsis or is a consequence of hypovolemia and shock
resulting in acute tubular necrosis aggravated by delay in di-
agnosis. Standard protocols do not provide guidelines for
acute renal failure in DKA as this was not identified as a major
risk factor for mortality in developed countries. Restriction of
fluids, use of bicarbonate therapy, avoiding potassium replace-
ment, peritoneal dialysis, and smaller doses of insulin were the
major strategies used for management for renal failure in
DKA in this study.

Shock in DKA has not been reported as a major risk factor
from developed countries. But studies from developing coun-
tries like India, Bangladesh, and Pakistan have documented
shock as a risk factor in children with DKA [7–10]. In this
study, shock was encountered in 15 children (12.8 %) and the
shock-related fatality is 53.3 %. One must be vigilant to rec-
ognize shock in children with DKA as the management with
vigorous fluid may potentiate the risk of cerebral edema. The
presence of shock indicates severe hypovolemia with delayed
presentation or associated sepsis. Increased fluid for resusci-
tation was not identified to be a significant risk factor for
mortality in children with DKA in multivariate analysis.
Whether too little or too much of fluid is a risk factor for
mortality in DKA is controversial. The data from western
literature on fluids in DKA cannot be extrapolated as sepsis

and shock are peculiar problems in developing countries [18].
Children with DKA and shock in developing countries may
need more fluids for resuscitation of shock. However, there is
a need for further studies on fluid therapy for shock in DKA.

In this study group, 64.7 % of the new onset DKA had
delay in the diagnosis. Delayed diagnosis of diabetes in chil-
dren has been recently reported to be a risk factor for presen-
tation of DKA by the International Society of Pediatric and
Adolescent Diabetes (ISPAD) [21]. Delay in diagnosis of DM
is the major cause of DKA at presentation, ranging from 16 to
51 % [5, 22–25]. However, there are no published studies
identifying the role of delayed diagnosis of DKA on its out-
come in children. Delay in the diagnosis may be the root cause
for increased mortality in children with DKA in developing
countries. Hence, emphasis needs to be given for earlier diag-
nosis of DKA by creating awareness programmes for the pub-
lic and physicians. Display of posters with DKA signs in
common places like schools and places where public gather-
ing occurs may help to increase awareness. Such posters can
be displayed at physician clinic, too. This has helped in the
past to decrease the occurrence of DKA in children signifi-
cantly based on the study at Parma in Italy and in Gosford and
Sydney [26–29]. There was a significant reduction in the oc-
currence of DKA in both new onset and among children with
established diabetes. There had been no reported case of DKA
in the intervention area even after 8 years of completion of the
intervention. This may be a useful intervention to prevent
delayed diagnosis of DKA. However, there are reports of no
benefit following such interventions in study by Lansdown
et al. [30].

Since the majority of the factors for mortality are preadmis-
sion factors, less likely to be related to therapy, it may be

Table 5 The multivariate analysis of the risk factors for death at
admission

Variables SE P value Adjusted OR 95 % CI for OR

Lower Upper

Shock 1.373 *0.003 57.862 3.927 852.578

Altered sensorium 1.262 *0.020 18.796 1.583 223.188

Delayed diagnosis 1.234 *0.040 12.595 1.122 141.396

Osmolality .053 *0.018 1.133 1.021 1.258

*p value <0.05

Table 6 The multivariate analysis of risk factors for death during
therapy

Variables SE P value OR 95 % CI for OR

Lower Upper

Cerebral edema 1.387 0.004* 52.322 3.451 793.291

Sepsis 1.225 0.011* 22.173 2.009 244.684

Acute renal failure 1.066 0.025* 10.910 1.350 88.184

*p value <0.05

Table 7 Summary of risk factors for death in DKA by univariate and
multivariate analyses

Factors at admission Factors during
therapy

Other factors

Delayed diagnosisa Lower pH at 6 h Cerebral edemaa

Shocka Duration of acidosis Sepsisa

Altered sensoriuma High osmolality at
6 h

Shock needing
inotropes

Fluids more than 40 ml/kg
at ER

High anion gap at 6 h Renal failurea

Hypernatremia Duration of
hyperglycemia

High osmolalitya

Lower pH (severe DKA) Hypernatremia

High anion gap Declining trend of
sodium

Low PaCO2

High urea creatinine

a Significant by multivariate analysis
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understood that emphasis should be laid on prevention of
DKA by increasing the awareness about diabetes mellitus
and DKA among the parents and physicians.

Conclusions

The conclusions derived from this study are the following:

& Occurrence of cerebral edema (23.7 %) is high and is still
a major cause of death in DKA.

& Sepsis (11 %), shock (12.7 %), and renal failure (9.3 %) are
other major factors associated with high mortality in DKA.

& Altered sensorium and increased osmolality at admission
are other major risk factors for mortality in DKA.

& Treatment-related factors’ contributing to mortality are min-
imal, and the majority of them are preadmission factors.

& Infusion of more than 30 ml/kg of normal saline for initial
resuscitation of shock is not a risk factor for mortality by
multivariate analysis.

& The root cause for mortality in DKA in children may be
due to the delayed diagnosis (44 %).

& Finger prick estimation of blood glucose is underutilized
in diagnosis of DKA in children.

& Avoiding delay in diagnosis is the only preventable cause
identified.

Recommendations

Suggested recommendations for this study are as follows:

& There is an urgent need to increase the awareness among
the public and physicians about DKA by hanging up of
posters in public places, schools, and physician clinic
which may be helpful to create awareness.

& Performing a finger prick capillary blood glucose in a sick
child should be mandatory at all levels of care.

& High risk alert from labs for hyperglycemia and glycosuria
in children may help early diagnosis.

& Children with DKA in developing countries may need
antibiotics at admission until sepsis screening is negative.

& Children with DKA and shock from developing countries
may need more fluids than conventional recommendation.

& There is an urgent need for studies on management strat-
egies for renal failure and shock in DKA due to limited
evidence.
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Abstract Diabetes is a prevalent health problem in develop-
ing as well developed countries. Previous study advocates for
diabetes self-management education (DSME) among dia-
betics. In this study, we have examined the association of
sociodemographics and technology use with health literacy
among type 2 diabetic individuals. This exploratory cross-
sectional study was performed by enrolling a convenient sam-
ple of 100 type 2 diabetes mellitus (T2DM) patients.
Individuals of age 18 years or above were enrolled during
regular outpatient visit to the diabetic clinic of Saveetha
Medical College in Chennai, a metropolitan city in southern
state of India in August 2013. A modified version of previ-
ously validated questionnaires was used for gathering infor-
mation on sociodemographic characteristics, technology use
assessments, diabetes-related information, health literacy, and
health information-seeking behavior. Results of the study
showed that majority of the individuals had received some
form of diabetes education from their doctor at the time of
diagnosis. However, 56 % of the participants had difficulty

(sometimes to always) in understanding the health informa-
tion provided by the healthcare professional. Individuals who
had access to computer and Internet at home or work required
less support for reading instructions, pamphlets, or other writ-
ten material from the doctor or pharmacy. Individuals having
access to technology had higher health literacy as compared to
individuals with no access. Technology can act as potential
enabler for improving the health literacy. Future research is
warranted to identify most cost-effective, feasible, and acces-
sible technology medium for providing diabetes self-care
management education.

Keywords Diabetes . Technology . Health literacy . Health
information

Introduction

Chronic diseases have surpassed infectious disease as leading
cause of death and disability around the globe [1]. Chronic
disease conditions place additional burden on healthcare sys-
tem and families of patients [2]. Diabetes is one of the chronic
diseases which is increasing worldwide and needs attention
for its management [3]. It occurs when the pancreas is unable
to synthesize insulin or the body is incapable to utilize the
available insulin [4]. Impaired glucose tolerance and impaired
fasting glycemia are risk categories for future development of
diabetes and cardiovascular disease [5].

Global number of people with diabetes was 382 million in
year 2013 and is estimated to reach 592 million by year 2035
[3]. World Health Organization (WHO) had projected that
diabetes will be the seventh leading cause of death by 2030
[6]. More than 80 % of diabetes death occurs in low- and
middle-income countries [6]. Diabetes caused 5.1 million
deaths in year 2013 of which greatest numbers of diabetes
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patients were in 40–59 years of age [3]. Global healthcare
expenditure on diabetes in 2013 was at least US$548 billion
which is 11 % of total healthcare expenditure on adults [3].
India is the second largest contributor to global diabetes bur-
den after China; number of people with diabetes in India was
65.1 million in year 2013 and is projected to increase to 109
million by year 2035 [3]. India is facing an epidemic of dia-
betes, with high prevalence in urban settings [7]. In the past
30 years, diabetes has increased to 12–18% in urban areas and
3–6 % in rural areas with significant regional variations [7].
These rates are 50–80 % higher than China [7]. A cross-
sectional household study on adults and elderly age group,
in rural Tamaka, Kolar, showed that only 50.8 % of the par-
ticipants heard about diabetes and only 26.8 % of non-
diabetics and 74.2 % of diabetics were aware of its complica-
tions [8]. Past study in Chennai has shown that 80.9 % of the
participants knew about the condition known as diabetes and
48.2 % knew about its complications [9].

Diabetes self-management education (DSME) is a criti-
cal element of care for diabetic patients and is necessary to
improve the patient’s outcome [10]. A comparative study of
portion control diet (PCD) and DSME-based intervention
showed higher decline of HbA1c in PCD (0.7 %) partici-
pants than DSME participants (0.4 %) [11]. A previous
qualitative study results showed that there should be em-
phasis on nurse-based diabetes education [12]. Diabetes
education and awareness program was launched in state of
Gujarat, India, in June 2012, and its results showed higher
proportion of female (52 %) beneficiaries [13]. Previous
study had shown indirect effect of health literacy on diabe-
tes self-care [14]. There is a need of understanding various
perspectives and possible opportunities in building diabetes
management education module to minimize the healthcare
burden.

The aim of this study was to examine the association of
sociodemographics and technology use with health literacy
among individuals with type 2 diabetes.

Methods

An exploratory cross-sectional study was performed by en-
rolling a convenient sample of 100 type 2 diabetes mellitus
(T2DM) patients. Individuals of age 18 years or above were
enrolled during regular outpatient visit to the diabetic clinic
of Saveetha Medical College in Chennai, a metropolitan
city in southern state of India in August 2013. Those indi-
viduals with mental and physical challenges or not willing
to participate were excluded. The study was approved by
the ethics committee of the Foundation of Healthcare
Technologies Society, New Delhi (IRB#FHTS/012/2013),
and conforms to the provisions of the Declaration of
Helsinki (as revised in Tokyo 2004).

Information on the following variables was gathered.

(a) Sociodemographic characteristics: Information was gath-
ered about age (years), gender, educational status [grade
1–5, grade 6–8, grade 9–10, grade 11–12, graduate or
above, and no education], marital status (single/mar-
ried/divorce or separated/widow), annual household in-
come, household location (rural/urban), type of family
(joint, nuclear, broken, extended), family size, occupa-
tion status (semi-professional to professional, skilled
worker, unskilled, unemployed), and work shift timings
(morning, evening, night, alternate, day) [15].

(b) Technology use assessment: Information was also gath-
ered to assess the individual’s access to landline phones
or mobile phones and availability of computer and
Internet at home or work. Information gathered included
the frequency of computer use.

(c) Diabetes-related information: Variable information in-
cluded history of diabetes, medication, and insulin in-
take. Information was also gathered about individual’s
past history of diabetes education and existing sources
of diabetes-related information.

(d) Health literacy: Health literacy was assessed by using
modified version of short test of functional health litera-
cy in adults (STOFHLA) [16]. The STOFHLA is a 36-
item reading assessment tool which requires 7 min to
administer [16]. The following modified five questions
from the original tool were used in the study: (i) How
often do you have problems learning about your medical
conditions because of difficulty in understanding written
information (e.g., books, magazine, and written prescrip-
tion)? (ii) How often do you have difficulty understand-
ing information from your healthcare provider (like a
doctor, nurse, or health worker) (oral communication)?
(iii) How often are the directions on medication bottles
difficult to understand for you? (iv) How often you are
unsure about how to take your medication correctly? and
(v) How often do you need to have someone help you
when you read instructions, pamphlets, or other written
material from your doctor or pharmacy. Responses were
obtained on a five-point Likert scale. Responses of all
five questions were dichotomized into “sometimes to
always” and “occasionally to never” [16].

(e) Health information-seeking behavior: Information was
gathered using an 18-item open-ended questionnaire
which included the following: (i) from where help is
sought for solving healthcare problem, (ii) reason of
seeking help, (iii) healthcare seeking in case of failed
healthcare, (iv) help sought from traditional healers, (v)
credibility of the diabetes information source, (vi) reason
of seeking information about diabetes, (vii) any event
which have prompted to seek further information, (viii)
changes in pattern of information since the time of

304 Int J Diabetes Dev Ctries (July–September 2016) 36(3):303–312



diagnosis, (ix) reliance on Internet for information, (x)
trust on Internet for seeking information, (xi) following
of another source after searching information on Internet,
(xii) feeling difficulty in decision-making with the cur-
rent information, (xiii) approach for seeking information
on other healthcare problems, (xiv) method of selecting
current healthcare provider and ever changing of
healthcare provider, (xv) reliance on current healthcare
provider for diabetes education and the method used in
conveying the information, (xvi) satisfaction with current
healthcare provider, (xvii) situation of any inconsistency
in information received from various sources, and (xviii)
factors impacting in decision making of the treatment of
diabetes [17].

Statistical analysis

Descriptive analysis was performed using univariate statistics to
report means and standard deviations for the continuous vari-
able and frequency distributions for the categorical variables.
Student’s T statistics and analysis of variance were performed to
see any possible difference in continuous variables. Chi-square
analysis and Fisher’s exact test were performed to see the pos-
sible association between health literacy and availability of
technology. Binary logistic regression was performed to see
individual sociodemographic and technology use variable with
each of the five health literacy questions. Content analysis of
the open-ended data generated from health information-seeking
behavior questionnaire was performed to identify the common
themes that emerged after textual data were coded. All statisti-
cal analysis was performed using SPSS version 16.

Results

Sociodemographic characteristics

Results showed that more than half of the study participants
were males (60 %) with an average age of 55 years (SD=12)
(Table 1). Majority of them were married (94 %), lived in
nuclear family structure (90 %) with an average size of family
being five (SD=3). One third of the total participants was
either graduate or postgraduate (30 %) and had annual house-
hold income of more than 300,000 INR (approx. US$5000).
Median annual household income of the participants was 200,
000 INR (approx. US$3333) ranging from 15,000–3,000,000
INR (approx. US$250–50,000).

Technology assessment

More than half of the participants had landline phones
(55 %), and majority of them had access to cell phones

(96 %). More than half of them had computer at home
(53 %), and 43 % of them had Internet at home. Of the
working participants (n=65), 45 % had computer and
Internet at workplace. Merely 40 % of them were familiar
with the use of computers (Fig. 1).

Table 1 Sociodemographic characteristics of diabetes patients

Variables Results (n=100)

Sociodemographics

Age (years) Mean=55 (SD=12.3)

Gender

Male 60 %

Female 40 %

Marital status

Married 94 %

Widow/widower 6 %

Type of family

Extended 2 %

Joint 8 %

Nuclear 90 %

Household location or setting

Rural 5 %

Urban 95 %

Family size Mean=5 (SD=3)

2 11 %

3 15 %

4 30 %

5 22 %

≥6 22 %

Annual household income, INRa Mean=355,285 (SD=459,309)

≤50,000 12 %

50,001–100,000 15 %

100,001–200,000 30 %

200,001–300,000 10 %

>300,000 31 %

Highest education level of participant

No formal education 8 %

Primary (1st–5th Grade) 9 %

Middle (6th–8th Grade) 11 %

High school (9th–10th Grade) 18 %

Intermediate (11th–12th Grade)
or equivalent

24 %

Graduate or postgraduate 30 %

Occupationa

Skilled worker 51 %

Unskilled worker 13 %

Unemployed 35 %

INR Indian National Rupee
a Some responses may not add up to a hundred due to missing values in
some of the variables
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Diabetes-related information

More than half of the participants had a duration of diabetes of
less than 5 years, majority of them were on oral medications
(95 %) and about half of them were taking insulin (48 %)
(Table 2), 45 % of them were taking both. Majority of them
had received some form of diabetes education from the
healthcare professional at the time of diagnosis (89 %),
15 % of them sought additional information regarding diabe-
tes other than that provided by the doctor. The most preferred

source of seeking diabetes-related information was traditional
mass media (90 %) (Fig. 2).

Health literacy

Results showed that more than half of the participants (60 %)
had encountered problems in understanding their medical con-
dition, and this was primarily due to of difficulty in under-
standing the written information. Twenty-six percent of the
participants were always uncomfortable in understanding in-
formation provided by the healthcare professionals. Twenty-
five percent of the study participants always felt difficulty in
understanding the directions on medicine bottle and were un-
sure about the correct method of medicine administration.
Forty-three percent of the participants never needed help for
reading instructions, pamphlets, or other reading material pro-
vided by the doctor or pharmacist (Table 3).

Health information-seeking behavior

Majority of the participants sought help of a doctor (90 %) for
diabetes-related health ailments. However, only 13 % of the
participants found health information credible when given by
a doctor. Majority of them reported that attainment of better
health and wellbeing prompted them for seeking health infor-
mation (99 %). Eighty-nine percent expressed interest in seek-
ing help about controlling their blood sugar levels. Majority of
them reported change in pattern of health information since
the time of diagnosis (74%), showedmore willingness for self
information seeking. Trust and reliance on the Internet for
seeking health information was seen in 74 % percent of the
participants. Sixty-nine percent of them used “diabetes and its
management” as keyword for searching diabetes-related
health information. Only 20 % of them had reported different
approach in seeking information and care for other health
problems as compared to diabetes. Most of them were satis-
fied with the current healthcare providers (99 %) (Table 4).

55%

Landline
Phone in

Home

96%

45%

Possess
Cellphone

Use of Technology (landline, mobile, and computer) and internet 
at home and workplace 

40%

4%

Ever Used 
Computer

53%58%

Computer at
home

Yes

33%
46%

Internet at
home

No

45%
56%

Computer at
Workplace

% 45%
55%

Internet at
Workplace

55%

Fig. 1 Type of technology used
for routine communication
among the individuals having
diabetes seeking treatment from
the Diabetes Clinic in Saveetha
Medical College, Saveetha
University, Chennai, India (for
computer and internet at
workplace, N=65)

Table 2 Diabetes education and current medication followed by the
diabetes patients

Variables Results (n=100) (%)

Diabetes was first diagnosed

<1 year 16

1 year or more but <3 years 16

3 years or more but <5 years 25

5 years and more 43

Insulin usea

No 49

Yes 48

Oral diabetes medicine intake

Yes 95

No 5

Received initial diabetes education at the time of diagnosisb

Doctor 89

Nurse 6

Dietician 3

Diabetes educator 6

Additional information regarding diabetes obtained from other than
doctors’ officea

No 83

Yes 15

a Some responses may not add up to hundred due to missing values in
some of the variables
b Responses are in multiple scales
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Association between sociodemographics and technology
use and health literacy among T2DM individuals

Analysis was performed for five health-literacy-related issues
including problems faced in understanding a medical condition
because of difficulty in understanding written information, dif-
ficulty in understanding information from the healthcare pro-
vider, difficulty in understanding directions on medication bot-
tles, uncertainty about the correct medicine intake, and need of
help while reading instructions, pamphlets, or other written ma-
terial from the doctor or pharmacy (Table 5).

(i) Understanding medical condition

There were an increased proportion of females compared to
males (73 versus 52 %) who were facing problems in under-
standing a medical condition because of difficulty in understand-
ing written information (p=.037). Individuals having more than
high school education were less likely to face problem in under-
standing their medical condition (65 %; p<.0001). Similarly,
individuals in skilled occupation (53%; p=.039) had less chance
of not able to understand their medical condition. Statistically
significant difference was seen with annual income (p=.025).
Variables such as age (p=.61) and family size (p=.59) did not
differ significantly because of difficulty in understanding written
information. There was a significant difference among individ-
uals who had no landline phone as compared to individuals
having a landline phone (85 versus 40 %; p<.0001) while

understanding amedical condition because of difficulty in under-
standing written information. Similarly, individuals with no ac-
cess to computer at home (83 %; p<.0001) or work (78 %;
p<.0001) were facing greater problems in understanding a med-
ical condition because of difficulty in understanding written in-
formation. Individuals with Internet access at home (65 %;
p<.0001) or work (78 %; p<.0001) were facing less problems
in understanding their medical conditions (Table 5). Regression
analysis has shown that age (p=.49), gender (p=.50), family size
(p=.15), education (p=.21), occupation (p=.61), AHI (p=.65),
having landline phone (p=.07), computer at home (p=.79), com-
puter at work (p=.79), ever use of computer (p=.17), Internet at
home (p=.96), and Internet at work (p=.73) have not shown any
statistically significant association.

(ii) Understanding information from the healthcare provider

Again there were increased proportion of females as compared
to males (73 versus 45%) who had difficulty in understanding
the information provided by the healthcare provider (p=.007).
Individuals with education level less than high school (89 %;
p<.0001) had encountered less problems in understanding
information from the healthcare provider. Unemployed
(75 %; n=26) and unskilled workers (77 %; n=10) were fac-
ing higher degree of problems in understanding information
provided by the healthcare provider (p=.001) as compared to
skilled workers (37 %; n=19). Individuals who had less diffi-
culty in understanding the information provided by the

Traditional Massmedia (TV)

Online discussion group

Group based education

Healthcare Professionals

Internet

Face to face

Family and Friends

Books/Magazines

Information Sources for Understanding 

6

20%

8%

12%

%

14%

Diabetes 

35%

38%

90%

Fig. 2 Various sources of
information to understand
diabetes among the individuals
having diabetes seeking treatment
from the Diabetes Clinic in
Saveetha Medical College,
Saveetha University, Chennai,
India

Table 3 Problems in understanding health information by diabetes patients

Variable Always (%) Often (%) Sometimes (%) Occasionally (%) Never (%)

Problems faced in understanding medical condition because of difficulty in
understanding written information

25 5 30 4 36

Difficulty in understanding information from the healthcare provider 26 6 24 8 36

Difficulty in understanding directions on medicine bottles 25 4 28 5 38

Unsure about how to take the medication correctly 25 6 23 4 42

Need help while reading instructions, pamphlets, or other written material
from your doctor or pharmacy

28 5 21 3 43
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healthcare provider had higher average income (M=515,113;
SD=586,159) as compared to individuals with severe difficul-
ty (M=225,055; SD=262,416) and it was found to be statis-
tically significant (p=.002). Results showed that individuals
who had landline phone at home compared to individuals with
no landline phone at home (58 versus 27 %; p=.002), access
to computer at home compared to no access to computers at
home (68 versus 17%; p<.0001), access to computer at work
compared to no access to computer at work (79 versus 36 %;

Table 4 Health information seeking behavior of diabetes patients

Variable Results (n=100)
(%)

Where do you seek help if you have health problems?

Doctor 90

Hospital 1

Medical books 1

Diabetologist 2

None 6

Why do you seek help?

Control blood sugar level 89

Due to symptoms 2

For cure 2

To get information and advice 5

On finding anything wrong 1

Routine checkup 1

If healthcare fails, where do you seek help?a

Nowhere 89

Change physician/hospital 3

God 4

Spouse 1

Is help also searched from traditional healers? If yes from whom and
reason for seeking help?

No 99

Yes, from cousin for diet 1

What leads you believe that the source of information about diabetes is
credible?

When it is provided by the doctor 13

If it is in the magazine or internet 2

If it helps in reducing problems 1

Nothing 84

What prompts you to seek information about diabetes?

Regular, for better health and wellbeing 99

Never 1

Have you ever heard or seen something about diabetes that made
prompted you to seek out further information?

Yes, on hearing latest news about it 4

No 96

Has how you obtain information about your diabetes changed over time?
For instance, are you more willing to look up information on your own
and to trust your own judgment?a

Yes 74

No 25

Do you find yourself relying on the Internet for information?a

Yes 74

No 25

Do you trust the Internet for information?

Yes 74

No 26

Do you follow up with another source after you find information on the
Internet? If you use the Internet, do you use a search engine. If so, what
keywords or topics do you search for?

Diabetes and its management 69

Table 4 (continued)

Variable Results (n=100)
(%)

Complication of diabetes 1

Health 1

Magazine 1

No 28

With your diabetes have you ever felt that you could not obtain
information that would help you make decisions about what to do?

Yes, surf Internet to get solution 1

No 99

Consider other health care problems you have had or currently have. Do
you approach obtaining information and care for the problem
differently than you’ve approached your diabetes care?

No 80

Yes 20

Consider the health care providers or provider you currently see to help
you manage your diabetes. How did you choose this person or people?
How did you “find” them? Have you ever changed care providers due
to a choice, not something that was imposed upon you? What were
those circumstances?

None 92

Doctor 5

Friend 3

Do you rely heavily on your physician for your diabetes education? How
and when do they convey information to you?

Yes, during visit 30

No 70

Are you satisfied with how your diabetes care providers convey
information to you about your diabetes? What do you like? Dislike?

Yes 99

No 1

Have you ever been in a situation where what the sources were saying
was inconsistent? How did you determine which one was more
reliable?

Yes, sometimes, reliability is based on trueness of
information

2

No 98

External factors that have an impact on your choice to treat your diabetes?

Doctor’s advice 1

Work and family 2

None 97

a Some responses may not add up to a hundred due to missing values in
some of the variables
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p<.0001), access to Internet at home compared to no access of
Internet at home (67 versus 26 %; p<.0001), and access to
Internet at work compared to no access of Internet at work (79
versus 36 %; p<.0001) were facing less problems in under-
standing the information provided by the healthcare provider
(Table 5). Regression analysis has shown that individuals hav-
ing more than high school education (p=.048) and computer
at home (p=.023) had lesser difficulty in understanding infor-
mation given by the healthcare providers.

(iii) Understanding directions on medication bottles

Females (73 %; p=.011) faced greater difficulties in under-
standing the directions on medication bottles. Individuals hav-
ing education more than high school (69 %; p<.0001) and
involved in skilled occupation (55 %; p=.05) faced less diffi-
culties in understanding direction on medication bottles.
Individuals who had lower average income (M=261,054;
SD=318,679) had significantly greater difficulty in under-
standing the information provided by the healthcare provider
as compared to those with higher income (M=475,813; SD=
574,591) (p=.02). Individuals with access to landline phone
(p=.003), computer (p<.0001), and Internet (p=.004) at home
had less problems in understanding directions on medication
bottles. Similar results were seen for those individuals who
had access to computers (p=.001) and Internet at work
(p=.001) (Table 5). Regression analysis has shown that skilled
workers (p=.04) and individuals having computer at home
(p=.009) had less difficulties in understanding the directions
on medication bottles.

(iv) Correct method of medicine intake

Results showed that females (68 %) were less confident about
the correct method of medicine intake as compared to males
(45 %) (p=.02). Individuals having education level more than
high school (72 %; p<.0001) and involved in skilled occupa-
tion (61 %; p=.015) were more confident about the correct
method of medicine intake. Higher average income (M=485,
222; SD=565,810) was seen among individuals who were
confident about the correct method (p=.009). Results showed
that individuals with access to landline phone at home
(p=.002), access to computer at home (p<.0001) or work
(p<.0001), and access to Internet at home (p=.001) or work
(p<.0001) were more confident in the correct method of med-
icine intake (Table 5). Regression analysis has shown that
participants having computer (p=.05) and Internet at home
(p=.05) were more confident for correct medicine intake.

(v) Need of help while reading instructions

Results showed greater need of help while reading instruc-
tions, pamphlets, or other written material from the doctor orT
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pharmacy among females (68 %) than males (45 %) (p=.02).
Individuals having more than high school level of education
(72 %; p<.0001) and involved in skilled occupation (59 %;
p=.03) also required less help while reading instructions,
pamphlets, or other written material from the doctor or phar-
macy. Individuals requiring assistance for reading instruc-
tions, pamphlets, or other written material from the doctor or
pharmacy had lower average annual income (M=248,264;
SD=307,772), and it was found to be statistically significant
(p=.012). Results showed that individuals having access to
landline phone (p=.007), computer (p<0.0001), and Internet
(p=0.01) at home and access to computer (p<.0001) and
Internet (p<.0001) at work required minimal help while read-
ing instructions, pamphlets, or other written material from the
doctor or pharmacy (Table 5). Regression analysis has shown
that age (p=.03) and computer at home (p=.02) have shown
statistically significant association with need of help for read-
ing instructions from the doctor or pharmacy.

Discussion

This study explored association between sociodemographics,
technology use and health literacy of type 2 diabetic individ-
uals living in an Indian setting. Results of the study showed
that majority of the individuals were on oral medications and
nearly half of them were taking insulin; 45 % took both med-
ications and insulin to control their blood sugar levels.

Previous studies in Chennai have shown that 49.9 to
80.9 % of individuals knew about diabetes [9, 18]. Results
of the study showed that majority of the individuals had re-
ceived some form of diabetes education from their doctor at
the time of diagnosis. However, the patients of chronic disease
like diabetes need tailored guidance for self-care management.
More than half of the individuals faced problems in under-
standing medical condition because of either difficulty in un-
derstanding written information or information provided by
the healthcare provider or understanding directions on medi-
cation bottles. Individuals were unsure about the correct med-
icine intake and needed help while reading instructions or
other written material from the doctor or pharmacy. Results
showed gender disparity in the health literacy levels as that
there was lesser proportion of health-literate females as com-
pared to males. Individuals with higher education level and
annual household income faced lesser difficulty in under-
standing health-related information. Previous study has shown
that individuals with lower education had limited health
literacy [19].

Traditional mass media like television was reported to be
the most preferred source for obtaining health information.
More than half of the study participants (74 %) trusted and
relied on the Internet for seeking health information. More
than half of the participants had landline phone in their

households. Use of voice-assisted response services through
landline phones for seeking health information may contribute
to diabetes awareness or health literacy. Results showed that
majority of the individuals had access to one or more types of
technology for communication. Hence, role of technology to
disseminate diabetes-related self-care management needs fur-
ther exploration especially for individuals living in rural and
remote areas. In another previous study, Internet-based menu
planning led to a 5 % or more net weight reduction in older
adults with diabetes [20].

Present study showed that individuals with computers and
internet at home or work had lesser difficulty in understanding
written information or in understanding the information pro-
vided by the healthcare provider, and understanding directions
on medication bottles. These individuals were confident about
the correct medicine intake and required lesser help while
reading instructions, pamphlets, or other written material from
the doctor or pharmacy.

Previous study had shown that individuals turn to folk sec-
tor in case of failed healthcare [17]. But results of our study
showed that majority of the individuals do not go anywhere
(89 %) and only few (4 %) perceived god as the reason for
their poor health condition. Only one participant had sought
help from traditional healer for diet regulation. Majority of the
individuals were satisfied (99 %) with the way information
was currently conveyed by their healthcare providers, but only
30 % percent relied heavily on them for healthcare informa-
tion. Present study had several limitations including cross-
section design, smaller sample size, and was limited to a single
geographical location, so the results of the study cannot be
generalized. Further, the study did not capture use of mobile
network in the cell phone and use of smartphones as many
applications related to health could be used via the
smartphone.

Conclusions

Our study had shown that the individuals having access to
computer at home had higher health literacy as compared to
individuals with no access. Technology (information) can act
as potential enabler to bridge the gap of health literacy by
providing self-care management education of diabetes as an
intervention. Future research is warranted to identify most
cost-effective, feasible, and accessible technology medium
for providing diabetes self-care management education.
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Abstract Latent autoimmune diabetes in adults (LADA) is a
form of autoimmune diabetes affecting adult patients who do
not require insulin at diagnosis, positive for circulating islet
autoantibodies and characterized by slower beta cell destruc-
tion. The study was aimed to identify and characterize LADA
patients from clinically diagnosed type 2 diabetes mellitus
(DM). We estimated anti-glutamic acid decarboxylase (anti-
GAD), anti-tyrosine phosphatase-like insulinoma antigen 2
(anti-IA2) antibodies, fasting connecting peptide (C-peptide)
and other clinical and biochemical parameters in 297 clinical-
ly diagnosed type 2 DM patients. The diagnosis of LADAwas
made by the presence of at least one pancreatic autoantibody,
and thereafter LADA groups were compared with those of
autoantibody-negative type 2 DM groups. The prevalence of
LADAwas found to be 15.2 % among patients presumed to
have type 2 DM. There was significant difference concerning
age of patients (p<0.001), body mass index (p<0.001), serum
levels of C-peptide (p<0.001), insulin (p<0.001), total cho-
lesterol (p<0.001), triglycerides (p=0.025), high-density lipo-
protein cholesterol (HDL-C; p=0.004), low-density lipopro-
tein cholesterol (LDL-C; p=0.001) as well as insulin resis-
tance (p<0.001) between LADA group and type 2 DM pa-
tients. In conclusion, anti-GAD antibody and C-peptide level
determination can be considered as confirmatory diagnostic
markers for LADA, along with anti-IA2 assay, while other

clinical and biochemical parameters can be useful for further
characterizing LADA patients.

Keywords LADA . Type 2 DM .Anti-GAD antibody .

Anti-IA2 antibody . C-peptide

Introduction

The total number of people with diabetes mellitus is increasing
expressively in most of the developed and many developing
countries, and the prevalence of diabetes for all age groups
worldwide was projected to rise from 2.8 % in 2000 to 4.4 %
in 2030 [1]. Type 2 diabetes mellitus (DM) is the commonest
form of diabetes constituting about 90 % of the total diabetic
population [2], and type 1 diabetes mellitus accounts for about
5–10 % [3]. Latent autoimmune diabetes in adults (LADA) is a
form of autoimmune diabetes that affects adult patients who do
not require insulin at diagnosis, positive for circulating pancre-
atic islet autoantibodies, and is associated with slower beta cell
destruction [4, 5]. It was Zimmet who introduced the term
‘Latent autoimmune diabetes of adults’ [6]. LADA shares fea-
tures of both type 1 DM (presence of circulating autoantibodies
and low fasting connecting peptide (C-peptide)) and type 2
diabetes (adult age at onset and initial response to oral
hypoglycaemic agents), so it is often misdiagnosed as type 2
DM [7]. Many studies reported that LADA also shares genetic
features of both type 1 and type 2 diabetes [8, 9]. So LADA is
considered as a distinct form of diabetes that lies somewhere
between type 1 and type 2 diabetes [8] and therefore has also
been denominated as type 1.5 diabetes [10, 11]. This particu-
larly has led to both mistaken diagnosis and inappropriate ther-
apeutic management. In an attempt to standardize the features
of LADA, the Immunology of Diabetes Society had proposed
the following criteria: patients should be at least 30 years of age,
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positive for at least one of the four antibodies to glutamic acid
decarboxylase 65 (GAD 65), islet cell cytoplasm (ICA), tyro-
sine phosphatase-like insulinoma antigen 2 (IA-2), insulin
(IAA), and not treated with insulin within the first 6 months
after diagnosis [12].

Epidemiological studies suggest that LADA may account
for about 2–12 % of all cases of diabetes [2, 11]. Despite its
frequency, there are no universal recommendations regarding
testing for pancreatic antibodies in adult onset diabetes.
Evidence obtained from studies point out that preservation
of beta cell function in patients with autoimmune diabetes
results in better glycaemic control and fewer end organ com-
plications like nephropathy and retinopathy. Though the exact
mechanism for the apparent beneficial effects of insulin treat-
ment is yet to be completely understood, it is thought that early
diagnosis and administration of exogenous insulin would pre-
serve the residual pancreatic beta cell function. The rationale
behind this thought is by allowing beta cells to rest, to mini-
mize possible insulitis at least by decreasing their metabolism
and also by relieving hyperglycaemic stress. It is also sug-
gested that active beta cells producing high amounts of insulin
are more susceptible to immune destruction, and therefore rest
for beta cells could preserve them longer [13, 14].

We therefore set out to determine the biochemical markers
for early diagnosis of LADA and also an attempt to compare
the clinical and biochemical characteristics of LADA subjects
with type 2 DM. Antibodies that can be used as markers for
the diagnosis of LADA are anti-glutamic acid decarboxylase
(anti-GAD), anti-tyrosine phosphatase-like insulinoma anti-
gen 2 (anti-IA2), anti-ICAs, anti-IAA and recent zinc trans-
porter (ZnT8) autoantibodies. The most sensitive marker for
the diagnosis of LADA is anti-GAD antibody [15]. A recent
Italian study has demonstrated that autoantibody reactivity to
IA-2 in LADA patients is much more common than so far
reported, and this can be considered as a novel and sensitive
diagnostic marker for the detection of islet autoimmunity in
subjects with type 2 diabetes [16].

Materials and methods

Subjects

The study was conducted at Amrita Institute of Medical
Sciences and Research Centre, Kochi, during the period of
July 2013 to January 2014, and study subjects were selected
from Endocrinology OPD. Two hundred and ninety-seven
(297) subjects who satisfied the inclusion criteria were select-
ed by systematic random sampling. Inclusion criteria were
individuals with newly diagnosed (within 3 years) clinical
type 2 DM [3] and aged 30–70 years with initial 6 months
of insulin independence. Exclusion criteria were patients with
type 1 DM, those who started insulin therapy within 6 months

after diagnosis of diabetes and patients with a history of dia-
betic ketoacidosis. Patients who were pregnant, taking steroid
medications, taking chemotherapy for malignancy, taking
medications for hypertension and dyslipidemia, had chronic
liver disease, with acute infection and other disorders that
could affect glucose metabolism were also excluded.

Sample collection and preparation

Venous blood samples were obtained for anti-GAD and anti-
IA2 antibodies, and overnight fasting venous blood were ob-
tained for plasma glucose, lipid profile, C-peptide and insulin.
Serum was separated by centrifugation within 1 h after blood
collection and refrigerated at −20 °C until the tests were per-
formed. Whole blood samples were used for testing glycated
haemoglobin (HbA1c) and plasma was used for testing glucose.
Informed written consent was obtained from each individual.

Physical examination

The weight of each individual was measured using a weighing
scale; the height was measured with a stadiometer and arterial
blood pressure with sphygmomanometer. The body mass in-
dex (BMI) of each subject was calculated using the following
formula: BMI=Weight (kg)/Height2 (m2).

Biochemical analyses

Serum level of anti-GAD and anti-IA2 antibodies were estimat-
ed by enzyme-linked immunosorbent assay method (ELISA)
using Medizym anti-GAD and Medizym anti-IA2 kit, respec-
tively, and readings were taken on ELISAmicrowell plate read-
er with optical filters at 450 and 620 nm. The Medizym anti-
GAD and anti-IA2 are calibrated against the WHO reference
preparation, National Institute of Biological Standards and
Control (NIBSC) 97/550, and concentrations are therefore
expressed in International Unit/millilitre (IU/mL). The cut-off
value for anti-GAD and anti-IA2 antibodies are taken as 5 and
10 IU/mL according to the recommendations for the kit, and
values above 5 and 10 IU/mL were taken as positive, respec-
tively. C-peptide was estimated by direct ELISA method using
EiAsy way diagnostic kit (Diagnostic Biochem Canada Inc.,
Canada), and readings were taken on ELISA microwell plate
reader at 450 nm. Reference range of C-peptide followed in the
present laboratory is 1.3–3.1 ng/mL. Fasting plasma glucose
was estimated by enzymatic UV test (hexokinase method) on
Beckman coulter-Olympus AU2700 Chemistry Analyser.
Fasting lipid profile was estimated by enzymatic colour test
on Beckman coulter-Olympus AU2700 Chemistry Analyser.
HbA1c was estimated in whole blood by ion exchange high-
performance liquid chromatography using Bio-Rad Variant II
HbA1c analyser. Fasting insulin was estimated by chemilumi-
nescent microparticle immunoassay (CMIA) method on Abbott
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Architect i2000 (Abbott Diagnostic, USA) analyser. Insulin re-
sistance was calculated using homeostasis model assessment
(HOMA-IR) formula [17], HOMA-IR=(Fasting glucose in
mg/dL×Fasting insulin in μU/mL)/405.

Statistical analysis

Statistical analysis was carried out using Statistical Package
for the Social Sciences software (SPSS)—version 20.0. All
quantitative data were expressed as mean±standard deviation
(SD) while categorical variables were expressed as percent-
ages. Continuous variables were compared using independent
two-sample t test, and categorical variables were compared
using chi-square test. A two-tailed p value less than 0.05
was considered statistically significant.

Results

According to currently accepted criteria for diagnosis of
LADA proposed by Immunology of Diabetes Society [12],
we identified 45 patients (15.2 %) as LADA out of 297 clin-
ically diagnosed type 2 DM. At least one type of serum auto-
antibody (anti-GAD or anti-IA2) was detected in 45/297 sub-
jects (15.2 %). Only one kind of autoantibody was detected in
40/297 subjects (13.5 %). The coexistence of two autoanti-
bodies (anti-GAD and anti-IA2) was noted in 5/297 subjects
(1.7 %). None of the autoantibodies was found in 252/297
subjects (84.8 %) who were classified as classic type 2 DM.
Figure 1 illustrates the prevalence of pancreatic autoantibodies
among study subjects. Among LADA subjects, 37/45
(82.2 %) showed positivity to anti-GAD antibodies and 13/
45 (28.9 %) showed positivity to anti-IA2 antibodies. Table 1
lists the clinical characteristics of LADA group.

Comparison of LADA groups with type 2 DM

Mean age at diagnosis was different in LADA patients (44.1±
8.2) compared to type 2 DM (55±7.5), and the difference was
statistically significant (p<0.001). There was no significant
difference in gender distribution between two groups as males

are affected more in both groups. Mean BMI values were
different between the two groups (LADA 24.1±4.5 kg/m2

versus type 2 DM 28.8±5.1 kg/m2) and were statistically sig-
nificant (p<0.001). Mean systolic blood pressure was signif-
icantly lower in LADA patients (128±8.3 mmHg) compared
to those with type 2 DM (132±8.8 mmHg), p=0.003, but no
significant difference of diastolic blood pressure between
LADA patients (82.5±5.9 mm/Hg) and type 2 DM (83±
6.0 mm/Hg) with p=0.594. Personal history of autoimmune
diseases especially autoimmune thyroid disease was noted in
15 (33.3 %) subjects with LADA when compared with 16
(6.3 %) subjects with type 2 DM, and it was statistically sig-
nificant (p<0.001). Family history of autoimmune diseases
was also common in subjects with LADA 12 (26.7 %) when
compared to type 2 DM 14 (5.6 %), and it was statistically
significant (p<0.001). Table 2 depicts comparative analysis of
clinical characteristics of LADAwith type 2 DM.

Mean fasting C-peptide was significantly lower in LADA
patients (1.2±0.5 ng/mL) compared to those with type 2 DM
(2.7±0.9 ng/mL), p<0.001. Mean fasting insulin levels was
significantly lower in LADA patients (9.9±2.1 μU/mL) com-
pared to those with type 2 DM (15.9±3.9 μU/mL), p<0.001.Fig. 1 Prevalence of pancreatic autoantibodies among study subjects

Table 1 Clinical characteristics of LADA group

No. Clinical characteristics Value

1. Number of patients, n (%) 45 (15.2 %)

2. Gender (n)

-Male 27

-Female 18

3. Age at diagnosis (years) (mean±SD) 44.1±8.2

4. Distribution of patients according to age groups, n (%)

- 30–40 years 15 (33.3 %)

- 41–50 years 23 (51.1 %)

- 51–60 years 5 (11.1 %)

- 61–70 years 2 (4.5 %)

5. BMI (kg/m2) (mean±SD) 24.1±4.5

6. Distribution of patients according to BMI groups, n (%)

-Normal weight (BMI <25) 28 (62.2 %)

-Overweight (BMI 25.1–30.0) 12 (26.7 %)

-Obese (BMI >30) 5 (11.1 %)

7. Fasting plasma glucose (mg/dL) (mean±SD) 175.7±20.0

8. Fasting C-peptide (ng/mL) (mean±SD) 1.2±0.5

9. Fasting insulin (μU/mL) (mean±SD) 9.9±2.1

10. Distribution of patients by the presence of autoantibodies, n (%)

-Anti-GAD +ve 37 (82.2 %)

-Anti-IA2 +ve 13 (28.9 %)

-At least one antibody 45 (100 %)

-Coexistence of antibodies 5 (11.1 %)

Values are expressed as mean±standard deviation or number (%)

BMI body mass index, Anti-GAD anti-glutamic acid decarboxylase,
Anti-IA2 anti-insulinoma antigen 2
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HOMA-IR was significantly lower in LADA patients (4.3±
1.0) compared to those with type 2 DM (7.0±1.8), p<0.001.
There was no significant difference between mean fasting
plasma glucose of LADA patients (175.7±20.0 mg/dL) and
type 2 DM (178.2±18.3 mg/dL), p=0.412. Also there was no
significant difference between mean HbA1c of LADA patients
(8.2±0.8) and type 2 DM (8.1±0.9), p=0.643. Mean total
cholesterol was significantly lower in LADA patients (193.3
±23.8 mg/dL) compared to those with type 2 DM (208.4±
26.5 mg/dL), p<0.001. Mean triglyceride level was signifi-
cantly lower in LADA patients (145.9±18.9 mg/dL) com-
pared to those with type 2 DM (151.9±16.2 mg/dL), p=
0.025. Mean low-density lipoprotein cholesterol (LDL-C)

was significantly lower in LADA patients (102.1±11.5 mg/
dL) compared to those with type 2 DM (110.1±14.3 mg/dL),
p<0.001. Mean high-density lipoprotein cholesterol (HDL-C)
in LADA patients (42.2±5.5 mg/dL) was significantly higher
than that in type 2 DM (39.7±5.2 m/dL) with p=0.004.
Table 3 depicts comparative analysis of biochemical parame-
ters of LADAwith type 2 DM.

Discussion

According to LADA characteristics previously described, we
identified 45 patients as LADA out of 297 clinically

Table 2 Comparative analysis of
clinical characteristics of LADA
with type 2 DM

No. Clinical characteristics LADA Type 2 DM p value

1. Number of patients, n (%) 45 (15.2 %) 252 (84.8 %) –

2. Gender, n (%)

-Male 27 (60 %) 138 (54.8 %) 0.63
-Female 18 (40 %) 114 (45.2 %)

3. Age at diagnosis (years) (mean±SD) 44.1±8.2 55±7.5 <0.001

4. BMI (kg/m2) (mean±SD) 24.1±4.5 28.8±5.1 <0.001

5. Distribution of patients according to BMI
groups, n (%)

-Normal weight (BMI <25) 28 (62.2 %) 53 (21 %) <0.001

-Overweight (BMI 25.1–30.0) 12 (26.7 %) 108 (42.9 %) 0.042

-Obese (BMI >30) 5 (11.1 %) 91 (36.1 %) 0.001

6. Systolic blood pressure (mmHg) (mean±SD) 128±8.3 132±8.8 0.003

7. Diastolic blood pressure (mmHg) (mean±SD) 82.5±5.9 83±6.0 0.594

8. Personal history of autoimmune disease, n (%)
(especially autoimmune thyroid disease)

15 (33.3 %) 16 (6.3 %) <0.001

9. Family history of autoimmune disease, n (%) 12 (26.7 %) 14 (5.6 %) <0.001

Values are expressed as mean±standard deviation or number (%)

BMI body mass index

Table 3 Comparative analysis of
biochemical parameters of LADA
with type 2 DM

No. Parameters LADA (n=45)
(mean±SD)

Type 2 DM (n=252)
(mean±SD)

p value

1. Fasting plasma glucose
(mg/dL)

175.7±20.0 178.2±18.3 0.412

2. HbA1c (%) 8.2±0.8 8.1±0.9 0.643

3. Total cholesterol (mg/dL) 193.3±23.8 208.4±26.5 <0.001

4. Triglycerides (mg/dL) 145.9±18.9 151.9±16.2 0.025

5. HDL-C (mg/dL) 42.2±5.5 39.7±5.2 0.004

6. LDL-C (mg/dL) 102.1±11.5 110.1±14.3 <0.001

7. Fasting insulin (μU/mL) 9.9±2.1 15.9±3.9 <0.001

8. Fasting C-peptide (ng/mL) 1.2±0.5 2.7±0.9 <0.001

9. HOMA-IR 4.3±1.0 7.0±1.8 <0.001

Values are expressed as mean±standard deviation

HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, HbA1c glycated
haemoglobin, HOMA-IR homeostasis model assessment for insulin resistance
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diagnosed type 2 DM giving a prevalence of 15.2 %. Various
studies all over the world reported a prevalence of 5.1 % [18],
9.2 % [19] and 13.5 % [20] among type 2 diabetic patients.
However, the prevalence of LADA group rose to 25% among
type 2 diabetic patients less than 35 years of age [21]. Awide
range of disparity in the prevalence of LADAwithin a country
or across countries may depend on clinical characteristics of
the patient, antibody assay methods, norms for diagnosis and
genetic predisposition. Among the study subjects, 12.5 %
showed positivity to anti-GAD antibodies and 4.4 % showed
positivity to anti-IA2 antibodies which gives the indication
that anti-GAD antibody is the commonest autoantibody in
these patients. At diagnosis, both anti-GAD and ICA were
stronger predictors of insulin requirement, but anti-GAD an-
tibodies appeared to have better sensitivity as predictors than
ICA [22]. Conversely, ICA disappears with increasing disease
interval, while all patients with anti-GAD positivity at diag-
nosis remain positive indefinitely. Hence, anti-GADmeasure-
ments can be carried out years after diagnosis with preserved
sensitivity. Testing for other autoantibodies should also be
carried out as some of these patients may be IA2 or IAA
positive. In the present study, we included IA2 antibody along
with anti-GAD, and anti-IA2 assay enhanced the diagnostic
prevalence of LADA from 12.5 to 15.2 %. Kanungo A et al.
[23] and Tiberti C et al. [16] pointed out the emerging impor-
tance of anti-IA2 antibody in their studies.

A lower mean age of diagnosis was found in LADA group
when compared to classic type 2 DM, and this is in agreement
with a study done byGenovese S et al. [24]. The prevalence of
LADAwas more in males than in females in the present study
and was comparable with type 2 diabetes patients. BMI values
of patients with type 2 diabetes showed that most of the pa-
tients were in overweight and obese category, but majority of
LADA patients were of normal weight group. Mette K.
Andersen et al. [25] and Maria A. Radtke et al. [26] reported
that BMI of LADA patients were significantly lower than
those of the corresponding type 2 diabetic group. Leslie RD
et al. [27] in their study reported that majority of LADA pa-
tients were usually thin or of normal weight group, while few
studies also reported mean BMI of LADA patients in the
overweight or obese categories [28, 29]. The present study
showed significant difference in mean systolic blood pressure
between LADA and type 2 DM patients, but no significant
difference in the mean diastolic blood pressure between two
groups. Study done by Hosszufalusi N et al. [30] reported the
low prevalence of hypertension in LADA patients when com-
pared to type 2 DM patients. Of the LADA patients in the
present study, 33.3 % gave personal history of autoimmune
thyroid disease, which is in accordance with earlier reports
which found out the increased incidence of organ-specific
autoimmune disorders especially the thyroid gland [31]. Jin
et al. [32] also reported high frequency of thyroid peroxidase
(TPO) antibodies in LADA patients compared with type 2

DM. Of the LADA group, 26.7 % gave a family history of
autoimmune disease which is in agreement with Spiros
Fourlanos et al. [33] study ‘A clinical screening tool identifies
autoimmune diabetes in adults’ which reported that family or
personal history of DR3- and/or DR4-related autoimmune
diseases was more common in LADA, and the most common
associated autoimmune disease in patients with LADA was
thyroid autoimmune disease.

We observed that LADA patients had lower mean C-
peptide levels compared with type 2 diabetes groups. Arikan
E et al. [34] also reported similar findings. C-peptide is secret-
ed at equimolar concentration with insulin and is not degraded
as rapidly as insulin, so estimation of C-peptide levels would
be a valuable test to quantify insulin secretion and therefore to
evaluate beta cell function in LADA patients. Bell DS et al.
[35], in their studies, had highlighted on the potential role of
C-peptide as a screening tool for early detection of LADA
patients, keeping more expensive antibody testing for high
suspect cases. When mean fasting insulin levels along with
the insulin resistance (HOMA-IR) were compared between
the two groups, it was significantly lower in the LADA group
when compared to classic type 2 DM patients. Britten A C
et al. [36] in their study found out that insulin resistance were
much lower in LADA as compared to type 2 DM. But some
studies put forward that LADA patients share insulin resistant
with type 2 DM patients [37]. In the present study, we found
out that there is no statistical difference in mean fasting plasma
glucose and HbA1c% between LADA and type 2 DMpatients.
Estimation of serum cholesterol revealed that LADA patients
had significantly lower mean cholesterol value when com-
pared with type 2 diabetes, which was found to be in accor-
dance with existing data [5, 38]. The ADOPT study revealed
that LADApatients had a higher level of serumHDL-C, lower
serum triglyceride levels and a lower prevalence of metabolic
syndrome than patients with negative anti-GAD [29]. The
present study also showed a lower mean value of serum tri-
glyceride and LDL-C and a higher mean value of HDL-C in
LADA patients.

In summary, patients classified as LADA presented the
following features: At least one autoantibody present in all
patients, mean age at diagnosis, mean BMI, mean C-peptide,
mean insulin, mean HOMA-IR, mean cholesterol, triglycer-
ides and LDL-C were significantly lower where personal and
family history of autoimmune disease especially autoimmune
thyroid disease and HDL-C were significantly higher than in
type 2 DM patients. Many of our findings were similar with
the study done by Fourlanos et al. [33] which point out that
five clinical features were more frequent in LADA compared
with type 2 DM at diagnosis: (1) age of onset <50 years, (2)
acute symptoms (polydipsia/polyuria/unintentional weight
loss), (3) body mass index <25 kg/m2, (4) personal history
of autoimmune disease and (5) family history of autoimmune
disease.
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Study limitations

As a limitation, in the present study, we estimated only fasting
C-peptide value of study subjects and took this as baseline
value. We did not estimate the stimulated C-peptide values
which could further determine the actual beta cell capacity
of LADA patients. We also did not evaluate the periodic C-
peptide of study subjects, which estimate the prognostic value
of C-peptide.

Conclusion

LADA patients comprise an important segment of the diabetic
population, and though its prevalence being around 10 %, it
often gets misdiagnosed. Therefore, early identification of
LADA is a must to start an optimum treatment with insulin
for these patients, possibly to preserve the remaining pancre-
atic beta cell function. From the present study, it appears that
C-peptide level determination can be considered as an initial
screening tool, while anti-GAD antibody along with anti-IA2
assay can be used as confirmatory diagnostic markers for
identifying LADA patients from type 2 DM, whereas other
clinical and biochemical parameters are useful for further
characterizing LADA patients.

Compliance with ethical standards

Consent to participate Informed written consent was obtained from
each individual.
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Abstract Diabetes is an emerging health threat in
Bangladesh. The study objectives were to evaluate self-
management practices among a population with diabetes in
rural Bangladesh and to identify barriers to complying with
prescriptions for diet, physical activity and drug use. In this
cross-sectional study, 220 patients with diabetes were recruit-
ed from logs of diabetes clinics in Mirzapur, Bangladesh.
Participants were asked about self-care practices and health
complications and comorbidities associated with diabetes.
Participants were also asked about treatments costs, barriers
to diabetes treatment and socio-demographic characteristics.
Almost half of the participants (49 %) were taking oral hypo-
glycemic agents (OHA), and 47 % were taking a combination
of OHA and insulin; however, 30 % of those using insulin
were not confident in their ability to self-administer the med-
ication. The majority of participants (86 %) had complications
that they attributed to diabetes, including vision impairments,
poor wound healing and dizziness. The median monthly cost
of diabetes maintenance was 725 taka (~US$9), approximate-
ly 8 % of the median monthly income. Common barriers to

treatment included the high cost of medication, access and
proximity to services, and feeling unwell as a result of pre-
scribed treatments. Although the vast majority of participants
managed their diabetes using OHA and insulin, there were
common barriers that prevented patients with diabetes from
complying with doctor’s recommendations for diabetes man-
agement. Given the high incidence of self-reported diabetic
complications among this population, addressing these bar-
riers may improve self-care practices and overall quality of
life among those with diabetes in rural areas in Bangladesh.

Keywords Diabetesmellitus . Diabetes complications .

Self-care . Cost of illness . Bangladesh

Introduction

Diabetes is ranked ninth in the world as a leading cause of
death [1]. Although previously regarded as a condition pre-
dominantly affecting high-income countries, the burden of
diabetes has now transitioned to many low- and middle-
income countries, with particularly high rates among Asian
populations [2]. In Bangladesh, diabetes is considered an
emerging health threat, with an estimated overall prevalence
of 7 % among the general population ranging from 5 % in
rural areas to 10 % in urban areas, which has almost doubled
over the past decades [3]. The prevalence of those ‘at risk’ of
diabetes with impaired fasting glucose or impaired glucose
tolerance is also high, estimated at 7 and 8 %, respectively [3].

Proper management can decrease the risk of diabetes-
associated complications and comorbidities, with implications
for both the economical and psychological burden of the con-
dition and overall quality of life [4]. Self-care practices are
essential to increase the likelihood of maintaining appropriate
blood glucose, lipid levels and insulin sensitivity, in order to
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control or reduce the likelihood of developing complications
associated with diabetes, including neuropathy, nephropathy,
retinopathy and cardiovascular disease [5, 6]. The extent to
which patients with diabetes are able to follow this advice in
Bangladesh is not well described in the literature. In a study
sampling Asian countries including Bangladesh, overall gly-
cemic control was ‘poor’ in more than half of the study sam-
ple, and poor glycemic control was associated with increased
microvascular complications [7]. Additional research found
that approximately 90 % of patients with diabetes in urban
clinics did not test their blood sugar levels regularly [8].

The objectives of the present study were to evaluate the
self-care practices and frequency and type of clinical manage-
ment among a population of individuals with diabetes in rural
Bangladesh and to identify potential barriers in adhering to
prescribed recommendations for diet, physical activity and
drug use.

Methods

Sample description

Participants were recruited from the Mirzapur sub-district in
the Tangail district of Bangladesh, located approximately
60 km north-west of the capital city Dhaka. All participants
were members of a previously established pool of individuals
(N = 255,000) from the Demographic Surveillance System
(DSS), maintained by the International Centre for Diarrhoeal
Disease Research, Bangladesh (icddr,b). Data collection took
place in March, 2013.

Study patients were identified through registers of all pa-
tients with diabetes who had attended the Kumudini
Hospital outpatient clinic or the clinic of the Diabetic
Association of Bangladesh (DAB) in Mirzapur in 2012.
This list was then cross-referenced with DSS participants,
to obtain contact information for these individuals.
Participants were recruited via telephone or in-person home
visits by research staff from icddr,b. Interviews were con-
ducted at Kumudini Women’s Medical College and
Hospital, a tertiary-level hospital serving the Mirzapur sub-
district and adjacent sub-districts.

Participants were considered eligible for the study if they
were over 18 years of age, had been diagnosed with diabetes
by a physician and were enrolled in the DSS. Pregnant or
lactating women and seriously ill or bed-ridden individuals
were excluded.

A total of 309 individuals were identified from registers,
and the final sample size was 220. The recruitment has been
described in detail in Fig. 1. According to response rate no. 1
of the American Association for Public Opinion Research,
there was a response rate of 72.6 % [9].

Study protocol

Interviews were approximately 1 h in length and were
conducted in Bengali by local, trained field research
assistants from icddr,b. Interviews were conducted in
an office on the hospital grounds, and information was
recorded using a pen and paper. Take-home medical
records from the DAB clinic were available for all par-
ticipants and were reviewed by a medical doctor (co-
author SA). During recruitment, participants were re-
quested to bring their recent available medical records.
Ethics approval was provided by the University of
Waterloo Office of Research Ethics and the Research
Review Committee and Ethical Review Committee of
icddr,b.

Measures

Information on individual and household demographics was
collected. Measures of socioeconomic status included month-
ly household income and information on personal assets to
assess wealth quintiles (homestead land, cultivable land,
household assets, livestock assets, as well as building mate-
rials of the house).

Self-care practices

Participants were asked if they had type 1 or type 2 diabetes,
and medical records were checked to identify diagnosis of
diabetes type. A series of questions examined when partici-
pants were diagnosed with diabetes, what treatments they
were currently receiving or had received in the past for diabe-
tes, and if they had ever been prescribed various behavioural
treatments or used any traditional remedies to control diabetes.
Ownership of a glucometer and frequency of testing blood
sugar or urine at home were also examined. Recent medical
records provided by patients were reviewed to collect data on
recently performed diagnostic tests for diabetes, when
available.

Health-related measures

Participants were asked to self-report if they had been diag-
nosed with a number of common comorbidities (heart disease,
stroke, hypertension, hypercholesterolemia, cancer, kidney
disease, depression, and an open-ended response for other
comorbidities) and had experienced a number of health effects
known to be complications of diabetes (dizziness/fainting/glu-
cose shock, blindness or vision problems, foot problems/ul-
cers, swelling/edema, kidney problems, heart problems,
stroke, poor wound healing, amputation of limbs, and an
open-ended response for other complications). Weight was
measured with light clothing and shoes removed, to the

Int J Diabetes Dev Ctries (July–September 2016) 36(3):320–326 321



nearest 100 g using a digital scale (TANITA, HD-308). Height
was measured with shoes removed, standing straight with
heels together using locally produced wooden height scales
with 0.1 cm precision. Body mass index (BMI) was catego-
rized using the World Health Organization cut-offs (under-
weight, BMI <18.5 kg/m2; normal, 18.5–24.9 kg/m2; over-
weight, 25.0–29.9 kg/m2; obese ≥30.0 kg/m2) and further cat-
egorized into a binary measure of BMI < 25.0 kg/m2 and BMI
of 25.0 kg/m2 or greater [10]. Waist circumference (WC) was
measured at a level midway between the lower rib margin and
iliac crest in the midaxillary line, taking the measurement at
the end of expiration while the participant was standing. Hip
circumference (HC) was measured at the widest part of the hip
across both greater trochanters. ‘Central obesity’ was defined
using the International Diabetes Foundation (IDF) cut-off
points for South Asian populations (>90 cm WC for men,
>80 cm for women) and waist-to-hip ratio (WHR) cut-off
points of 0.90 for men and 0.85 for women [11].

Adherence and barriers to compliance

Treatment-seeking behaviours and self-reported compliance
to physician advice were also assessed. Participants were
asked if they had visited a health clinic in the previous month;
open-ended questions about barriers to clinic use; how often
they are able to follow their doctor’s recommendations for
drugs and insulin, diet, and physical activity; and open-
ended questions regarding what barriers they face in following
these recommendations.

Cost of illness

An estimated cost of illness over the previous 30 days
was also adapted from the DSS survey [12]. Participants

were asked to estimate their out-of-pocket expenses in
the past 30 days for the following: pharmacy expenses/
drugs (including insulin, oral medication, glucose strips,
etc); traditional healer/village doctor; visit to a license
practitioner/private doctor; visit to the DAB clinic (ex-
cluding lab and diagnostic fees); medicine bought at a
shop/market; hospital admission fees (excluding lab and
diagnostic fees); lab and diagnostic fees; food and diet
during clinic or hospital visits; transportation to and
from the clinic/hospital; food during the clinic/hospital
visits; and any other fees relating to management or
care for their diabetes or related complications.

Analysis

Descriptive statistics were used to describe sample attributes.
When distributions of variables were skewed, median and
ranges were provided. Statistically significant differences in
proportions were determined using chi-square tests. Analyses
were conducted using SPSS v. 22 (Armonk, NY), and results
were considered statistically significant at p < 0.05.

Results

Sample characteristics can be found in Table 1. The sample
was composed of more women than men (61 vs. 39 %).

The average age of diagnosis of diabetes was 43.4 years
(SD = 11.5 years), and the average duration of diabetes was
5.9 years (SD = 5.2 years). Of the sample, 1 % reported that
they had type 1 diabetes, 11 % reported that they had type 2
diabetes and 88 % did not know which type of diabetes they
had and that information was not available in the medical re-
cords. Overall, 86 % (n = 189) of participants reported at least

Fig. 1 Sample recruitment flow
chart. Asterisk indicates that the
participant was not contacted by
the study staff, but heard of the
study through word of mouth and
asked to participate. The cross
indicates that the participant
agreed to be contacted at a later
date, and the study was completed
before re-contact occurred
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one health effect known to be a complication of diabetes. A
breakdown of self-reported complications and comorbidities
can be found in Table 2. The most commonly reported health
effect was vision impairments such as blurring, dim vision or
blindness (66 %), followed by poor wound healing (29 %) and
dizziness (28%). Sexual dysfunction was reported among 13%
of men (5 % of the entire sample). In examining comorbidities,
hypertension was most commonly self-reported in 45 % of
participants, followed by heart disease and depression (19 and
16 %, respectively).

See Table 1 for full details on anthropometric measures. Of
the entire sample, 30 % were ‘overweight’ or ‘obese’ with a
BMI of 25 kg/m2 or greater; the average BMI was 23.6 kg/m2

(SD 3.3). The averageWHRwas 94.9 (SD 0.076) among men
and 90.3 among women (SD 0.073). For men, 80 % had a
WHR greater than 0.90 and for women 81 % had a WHR
greater than 0.85, the respective cut-offs indicating central
obesity for this population.

Self-care and diabetes management

The most commonly prescribed treatment was the use of both
insulin and oral hypoglycaemic agents (OHA) (49 %), follow-
ed by use of OHA only (47 %), only insulin therapy (4 %) and
no treatment prescribed (0.5 %). Of the 53 % of the sample
that had been prescribed insulin for their diabetes (n = 116),
only 64 % (n = 74) expressed that they felt confident that they
could properly administer insulin. Among the OHA that pa-
tients were taking, metformin hydrochloride was the most
commonly prescribed, followed by gliclazide and pioglita-
zone, either alone or as combination therapy. Of the entire
sample, few participants were using alternative methods of
treatment such as visiting a traditional healer (10 %) or using
traditional remedies (6%) to treat their diabetes. Overall, 90%
had been prescribed a special diet for their diabetes and 89 %
had been prescribed physical activity, while 36 % had been
advised to lose weight.

Table 1 Sample characteristics

Overall (n = 220) Male (n = 86) Female (n = 134) X2 or t test p value

Age, mean (SD) 49.3 years (11.9) 52.6 years (13.1) 47.2 years (10.6) 3.3 0.005

Religion, % (n)

Muslim 80 (177) 70 (60) 87 (117) 10.3 <0.001
Hindu/other 20 (43) 30 (26) 13 (17)

Education, % (n)

Illiterate/no education 31 (67) 14 (12) 41 (55) 51.2 <0.001
Primary school (1–5 years) 27 (59) 16 (14) 34 (45)

Secondary school (6–12 years) 28 (62) 38 (33) 22 (29)

Graduate or more 14 (32) 31 (27) 4 (5)

Occupation, % (n)

Homemaker 56 (123) 0 (0) 92 (123) 184.9 <0.001
Business 16 (36) 41 (35) 1 (1)

Retired 7 (15) 16 (14) 1 (1)

Office non-executive 6 (14) 11 (9) 4 (5)

Farmer 5 (11) 13 (11) 0 (0)

Other 10 (21) 20 (17) 3 (4)

Income (median) (BD taka) (US$) (~$139) (~$181) (~$139)

Number of people in household, % (n)

4 or less 51 (111) 49 (42) 52 (69) 0.15 0.7
5 or more 49 (109) 51 (44) 49 (65)

BMI, % (n)

BMI <18.5 6 (13) 11 (9) 3 (4) 8.3 0.04
BMI 18.5–24.9 64 (140) 63 (54) 64 (86)

BMI 25.0–29.9 28 (62) 27 (23) 29 (39)

BMI 30+ 2 (5) 0 (0) 4 (5)

WHR, mean (SD) 92.1 (0.078) 94.9 (0.076) 90.3 (0.073) 4.5 0.001

At risk, % (n)a 81 (178) 80 (69) 81 (109) 0.042 0.838

Waist circumference, mean (SD) 86.0 cm (9.4) 88.2 cm (9.0) 84.7 cm (9.4) 2.7 0.53

At risk, % (n)b 59 (130) 47 (40) 67 (90) 9.2 0.002

aWaist–hip ratio greater than 90 for men and 85 for women
bWaist circumference greater than 90 cm for male and 80 cm for women
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Overall, 11 % of the sample owned glucometers, for whom
the median glucose self-monitoring frequency was 12 times
per year, ranging from 4 to 156 times; 2 % of the sample
reported testing their urine at home at least once in the previ-
ous year.

Medical records were reviewed from all but one participant
to examine medical tests each patient had undergone. The
most commonly available test result was blood glucose mea-
sures 2 h post-breakfast, available from 86 % of participants,
followed by 63 % with records for fasting plasma glucose,
19 % with records for random glucose tests and 13 % with
records for serum creatinine levels. Measures of HbA1c were
only available from 3 % of patients. Other measures were
available for less than 10 % of the sample.

Clinic visits and barriers to visiting clinics

Participants visited the diabetes clinic on average six times
per year. The average trip to the nearest clinic for diabetes
treatment was approximately 1 h (63 min), by walking in
combination with various forms of public and private trans-
port. The most commonly reported barriers to visiting a
clinic were the high cost of tests and fees for clinic visits
(28 %), being too busy or having to work during the hours
the clinic was open (14 %), and distance from home or
transportation problems in accessing the clinic (12 %).
Other common barriers included not being able to visit
the clinic alone and having no one to take them, as well
as being too ill or unwell to visit.

Barriers to diabetes management

Participants were asked how often they are able to follow a
doctors’ advice for insulin or OHA treatment, diet and phys-
ical activity and what were things that made it difficult to
follow those instructions. More than half (58 %) of the sample
reported that they are always able to follow instructions from
their doctor for insulin or medication, while 21 % could usu-
ally follow instructions and 21 % could sometimes or never
follow the instructions. For prescribed medication, the most
commonly cited barriers were cost of the drugs or treatment
(18 %), the participants felt unwell after the prescribed behav-
iour (11 %), being too busy (7 %) and forgetting to take med-
ication (6 %).

Of the entire sample, 39 % always followed the nutrition
advice from their doctor, while 24 % usually followed this
advice and 44 % sometimes or never followed that advice.
Barriers to following advice for diet were that they did not
like the diet or were still hungry after they ate the prescribed
amount (26 %), they were too busy to prepare the appropriate
meals (19 %), it was too expensive (14 %) and it made the
participants feel unwell (10 %). For physical activity, 53 % of
the sample reported that they always followed doctor’s advice,
20 % usually followed this advice and 25 % sometimes or
never followed recommendations for physical activity.
Common barriers to meeting physical activity recommenda-
tions included being too busy or not having time (26 %), other
health problems (18 %) and physical activity makes them feel
unwell (12 %).

Cost of illness

Participants were asked about various costs associated with
their illness in the previous 30 days. The median cost of par-
ticipants was 725 taka (Tk—Bangladesh currency) (slightly
less than US$10), ranging from no costs (among 26 participants)
to amaximum of 16,200 Tk (slightly more thanUS$200) among
only one participant. Themost significant contributor to expenses
was the cost of drugs and pharmaceuticals to manage diabetes,
followed by the cost of lab and diagnostic fees while visiting
clinics and then the cost of transportation to and from the clinic.
Indirect costs of illness due to losses in earnings were apparent in
5 % of the sample, with a median of 1190 Tk (approximately
US$15) for those participants.

Discussion

Self-management using OHA and insulin was very high.
However, a third of participants reported that they were not
confident in their ability to administer insulin adequately. The
lack of this type of skill may contribute to non-compliance
with doctor’s recommendations for drug or insulin treatment

Table 2 Prevalence of self-reported complications and comorbidities

Number Percentage

Complications

Vision impairments 145 66

Poor wound healing 63 29

Dizziness/glucose shock 61 28

Foot problems 42 19

Swelling/edema in legs 42 19

Sexual dysfunction 11 5

Kidney problems 8 4

Other complications 37 17

Comorbidities

Hypertension 99 45

Heart disease 41 19

Depression 35 16

Hypercholesterolemia 33 15

Stroke 24 11

Kidney disease 7 3

Multiple responses were permitted for complications and comorbidities
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and may lead to poor glycaemic control. Few participants
(<1 %) were prescribed only behavioural interventions, sig-
nificantly less than a previous study of Asian countries includ-
ing Bangladesh [7]. Given the cost barriers to some drug in-
terventions, behavioural interventions may be an area that
warrants further attention and greater emphasis in the rural
Bangladeshi context.

The self-reported prevalence of complications among the
study population was high, suggesting that blood glucose con-
trol may be poor among this population. This is consistent
with recent research suggesting that awareness, treatment
and control of diabetes among Bangladeshi adults is low
[13]. The prevalence of vision complications was overwhelm-
ingly high. There may be other contributors to these high
rates, and this deserves further investigation. In this study,
the prevalence of depression among patients with diabetes
was 16 %, slightly lower than a previous study examining
the prevalence of depression in a rural Bangladeshi population
with diabetes [14]. The present study only accounted for self-
reported depression as compared to a diagnosis of depression,
which may lead to differences in these outcomes.
Interestingly, the reported prevalence of sexual dysfunction
was fairly high among men, even when this condition was
not particularly probed by interviewers. Additionally, not all
participants were gender-matched with interviewers, which
may have led to decreased reporting among male participants
and actual rates may be higher than this study reveals. The
psychological effects of diabetes may significantly influence
quality of life among this sample, and the prevalence and
impact of both depression and sexual dysfunction deserve
further study.

There were several barriers that were consistent across the
various types of self-care. Not surprisingly, cost was the main
barrier to accessing medication, similar to another study on
barriers to diabetes management access in a low-income coun-
try [15]. This is also demonstrated in the cost-of-illness assess-
ment, in which the median cost of illness per month was
equivalent to 8 % of the median monthly income for families.
However, the proportion of those who reported that cost was a
barrier to accessing insulin was lower in this study than pre-
vious research in Bangladesh, perhaps due to our sampling
frame, which included patients who access a clinic for diabe-
tes treatment and who may have improved socioeconomic
status [16]. Cost barriers may also contribute to fewer clinic
visits and decreased access to tests, which can lead to de-
creased monitoring of diabetes management among those
who do not test glycaemic levels at home. For example,
HbA1c is the gold standard for diagnosing and monitoring
diabetes according to the WHO and is recommended every
2 to 6 months in standard care by the IDF; however, it had
only been measured in 3 % of participants in this study [17].
The high cost of the test (approximately 700 Tk or US$9 at the
time of the study—personal communications) is likely a

barrier to using this assessment method. These results are
aligned with previous research which has highlighted the in-
creasing financial hardship due to non-communicable disease
in Bangladesh, with implications for coping strategies for
health-care-related expenses [18].

Another significant barrier was lack of time to purchase
and prepare healthy food and participate in physical activity.
Increasing accessibility to healthy food and promoting physi-
cal activity that is easily accessible, such as brisk walking,
may improve these behaviours and may be a mechanism to
improve blood sugar levels beyond medicinal interventions.

Strengths and limitations

There were several limitations to the study, including the use
of self-report data of complications and comorbidities of dia-
betes and the collection of clinical data from diabetic records.
Additionally, the study only collected information from those
who attended a diabetes clinic in the previous year, who may
have better health behaviours or improved socioeconomic sta-
tus than those who did not attend the clinic. Therefore, the
current findings may be more favourable than the general
population with diabetes, and the results may be less general-
izable to the overall population living with diabetes in rural
Bangladesh. The sample contained more women than men;
however, this is consistent with some studies of the prevalence
of diabetes among women and men in Bangladesh [19].
Strengths of the study include high response rates and the
examination of diabetes medical records to identify services
accessed.

Conclusions

Individuals with diabetes in rural areas of low-income coun-
tries face unique challenges to adhere to lifestyle and clinical
requirements in order to follow prescribed self-care practices.
Improving access to clinics and testing, increasing patient
knowledge and confidence surrounding techniques to manage
blood sugar levels and decreasing the cost of treatment may
improve compliance and decrease complications and comor-
bidities among this population. Additional education or
counselling sessions, through clinics or community health
workers, may help to improve self-efficacy around self-care
practices, with implications for glycaemic control and inci-
dence of complications among this rural population [20].
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Abstract This study aimed to evaluate the effect on diabetic
care of an educational DVD in Jawi, the primary spoken lan-
guage of Muslims in the study area, and pharmacist interven-
tion amongMuslim patients with diabetes treated with insulin.
Type 2 diabetesMuslim patients on insulin treatment and poor
glycemic control (N=143) in one hospital in southern Thai-
land were recruited to participate in a 6-month-period pre- and
post-intervention study. For the intervention, the pharmacist
provided the patients with education using a DVD and then
asked them to show how to use insulin injection. Afterward,
the pharmacist would correct the techniques for patients indi-
vidually. At 6 months after intervention, significant reductions
in glycated hemoglobin (HbA1c) (8.31±1.40 to 7.19±1.15%,
P<0.001), fasting blood glucose (FBG) (195.06±86.14 to
115.81 ± 11.48 mg/dL, P< 0.001), systolic blood pressure
(130.62 to 126.57 mmHg, P=0.004), triglycerides (183.36
±90.48 to 182.31±90.68 mg/dL, P<0.001), and total choles-
terol (199.57 ± 68.77 to 194.97 ± 64.77 mg/dL, P= 0.006)
were detected in patients who received the intervention. In-
creased low-density lipoprotein cholesterol (LDL-C) level

(P=0.028) but no significant change in high-density lipopro-
tein cholesterol (HDL-C) were found (P=0.900). Moreover,
medication adherence, diabetes knowledge, and skill in using
insulin injection improved at the end of the study (P<0.001).
In conclusion, the combination of language-specific educa-
tional DVD and pharmacist intervention appears to improve
the short-term outcomes of diabetes care in Muslim patients
on correctional insulin therapy.

Keywords Multimedia . DVD . Pharmacist . Intervention .

Muslim . Diabetes

Introduction

Diabetes mellitus presents an important public health problem
worldwide. The global prevalence of diabetes is fast growing,
affecting 347 million people in 2014. The growth mainly oc-
curs in developing countries (69 %), resulting from the rise in
overweight, obesity, and physical inactivity [1–3].

Diabetes has become a primary cause of morbidity and
mortality from microvascular and macrovascular complica-
tions [4]. Cardiovascular disease is the leading cause of death
in 50 % of people with diabetes [1]. However, good glycemic
control is related to reduced risk of the complications [5–7].
The goal of glycated hemoglobin (HbA1c) of <7 % is recom-
mended [8]. Approximately 90 % of individuals with diabetes
worldwide are type 2 [1]. In the treatment of type 2 diabetes,
patients may receive insulin therapy if they are newly diag-
nosed as having diabetes with obvious symptoms and/or hy-
perglycemia or are nonresponsive to noninsulin antidiabetic
agents at maximum dose within 3–6 months of treatment [8].

Nonetheless, many patients receiving insulin treatment
have poor glycemic control [9]. Factors associated with poor
glycemic control include inadequate knowledge and non-
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adherence to treatment [10, 11]. Additionally, skill deficits
about the insulin injection technique were also associated with
not achieving the glycemic goal [10].

Although the exact prevalence of diabetes in the entire
Muslim population has not been reported, a study in India
found that the prevalence of such a condition was 16.6 % in
Muslims [12]. Diabetes has been recognized as the biggest
cardiovascular risk factor in the Muslim world, accounting
for 80 % of cardiovascular cases [13]. Dietary habits may play
a crucial role. Muslim diabetic patients with poor glycemic
control should receive educational intervention to improve
the clinical outcomes. Muslims in some regions are a minority
and use specific languages, such as Persian or Jawi, in their
daily life. Most of them cannot communicate with official
languages spoken by the majority in the regions, including
their health professionals. About 78 % of the Muslim popula-
tion in Thailand reside in the south of the country [14] and use
Jawi as a spoken language especially in the deep south. Only
21.4% of patients with diabetes in this region were reported to
achieve the goal of treatment [15]. The language barrier may
be one of the explanations for poor glycemic control. There-
fore, the appropriate intervention is important in this group of
patients.

Evidence also suggests that interactive multimedia is effec-
tive for health education [16–18]. Numerous studies have
demonstrated the potentials of pharmacists in diabetic care
[19–21]. This study employed multimedia in the Jawi lan-
guage to educate Muslim patients on the awareness of diabe-
tes, self-management, and insulin use, combined with phar-
macist intervention. We hypothesized that this educational
DVD together with pharmacist intervention would improve
the outcomes of diabetic care among Muslim patients on in-
sulin treatment. The objective of this study was to investigate
the effects of educational DVD in Jawi together with pharma-
cist intervention on the outcomes of diabetic care in Muslim
diabetes patients on insulin therapy.

Method

Study design and setting

A pre- and post-intervention study was performed with a 6-
month patient follow-up. This study was conducted in one
hospital located in Yala province in the deep south of Thailand
using convenience sampling. In the four provinces located in
the deep south of the country, the proportion of Muslim resi-
dents ranges from 32 to 87%. At the time of the study, 77% of
residents in Yala were Muslims and their native language was
Jawi. The prevalence of people with diabetes in this province
was around 7%. Of these, only 21.3% had adequate glycemic
control—lower than other provinces in this area [14, 15, 22].

In Yala, 47.5 % of the population had less than secondary
level of education. Approximately, half had occupation in ag-
riculture and the average income per person per year was
about 2200 euro (1 euro=41 baht). The major ethnicity was
Malayu Thais, followed by Thais and Chinese Thais. The
majority of religion was Islam (77 %), followed by Buddhism
(23 %) and Christianity (<1 %). By contrast, the religious mix
in the whole country comprised Buddhism (94 %), followed
by Islam (5 %) and Christianity (1 %) [14].

The study site was a secondary hospital with no residency
program for clinical training of health care professionals. Sev-
en general practitioners were on duty for caring for patients
with acute or chronic diseases. In severe cases, the patients
would be referred to tertiary hospitals.

Usual care pre-intervention

Patients with diabetes received usual medical care with a phy-
sician every 2–3 months. At each follow-up visit, blood pres-
sure, body weight, and information about patient health prob-
lems were reported by nurses. In addition, fasting blood glu-
cose (FBG)was measured by laboratory staff. HbA1c and lipid
profile (i.e., low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), triglycerides,
and total cholesterol) were monitored on an annual basis.
Next, the patient visited a physician and afterward received
the prescribed medications from a pharmacist. The pharmacist
checked the accuracy of the medications and drug-related
problems and then advised the patient about the drug use
(name, dose, and possible precautions/warnings).

When a patient had above 7 % of HbA1c or 126 mg/dL of
FBG, the pharmacist delivered a brief diabetes recommenda-
tion focusing on drug utilization and self-care.

For those who received the prescription with insulin for the
first time, a pharmacist instructed patients on how to perform
the injection. Next, the patient had to show the steps of injec-
tion technique and corrections were made by the pharmacist.

Patient recruitment

Study patients were recruited from the outpatient diabetes
clinic at the hospital site. Eligibility criteria were at least
18 years of age, Muslim patient, being diagnosed with type
2 diabetes, receiving insulin treatment, and having HbA1c lev-
el >7 %. Exclusion criteria were inability to use insulin injec-
tion by him/herself, pregnancy, and breastfeeding.

To determine sample size, calculation was based on data of
Huang et al. showing a standard deviation (SD) of 1.43 % and
1.00 % of HbA1c [18], difference of 0.5 % in HbA1c, type I
error of 0.05, and a power of 80 %. A sample of 96 patients
was required.

All diabetic patients who met the inclusion criteria and did
not meet the exclusion criteria were asked to enroll in the
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study. The sampling method used in this study was conve-
nience sampling.

Educational DVD production

The aim of the 12-min educational DVD was to increase
knowledge on diabetes, self-management, and insulin injec-
tion technique. Contents of the DVD comprised two compo-
nents: (i) slides with illustrations and verbal narrations and (ii)
a video. The first component was approximately 5 min in
length, covering an introduction to diabetes, symptoms, com-
plications, and self-care. The video in another component ex-
plained the steps of insulin injection. The first version of DVD
was in Thai, the official language spoken by the majority of
Thai people. The content validity of the first version was ver-
ified by two lecturers in clinical pharmacy from the Faculty of
Pharmaceutical Sciences, one physician, and two pharmacists
who practiced in the diabetes clinic of the hospital. After re-
vision, the text was assessed by threeMuslim diabetes patients
for clarity. The revised text was then pre-tested in another
three Muslim patients. All Muslim patients in the testing were
able to communicate in the Thai language.

To obtain a Jawi version of the DVD multimedia, the Thai
version was independently translated into Jawi by two bilin-
gual Muslims, one a teacher of Islam studies and the other a
hospital officer, and a consensus reached. Then, back transla-
tion from Jawi into Thai version was independently performed
by another bilingualMuslimwho was another teacher in Islam
studies. All translators were fluent in both Thai and Jawi and
understood Islamic culture. Subsequently, the Jawi version
was piloted with three Muslims who did not speak Thai.

Study procedures

The research pharmacist informed the eligible patients of the
study objectives and procedures verbally in Jawi and also
gave the written information sheet to patients and their rela-
tives. Those who agreed to participate in the study were asked
to sign the informed consent. In addition, the participants were
asked to bring all vials of insulin to the pharmacist at every
hospital visit during the study for measuring insulin adher-
ence. Medication adherence was determined by the insulin
used by the patients multiplied by 100 and divided by the total
volume of insulin dispensed.

At the first visit, patient baselines were measured, includ-
ing HbA1c, FBG, blood pressure, lipid profile, body mass
index (BMI), adherence to insulin therapy, knowledge on di-
abetes, and skill in insulin injection. Subsequently, the patients
received education via DVD multimedia in the hospital. Fol-
lowing the DVD intervention, the researcher pharmacist asked
each patient to demonstrate how he/she used insulin injection,
and then corrected the identified wrong steps or techniques
individually. The demonstration and correction were repeated

until the patient correctly used insulin. Furthermore, the re-
searcher would give recommendations if the patients had
problems about the prescribed pharmacotherapy or self-man-
agement. In the next three visits two months apart, they also
received educational intervention via DVD and were assessed
for their ability to use insulin correctly. At the last visit,
HbA1c, FBG, blood pressure, lipid profile, BMI, insulin ad-
herence, knowledge on diabetes, and skill in insulin injection
were assessed again.

Outcome measurement

The primary outcome was the change in HbA1c value, mea-
sured at baseline and at 6 months after intervention. The sec-
ondary measures included the changes in FBG, blood pres-
sure, lipid profile, BMI, insulin adherence, diabetes knowl-
edge, and skill in using insulin. The patient knowledge about
diabetes was assessed with a questionnaire developed by
Wongwiwatthananukit and Lohavisavapanich [23] with
permission from the researchers.

Statistical analysis

Categorical data at baseline and at the end of the study were
compared using McNemar chi-square test. Comparisons of
continuous data were analyzed with paired t test. A P value
of <0.05 indicated statistical significance. Analyses were con-
ducted with SPSS version 22.0 (SPSS Inc., Chicago, IL,
USA).

The distribution of the primary outcome of the study
(HbA1c value) was tested by examining the quartile-quartile
plot. Nearly all data lay on the standard normal distribution
line indicating their normal distribution.

Results

Initially, the study recruited 153 Muslim patients on insulin
treatment. Of these, ten dropped out: three died, four left the
city, and three permanently moved and received care from
other hospitals.

Characteristics of 143 patients who completed the study are
presented in Table 1. The majority were female (62.2 %), had
lower than secondary school education (66.4 %), and worked
in the agricultural sector (65.0 %). The mean (+SD) age was
54.57±10.51 years and mean (+SD) duration of diabetes 6.20
±3.34 years. Table 2 shows that after 6 months of educational
DVD and pharmacist intervention, significant decreases were
detected in HbA1c, FBG, systolic blood pressure (SBP), tri-
glycerides, and total cholesterol as compared to baseline
(P<0.05). Conversely, a significant increase was observed
in LDL-C (P = 0.028). Diastolic blood pressure (DBP),
HDL-C, and BMI showed no significant improvements
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(P>0.05). As shown in Table 3, insulin adherence, knowl-
edge on diabetes, and skill in correct insulin injection were
significantly enhanced at the end of the study (P<0.001).

Discussion

This study demonstrated that improvement of glycemic con-
trol, blood pressure, medication adherence, and knowledge
among Muslim patients treated with insulin can be achieved
with educational DVD and pharmacist intervention.

The finding on HbA1c reduction after intervention is con-
sistent with that of Jarab et al. who reported a 0.8 % decrease
in HbA1c in type 2 diabetes patients following education from
a clinical pharmacist with weekly telephone follow-up, where-
as those in the control group with usual care had an increase of
0.1 % of HbA1c from baseline (P=0.019) [21]. Al Mazroui
et al. indicated a 1.6 % reduction in HbA1c in patients with
type 2 diabetes participating in a pharmaceutical care program
relative to a 0.1 % reduction in control group patients
(P<0.001) [24]. However, pharmacist interventions in these
studies were rather intensive, such as education delivery by
pharmacists with regular follow-up calls or comprehensive
pharmaceutical care program. These interventions may be ap-
plicable in the settings where pharmacist manpower is suffi-
cient. On the contrary, the pharmacist intervention in the pres-
ent study focused on counseling, multimedia education with
the major role of pharmacists emphasizing the assessment,
and correction of skill in using insulin, the crucial and
prone-to-error component in diabetes control. Our interven-
tion may be appropriate in the pharmacies with a heavy work-
load. The DVD multimedia had played an important role in
improving patient knowledge. The educational DVD signifi-
cantly enhanced awareness of Muslim patients on diabetes,
disease management, and self-care (P<0.001). Previous stud-
ies also found that the DVD was effective as an educational
instrument to increase patient awareness [16–18]. The DVD
multimedia is able to present words, illustrations, animations,

Table 1 Characteristics of patients (N= 143)

N (%)

Gender

Female 89 (62.2)

Male 54 (37.8)

Age range (years)

<30 1 (0.7)

30–39 13 (9.0)

40–49 32 (22.4)

50–59 58 (40.6)

60–69 31 (21.7)

70–79 8 (5.6)

Age (mean ± SD) 54.57 ± 10.51

Education

<Secondary school 95 (66.4)

≥Secondary school 48 (33.6)

Occupation

Agriculture worker 93 (65.0)

Housewife 17 (11.9)

Merchant 14 (9.8)

Unskilled worker 11 (7.7)

Othersa 8 (5.6)

Current smoking 54 (37.8)

Current alcohol drinking 1 (0.7)

Duration of diabetes (years) 6.20 ± 3.34

Other underlying disease

Hypertension 126 (88.1)

Dyslipidemia 123 (86.0)

Cardiovascular disease 9 (6.3)

Presence of complications

Neuropathy 19 (13.3)

Chronic kidney disease 15 (10.5)

Foot ulcer 5 (3.5)

a Such as government officer and unemployed

Table 2 Comparison of clinical
parameters at pre-DVD and 6-
month post-DVDwith pharmacist
intervention (N= 143) (mean
± SD)

Pre-DVD 6-month
post-DVD

Mean difference
(95 % CI)

P value

HbA1c (%) 8.31 ± 1.40 7.19 ± 1.15 −1.12 (−1.40, −0.84) <0.001

FBG (mg/dL) 195.06 ± 86.14 115.81 ± 11.48 −79.24 (−93.48, −65.01) <0.001

Systolic blood pressure (mmHg) 130.62 ± 22.16 126.57 ± 10.82 −4.05 (−6.82, −1.28) 0.004

Diastolic blood pressure (mmHg) 77.55 ± 10.63 78.46 ± 9.81 0.91 (−0.05, 1.87) 0.063

LDL-C (mg/dL) 122.12 ± 40.66 124.19 ± 39.89 2.07 (0.23, 3.91) 0.028

HDL-C (mg/dL) 37.01 ± 7.86 37.00 ± 7.78 −0.01 (−0.12, 0.10) 0.900

Triglyceride (mg/dL) 183.36 ± 90.48 182.31 ± 90.68 −1.06 (−1.47, −0.64) <0.001

Total cholesterol (mg/dL) 199.57 ± 68.77 194.97 ± 64.77 −4.60 (−7.88, −1.32) 0.006

BMI (kg/m2) 25.93 ± 6.41 25.83 ± 6.25 −0.10 (−0.23, 0.04) 0.167
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and video facilitating the learning and understanding of the
presented materials. There are many explanations for the ef-
fectiveness of the DVD in enhancing patient knowledge. First,
the DVD content contained relevant knowledge which was
needed by diabetes patients. Second, the media was created
in Jawi, the spoken language of Muslims in the study area.
These characteristics made it easy for Muslims to understand.
Third, the educational DVD attracted patient interest by using
color pictures, audio, and video. Higher levels of diabetes
knowledge have been reported to be related to better glycemic
control [25]. Beyond knowledge improvement, multimedia
was also helpful in improving self-care behaviors [26, 27].
The increased awareness on diabetes of the patients may lead
to lifestyle modification and, consequently, improved glyce-
mic control.

Cardiovascular disease (CVD) is a leading cause of death
in patients with diabetes. Although diabetes itself is a risk
factor of CVD complications, its co-pathologies (e.g., hyper-
tension and dyslipidemia) also increase the risk [6, 8]. The
American Diabetes Association recommends health profes-
sionals to advise lifestyle changes to diabetic patients with
blood pressure >120/80 mmHg [8]. In this study, blood pres-
sure of the patients declined from 131/78 mmHg at baseline to
127/78 mmHg at 6 months after educational DVD and phar-
macist intervention (P=0.004 for SBP). Although the differ-
ence in DBP was not significant (P=0.063), these values both
at baseline and at the end of the study met the treatment goal.
On lipid profile, a study by Phumipamorn et al. found that
LDL-C reduction in Muslim diabetics who received a diabetic
pamphlet and one-on-one education with the pharmacist was
greater than those in a control group (−15.0 vs. +9.1,
P=0.002) [28]. Conversely, Muslim patients in the current
study had an increased level of LDL-C after DVD and phar-
macist education. This could be explained by the fact that the
focus of the DVD content was not predominantly on self-care
behaviors of patients with dyslipidemia but on diabetes. As a
result, the patients may be less concerned with lipid control
than glucose control. Further study should develop more

intensive education on the importance of lipid management
such as dietary control, physical activity, and weight control if
overweight [8].

It has been proven that low levels of HDL-C, below
40 mg/dL, increase the risk of cardiovascular morbidity
and mortality [29]. Several studies investigated the impact
of strategies on HDL-C improvement such as pharmacist
or video education [18, 26, 28]. Unfortunately, these inter-
ventions did not result in an increase in HDL-C levels. It is
possible that intervention should be provided over a longer
period or be more intensive. Evidence suggests that life-
style changes such as exercise and weight control raise
HDL-C levels [29, 30].

Potential barriers to appropriate insulin use were insuffi-
cient knowledge among patients, their negative perceptions
of treatment, and their low level of confidence in their ability
to use injection [11, 31]. To achieve the effectiveness of treat-
ment, identification and resolution of barriers are important
for health providers. In this study, DVD multimedia primarily
successfully educated the patients on the knowledge about
diabetes and management. Furthermore, the pharmacist
assisted the patients to overcome the obstacles by giving ad-
vice for those who needed help and re-educated them on how
to correctly use insulin injection. Demonstrations of using
insulin by patients and supportive feedback from the pharma-
cist may improve patients’ confidence when taking the drug.
At baseline, 14.7% ofMuslim patients reported that they were
afraid to use insulin; nevertheless, at the end of the study, only
4.7 % had that negative perception (data not shown in the
results). Positive attitudes among those with DVD and phar-
macist intervention may lead to increased levels of medication
adherence. It has been shown that patients having more dia-
betes knowledge or greater self-confidence are more likely to
comply with the treatment [25, 31, 32]. Medication adherence
predicts glycemic control [33]. Additionally, DVD multime-
dia reduced the burden of pharmacists in educating patients. It
has been reported that excess workload of health providers
reduced the quality of patient care [34].

Table 3 Comparisons of
medication adherence,
knowledge on diabetes mellitus,
and skill in insulin use at pre-
DVD and 6-month post-DVD
with pharmacist intervention
(N = 143) (mean ± SD)

Score
range

Pre-DVD 6-month
post-DVD

Mean difference
(95 % CI)

P value

Insulin adherence 66.83 ± 13.64 81.23 ± 7.01 14.40 (11.47, 17.33) <0.001

Knowledge on diabetes and management

Disease 0–5 2.68 ± 0.93 4.13 ± 0.73 1.45 (1.26, 1.65) <0.001

Symptoms 0–1 0.66 ± 0.47 0.83 ± 0.38 0.17 (0.08, 0.26) <0.001

Complications 0–4 0.73 ± 0.98 2.87 ± 0.79 2.14 (1.96, 2.32) <0.001

Food 0–3 0.90 ± 0.47 1.49 ± 0.60 0.59 (0.48, 0.71) <0.001

Self-care 0–5 0.82 ± 0.74 3.22 ± 0.94 2.39 (2.19, 2.60) <0.001

Drug use 0–3 0.86 ± 0.65 2.87 ± 0.42 2.01 (1.89, 2.13) <0.001

Total score 0–21 6.66 ± 2.17 15.42 ± 1.80 8.75 (8.32, 9.19) <0.001

Skill in using insulin injection 0–12 8.37 ± 1.59 11.84 ± 0.50 3.47 (3.20, 3.74) <0.001

Int J Diabetes Dev Ctries (July–September 2016) 36(3):327–333 331



To our knowledge, this is the first study to use DVD mul-
timedia as an education resource for diabetes patients who are
unable to communicate with their health professionals be-
cause of the language barrier. The current study has some
limitations. First, the DVD education was developed for only
diabetic Muslims who used the Jawi language and were treat-
ed with insulin therapy. This may limit the generalizability of
the findings. However, this study provided a strategy for pa-
tient intervention that was associated with a positive impact on
clinical outcomes of patients with chronic diseases. Second,
this research was conducted in one study site and this may
restrict the representation of, and generalization to, other hos-
pitals. Third, we invited all patients with diabetes and treated
with insulin to participate in the study using convenience sam-
pling. Hence, our sample may or may not represent the pop-
ulation. Fourth, there was no control group in this study be-
cause of the limited number of eligible patients in the study
site. Moreover, the benefits of the intervention were foresee-
able when compared to the usual pharmacy care at the study
site where patient exposure to pharmacy education was very
limited. Therefore, a randomized controlled trial was not
employed as the study design. However, evidence of this ef-
fectiveness warrants further evaluation by randomized con-
trolled studies. Fifth, this study was a pre-post study rather
than an experimental study. Accordingly, the observed effects
of the intervention may be confounded by many factors such
as pre-test effects and experimental reactants. Future studies
should include a comparable control group in the experimen-
tal study design. Sixth, the adherence measurement was fo-
cused on only insulin. However, adherence to other antidia-
betic and non-antidiabetic medications and other aspects of
self-care is also necessary and should be evaluated in further
research. Finally, the present study had a follow-up of
6 months; therefore, the effect of the intervention reported
here reflects only short-term impact. Additional research
should evaluate the impact of this strategy in a longer period
such as 12 months.

Conclusion

Language-appropriate DVD and pharmacist education result-
ed in significant improvement in clinical outcomes, particular-
ly glycemic control, medication adherence, knowledge about
diabetes, and techniques in injecting insulin among Muslim
patients. The appropriate DVD multimedia could augment
pharmacist intervention to enhance favorable outcomes
among Muslim diabetics. The multimedia should be integrat-
ed into diabetes care especially for Muslim patients.
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Abstract Ulceration of the feet, which can result in loss of
limbs and even death, is one of the major health problems for
people with diabetes mellitus. The aim of this study was to
evaluate the impact of foot care education on patient aware-
ness of the importance of foot care, their foot care-related
behavior and sense of self efficacy in being able to take care
of their own feet in Turkey. The study was a randomized
controlled study. Ninety patients with diabetes mellitus were
followed. Cases were stratified by the presence and absence of
education on foot care. Foot care education relevant to the
needs of the study group was developed on the basis of
Bandura’s social learning theory. The diabetic foot care self
efficacy scale (DFCSES), the foot self-care behavior scale
(FSCBS), and the diabetic foot knowledge subscale (DFKS)
were used to evaluate, at 3-month intervals, the knowledge
patients had about foot care before and after receiving the
education. The scores for DFCSES, FSCBS, and DFKS of
the experimental group increased during follow-up in the
study group receiving foot care education while the scores
of the cases in control group did not change. Education is a
major tool for improvement in awareness of foot care in cases
with diabetes mellitus. Self-efficacy levels of individuals regard-
ing foot care should be evaluated, and accordingly, individual
strategies should be developed to provide efficient foot care.

Keywords Diabetic foot . Education . Nursing practical .

Self-efficacy

Introduction

Diabetes is a complex, chronic illness requiring continuous
medical care with multifactorial risk-reduction strategies be-
yond glycemic control. Ongoing patient self-management ed-
ucation and support are critical to preventing acute complica-
tions and reducing the risk of long-term complications [1].
The International Diabetes Federation (IDF) estimates that
there were 381.8 million people with diabetes in 2013 [2].
According to the results of the Turkish Diabetes Epidemiolo-
gy (TURDEP-II) study, the incidence of diabetes in adults in
Turkey affects 13.7 % of the adult population and is continu-
ally rising. Commensurate with this increase, micro- and
macrovascular complications associated with diabetes are also
growing and are becoming a burden on the country’s economy
[3].

One of the major health problems associated with diabetes
mellitus is foot ulceration. It is estimated to affect 15 to 25 %
of people with diabetes at some time in their lives [4]. Foot
ulcers lead to physical disability and loss of quality of life.
Because of its high morbidity and mortality, diabetic foot is
a worldwide economic burden [5]. Diabetes-related foot prob-
lems increase rates of admission to acute and community
health services [6, 7]. Forty to 70 % of lower extremity am-
putations are attributed to diabetes. While there are no data in
Turkey directly linking diabetes with the foot, it is estimated
that at least half a million diabetics have diabetes-related foot
ulcers [8].

In 1989, the European Declaration of St. Vincent aimed to
reduce amputations caused by diabetes mellitus by 50 % [9].
International guidelines have stressed the importance of re-
ducing the incidence of foot ulceration. In addition to meta-
bolic control and screening for this problem, education to
encourage foot self-examination and improve foot care
knowledge was recommended [1, 10]. Thus, the best and
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cheapest treatment is prevention. Regular monitoring and pre-
ventive behavior, achieved through the training of diabetics, is
crucial [11].

Patient education is an important element of diabetes care,
with demonstrated benefits for knowledge, skills, and self-
care behaviors [12]. Foot self-care has a significant impact
on prevention of foot complications in diabetes [4]. By en-
hancing their awareness and knowledge, educating patients
with diabetes about foot self-care prevents ulcer-related com-
plications [4, 13]. However, people with diabetes often do not
practice the kind of foot care required to maintain healthy feet.
Patients’ sense of self-efficacy predicts behavior inmany areas
of health [14]. Therefore, when foot self-care education is
introduced, the knowledge, self-efficacy, and behavior of dia-
betic patients with respect to foot self-care improve and the
incidence of foot ulceration and lower extremity amputation
declines [5, 13–15].

Self-efficacy is a component of Bandura’s social cognitive
theory, which is a social learning theory. Bandura’s social
cognitive theory advocates the use of demonstration in diabet-
ic foot care instruction. Demonstrating foot care can increase
self-efficacy in foot care behaviors by providing both an active
mastery and vicarious experience. According to Bandura
(1989), people learn through observation due to the effects
of imitation [16, 17]. The modeling effect, which includes
the acquisition of novel responses, can be applied to the learn-
ing of foot care behaviors when nurses show foot care and
patients return with a foot care demonstration. Furthermore,
verbal persuasion by healthcare professionals can also influ-
ence foot care behaviors [18].

Previous studies have demonstrated that training patients
with diabetes can enhance foot care practices. Studies found
that while patients had received instruction in foot care, they
did not apply what they had learned. The social cognitive
theory has been useful in explaining this lack of practice
[19]. Hurley evaluated self-efficacy in patients with diabetes
and emphasized the importance of self-efficacy in foot care
practices [20].

Most studies in Turkey on diabetic foot care have been
done to determine general status. Research shows that dia-
betics have enormous problems with their feet and that the
reason for this is inadequate foot care. It has been sug-
gested that foot care education programs for these patients
would be beneficial [21–23]. However, there have been no
studies of planned education programs designed to meet the
foot care needs of diabetic patients in Turkey. In addition,
studies have been void of valid scales for assessing foot
care and behaviors.

The aim of this study was to evaluate the impact of educa-
tional intervention in diabetic patients by comparing studies
done in Turkey and in other countries. The intervention in-
cluded activities emphasizing self-efficacy, which entailed
having patients practice foot self-care strategies [16]. We

expected improved foot care behavior and, consequently, a
decrease in foot complications.

Material and methods

Study design

The current study is a randomized controlled intervention
study. The study was carried out in the Diabetes Department
of Cerrahpasa Medical Faculty, Istanbul University in Turkey.

Subjects

The study comprised individuals who had received a diagno-
sis of diabetes at least 1 year prior to the study, were 40 years
or older, and voluntarily agreed to participate in the study.
Individuals with severe retinopathy, hearing loss, or psychiat-
ric diagnoses were excluded from the study.

We used power analysis techniques in calculating the sam-
ple size. The study population included a total of 90 individ-
uals, 45 experimental and 45 control subjects (α 95 %, power
80 %). Simple randomization method was used to form the
experimental and control groups. A list of the names of the 90
subjects was drawn up. Then, subjects with odd numbers on
the list were put into the experimental group while those with
even numbers were put into the control group.

The chi-square test was used to test differences in categor-
ical parameters between the two groups; no significant differ-
ence was found (p> .05). Thus, it was proven that individuals
selected for the experimental and control groups were split
homogeneously in terms of individual characteristics before
the intervention (0 month) (Table 1).

Practices

Diabetic foot care self-efficacy scale (DFCSES) for sense of
self-efficacy, Foot self-care behavior scale (FSCBS) for foot
care behavior, and Diabetic foot knowledge subscale (DFKS)
for foot care knowledge were used for the all subjects enrolled
in the study [18, 24, 25].

Practices for the experimental group After the initial eval-
uation, foot care education was provided by researcher to each
patient in the experimental group. An educational booklet
designed to raise the self-efficacy of patients regarding foot
care was prepared by the researcher and given to the patients.
Education was provided on a one-to-one basis, with each ed-
ucation session taking approximately 30–45 min. Education
was performed by using mixed learning methods consisting of
lecture, question-answer, demonstration, and practice.

Education Booklet included information on: (i) the healthy
foot, (ii) diabetic foot complications, (iii) how diabetes affects
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your feet, (iv) frequently occurring foot problems, (v) surveil-
lance of early foot problems, (vi) how to check your feet and
problems to look for, (vii) nail and skin care, (viii) how to
choose a shoe and footwear, (ix) preventing foot injuries,
and (x) regular check-ups.

The educational program included scales.

Practices for the control group Education and follow-ups
of the control group continued in the outpatient environ-
ment. The researcher did not attempt to intervene in the
control group. Both the control and the experimental group
were given appointments for the first, third, and sixth
months. Measurements were taken at these appointments
only for the control group. Neither the educational program
nor the educational booklet was given. Standard care of the
control group was provided by nurses. Standard care in-
cluded routine laboratory follow-ups.

Data collection

Data collection tools prepared by the researcher were applied
to all patients enrolled in the study. The BDiabetic Foot Eval-
uation Form,^ which contains assessments of dermatologic,
vascular, neurologic, and musculoskeletal systems of the low-
er extremities, was filled out for each participant (http://www.
tdhd.org/dhd_kitap/12blm.pdf, pg138-139) [26, 27]. Based
on the findings of physical examination, risk assessment was
done by using the BBest Practice Guideline Shaping the Future
of Nursing; Reducing Foot Complications for People with
Diabetes^ (Appendix C–D) [28].

The DFCSES instrument (9 items) was developed by
Quarles. The self-efficacy items are addressed using an inter-
val scale ranging from 0 to 10, with 0 indicating Bfeeling not
capable^ and 10 being Bfeeling the most capable^
(Appendix A) [18]. The Turkish version of the tool was found
to have a high level (α= .86) of internal consistency [29].

Table 1 Baseline characteristics
of participants after
randomization (N = 90)

Variables Experimental group (n= 45) Control group (n = 45) χ-square p value

n Percentage n Percentage

Gender

Female 21 (46.7) 31 (68.9) χ= 4.55 p= .05
Male 24 (53.3) 14 (31.1)

Marital status

Married 37 82.2 34 75.6 χ= 0.60 p= .43
Single 8 17.8 11 24.4

Education level

Literacy 2 4.4 7 8.9 χ= 4.09 p= .25
Primary school 24 53.3 17 37.8

Secondary school 14 31.1 15 33.3

High school/univers. 5 11.1 6 13.3

Diabetes type

Type 1 6 13.3 5 11.1 χ= 0.10 p= .74
Type 2 39 86.7 40 88.9

Treatment type

Diet 1 2.2 2 4.4 χ= 1.09 p= .77
Insulin 8 17.8 11 24.4

Oral hypoglycemic 11 24.4 9 20.0

Insulin, oral medications 25 55.6 23 51.1

Compliance to diabetes

Good 22 48.9 24 53.3 χ= 0.93 p= .62
Fair 16 35.6 17 37.8

Poor 7 15.6 4 8.9

A1C ≥7.0 (%) 34 75.6 30 66.7 χ= 0.865 p= .486

BMI >24.9 (kg/m2) 40 88.9 40 88.9 χ= 0.000 p= 1.000

Experimental group Control group p value

n X ± SD n X ±SD

Age 45 60.2 ± 9.9 45 61.0 ± 9.6 .683

Diabetes duration (years) 45 13.3 ± 10.0 45 13.0 ± 8.1 .884
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The Foot Self Care Observation Guide (16 items), which
developed by Borges, was adapted by the researcher to create
the Turkish-version Foot Self-Care Behavior Scale (FSCBS;15
items). Upon the advice of experts, the questions pertaining to
the selection of socks were merged as B13. Socks are clean,
cotton and soft.^ [25]. Patients were asked to choose the most
suitable response [Bnever,^ Brarely,^ Bsometimes,^ Boften,^
and Balways^] to each question (Appendix B). The Cronbach’s
alpha internal consistency of the scale was .83 [30].

Foot self-care knowledge was measured using a foot self-
care subscale (DFKQ; 5 items) from the DKQ-24, which was
developed by Garcia et al. [24]. Potential response choices for
the DFKQwere (1)BYes,^ (2) BNo,^ (3) BI don’t know.^ Items
were scored as correct or incorrect, and the correct items were
summed to attain a total score (Appendix E). The five-item
foot self-care subscale had a Cronbach’s alpha of .58.

The required permission was obtained from the authors of
the three scales to use them in the research. All of the scales
were translated into Turkish and adapted to Turkish society by
use of a pilot study conducted by the researcher [29, 30]. In the
pilot study, the scales were translated into Turkish (the scale
was translated into Turkish using the translation back-
translation technique by two independent specialists, and then,
the Turkish version of the scale created through common de-
cision of both specialists was translated back into English by
another specialist). The equivalence between the original and
the back-translated versions of the scale was reviewed and
some minor corrections were made, and the content validity
index scores were calculated at appropriate values, which in-
dicated satisfactory agreement among the experts (four acade-
mician nurses, three diabetologists).

The post-randomization data collection instruments were
obtained by using face-to-face interview in the experimental
and control groups. A total of four visits, including before the
intervention, and at the first, third, and sixth months of the
study, were planned for both groups. At each visit, data col-
lection forms were filled out, foot assessments were made by
the researcher, metabolic parameters were recorded and ankle-
brachial indexes were obtained with vascular hand Doppler
USG. After the pre-test evaluations, booklets containing the
demonstration method and foot care education were given to
the experimental group. Appointments for the first, third, and
sixth months were given to both groups after the first inter-
view. Patients’ foot care behaviors, self-efficacies, and foot
care practices were assessed again at these appointments. At
this evaluation appointment, patients’ foot care behaviors,
self-efficacies, and metabolic control parameters, together
with foot care practices, were assessed.

Statistical analysis

Descriptive statistics and chi-square were used to assess the
demographic and disease-related characteristics of

participants. Student’s t test was used to compare the experi-
mental and control groups in terms of mean age and duration
of diabetes. Total scores for each DFCSES, FSCBS, and
DFKQ measure were obtained. Repeated measure analysis
was used to compare these scores at the initial, first, third,
and sixth months.

Ethical issues

Istanbul University Cerrahpasa Medical Faculty ethics com-
mittee approved the study protocol (Voucher no: 21355
22.07.2008), and all participants read and signed an informed
consent form. No patient was forced or obliged to participate
in this study.

Results

Patients with diabetes participating in our study had many nail
and skin problems, and few of them wore special diabetic
shoes (6.7 % in the experimental group and 2.2 % in the
control group). Fifty percent of the cases in both groups were
at high risk for diabetic foot (Table 2).

The results of analyses to determine time-based foot care
self-efficacy, foot care behaviors and foot care knowledge,
and their averages in the control and experimental groups of
the individuals with diabetes are presented as tables and
graphs (Table 3, Figs. 1, 2, and 3).

In the experimental group, the pre-intervention foot care
self-efficacy rose from 56.96 to 75.20 % by the end of the
sixth month. In contrast, it did not change after the initial
intervention at any of the follow-ups (Table 3, Fig. 1). The
difference in the time-dependent changes in DFCSES value

Table 2 The result of loss of sensation, ankle-brachial index (ABI),
deformity, footwear, and diabetic foot risk assessment in each group

Experimental group Control group

n Percentage n Percentage

Neuropathy testing

(Semmes-Weinstein 5.07 monofilament)

Presence loss of sensation 26 57.8 22 48.9

ABI evaluated

Normal range 34 75.6 34 75.6

Foot deformity 16 35.6 14 31.1

Footwear

Standard shoes 42 93.3 44 97.8

Diabetic shoes 3 6.7 1 2.2

Diabetic foot risk assessment

Lower-risk foot 23 51.1 20 44.4

Higher-risk foot 22 48.9 25 55.6

Int J Diabetes Dev Ctries (July–September 2016) 36(3):334–344 337



for the experimental group was significant while it was not in
the control group [F(3, 264)=55.53, p= .0001]. At the end of
the sixth month, the average value of DFCSES for the exper-
imental group increased 32.02 % while the average change in
the control group went up by only 0.07 % (Table 3, Fig. 1).

The initial score of BFoot Self-Care Behavior Scale^
(FSCBS) in the experimental group was 49.02±10.25, and
increased until the third month while it remained stable at
the sixth month. The pre-intervention FSCBS score of the
control group was 54.31±10.21 and remained similar at all
follow-ups (Table 3, Fig. 2). The experimental group’s time-
dependent change in the value of FSCBS was significant, but
it was not for the control group [F(3, 264) = 106.55,
p= .0001]. The average FSCBS change between initiative
and last tests in the experimental group was +26.6 % while
the average change in the control group was −0.07 %.

The pre-intervention DFKS score of the experimental
group increased until the third month and remain similar at
the sixth month. On the other hand, no significant change was
detected in the control group [F(3, 264) =32.63, p= .0001]
(Table 3, Fig. 3). The average DFKS change between initia-
tive and last tests in the experimental group was +32.22 %
while the average change in the control group was +5.75 %.

Discussion

Self-efficacy is the individual’s belief that he is able to success-
fully fulfill a desired behavior. The stronger this belief, the more
effort the individual makes to achieve the goal [31]. Individuals
having high self-efficacy were observed to be more successful
in fulfilling the desired behavior [32]. In order to instill positive
health behaviors in patients, improvement of self-efficacy in the
individuals is recommended. However, improvement or devel-
opment of self-efficacy does not occur quickly [33]. In the cur-
rent study, the foot care self-efficacy of the individuals with
diabetes after diabetic foot care education was higher than those
of the individuals not receiving the education.

In Kartal’s study, where the effectiveness of education upon
the management of diabetes was evaluated, the self-efficacy of
the patients who received education was higher than those of
the control group [34]. In a 3-month monitoring study done on
patients with type-2 diabetes by Gleeson-Kreig (2006), the av-
erage scores of the experimental group increased while no in-
crease was seen in the control group [33]. Foot care knowledge,

Table 3 The results of the RM_ANOVA for foot care self-efficacy, behavior, and knowledge

Groups (T0) T1 T2 T3 F(df, n) p value
Before initiative (First month) (Third month) (Sixth month)

Foot care self-efficacy Experimental 56.96 ± 18.04 74.38 ± 13.24 75.62 ± 11.43 75.20 ± 12.10 F(3, 264) = 55.53 p< .0001
Control 63.13 ± 14.87 63.93 ± 14.66 62.96 ± 15.12 63.18 ± 15.26

Foot care behavior Experimental 49.02 ± 10.25 60.84 ± 7.99 62.09 ± 7.38 62.07 ± 7.76 F(3, 264) = 106.55 p< .0001
Control 54.31 ± 10.21 54.31 ± 10.11 54.31 ± 10.43 54.27 ± 10.62

Foot knowledge Experimental 3.44 ± 1.20 4.73 ± 0.69 4.93 ± 0.25 4.93 ± 0.25 F(3, 264) = 32.63 p< .0001
Control 3.60 ± 1.18 3.64 ± 1.19 3.78 ± 1.20 3.82 ± 1.23

Fig. 1 The results of follow-up for foot care self-efficacy in each group Fig. 2 The results of follow-up for foot self-care behavior in each group
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self-efficacy, and foot care behaviors of both of the groups were
assessed before the education, and the assessments were con-
ducted again at the sixth and 12th weeks after education in
Corbett’s study [35]. As a result of the study, a significant
increase in the score was obtained in foot care knowledge,
self-efficacy, and applications in the experimental group while
no significant change was seen in the control group.

Due to the fact that special treatment options specific to
diabetic foot wounds are limited, foot care education and pre-
vention in particular are of the utmost importance [36]. Edu-
cation and regular checkups in the patients with diabetes lead
to improvement in patient self-care and glycemic control, and
the resultant sense of well-being encouraged patients’ adapta-
tion to the community [18, 21, 37, 38].

Although foot care education is generally given within
general diabetes education, previous studies have shown that
many patients with diabetes do not take care of their feet, so
their foot problems continue [18]. Valk et al. (2002) reported
in their study that patient education increased information re-
lated to diabetic foot and attitudes toward feet protection of the
patients with high risk and thus decreased the frequencies of
foot ulcers and amputation [39]. Previous studies have also
shown that educational programs affect foot self-examination
behavior positively [40].

In line with the literature, the present study found that a
steady increment in the average scores of FSCBS of the ex-
perimental group, over time, led to patients provided with
education thinking they could improve their foot care
behavior.

Better foot care knowledge increases foot care practices
[38]. In the study by Kruger and Guthrie, the foot knowledge
and practices scores of the group receiving education in-
creased after 6 months [41]. Dorresteijn found that by

providing diabetic foot care education, foot care knowledge
and self-care behavior developed in a short term [5]. In a study
done by Plummer and Albert (1995) to improve foot care
knowledge and practice in diabetics, persons receiving routine
diabetic care instruction did not sufficiently learn about foot
care and were unsuccessful in putting it into practice [42]. In
our study, foot care practices increased in the experimental
group receiving education as a result of follow-ups. The con-
trol group was monitored routinely, and no difference in the
patients’ knowledge and practices was observed during these
follow-ups. As in the literature, in the present study, planned
education program and foot care knowledge scores increased
in the experimental group.

Meta-analyses of the outcome of diabetes education dem-
onstrate that it is difficult to change behavior through educa-
tion and that the continuity of such education is crucial. As-
sessments performed show that there may be regress in the
behaviors achieved through education after the sixthmonth. In
addition, it has been reported that it is necessary to periodical-
ly repeat education and to do so using additional, creative
ideas. In our study, the greatest change in behavior in diabetics
occurred in the first and third months, with very little change
observed in the sixth month. The results of our study support
those found in the literature [12, 43–46].

When the average DFCSES, FSCBS, and DFKQ scores are
assessed according to the classification of the groups accord-
ing to diabetic foot risk, only the patients in the experimental
group at high risk for diabetic foot had meaningfully high
average DFCSES scores. It has been reported in the literature
that life-threatening situations had an impact on patients’ per-
ception of severity and resulted in the individual engaging in
preventive health behavior [34]. This situation explains the
elevation in self-efficacy scores in high-risk patients.

International foot care guidelines [47] state that education
has a crucial role to play in preventing foot problems in dia-
betic patients, who are at great risk for such problems. There-
fore, we believe that foot care education would function as a
primary means of prevention if, at the very least, a patient
receives instruction shortly after being diagnosed with diabe-
tes and then again at their annual foot screening examinations.

It was observed in our study that positive foot care habits were
developed in patients in the experimental group through foot care
education and examination. During the 6-month follow-up, there
were no new problems associated with diabetic foot.

Limitations of the research

Among the limitations of the research are small sampling size
and short observation period (6months). In addition, one-on-one
training is effective but time consuming, thus making it difficult
to conduct daily in crowded clinics. To overcome this drawback,
the effectiveness of foot care self-efficacy perceptions could be
evaluated by conducting training on larger groups.

Fig. 3 The results of follow-up for diabetic foot knowledge in each group
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Conclusion

Although there is no direct evidence that the incidence of ulcers
and amputations decreases only through education, without any
additional preventive measures, foot care behaviors are impor-
tant in the prevention of diabetic foot. Nurses should provide
health education to improve health-related habits and behaviors
of individuals. All of the education should aim to increase self-
efficacy levels and be continuous so as to translate knowledge
into behavior. Individuals’ self-efficacy levels should be evalu-
ated at each visit, and appropriate individual strategies facilitat-
ing learning should be developed to ensure compliance with
foot care and to increase education attainment.

Future research should evaluate a large sample of patients
with diabetes and long-term evaluation of the foot self-care
educational intervention effects over a 1-year period.

Relevance to clinical practice Nurses should be actively in-
volved in foot care programs in persons with diabetes. These

programs should be adjusted to prevent or decrease diabetic
foot ulcers in high-risk patients. This information should be
used in clinical practice when designing education for patients
with diabetes.
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Appendix A Diabetic Foot Care Self Efficacy Scale (DFCSES)
Instructions: Below is a list of situations related to how you feel or

behave concerning foot care. Mark the scale that follows to indicate how
capable you feel you are regarding the specified situtations. A score of
BO^ means BI do not feel capable at all,^ while a score of B10^ means BI
feel most capable.^

1. How capable do you feel in managing your foot are? 

0        1          2           3          4          5          6          7          8        9     10 

2. How capable do you feel in your ability to check your feet for redness or sores ? 

0        1          2           3          4          5          6          7          8        9     10 

3. How capable do you feel that you could find a reddened area on your foot if one

developed?  

0        1          2           3          4          5          6          7          8        9     10 

4. How capable do you feel in knowing what to do should you find a reddened area or sore

on your foot/toe? 

0        1          2           3          4          5          6          7          8        9     10 

5. How capable do you feel about selecting properly fitting shoes?  

0        1          2           3          4          5          6          7          8        9     10 

6. How capable do you feel about wearing socks correctly? 

0        1          2           3          4          5          6          7          8        9     10 

7. How capable do you feel about checking the inside of your shoes for foreign objects

before putting on your shoes?  

0        1          2           3          4          5          6          7          8        9     10 

8. How capable do you feel about having the proper temperature for bath water?   

0        1          2           3          4          5          6          7          8        9     10 

9. How capable do you feel about requesting that your doctor check your feet at every visit?  

0        1          2           3          4          5          6          7          8        9     10 



Appendix B

Appendix C: Risk Assessment Algorithm Foot Care
Risk Reduction Guideline

For all persons with diabetes over age 15 years (excluding women
with gestational diabetes). Consider when best initiated for the individual,

given priority within current issues and appropriateness of education on
this issue at this time.

Assessment of the five factors strongly correlated with risk of the foot
ulcer/amputation should be performed at least annually.

Table 4 Foot Self-Care Behavior Scale(FSCBS)

always (5) often (4) sometimes (3) rarely (2) never (1)

Foot care items

1. Checks temperature of water

2. Dries between toes after washing

3. Use moisturizing lotion for my feet

4. Does not apply lotion between toes

5. Cuts toenails Bstraight^

6. Checks toenails in terms of thickening, ingrowth and length

7. Checks between toes for denudation, fungus and rash due to humidity

8. Checks feet sole for callus, rash, blister and wound

9. Checks inside the shoes for foreign matters like nail, dust or stone.

10. Does not walk barefoot.
(e.g.,: at home, outdoor or on the beach)
11. Wears shoes whose width, length and heels are appropriate and that grasp the foot as a whole.

12. Wears shoes with soft leather and smooth internal surface.

13. Socks are clean, cotton and soft

14. Socks fit well—not tight or loose

15. Does not use sharp instruments on feet (i.e., razor, scissors, etc.)
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Appendix D: Diabetes Foot Assessment/Risk
Screening Guide Use this guide to assess presence of potentials
risk factors for future foot ulceration and amputation. Examine both feet
and inquire about client self-care practices.

-
Appendix E

Table 5 Diabetes Knowledge
Questionnaire-24 (DKQ-24)-
Diabetes Foot Knowledge
Questionnaire

Yes No I don’t know

1. Diabetes often cause poor circulation. √
2. Cuts and abrasions on diabetes heal more slowly √
3. Diabetics should take extra care when cutting their toenails √
4. A person with diabetes should cleanse a cut with iodine and alcohol √
5. Diabetes can cause loss of feeling in my hands, finger and feet √
Total score 0–5
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Abstract A combination of genetic and environmental fac-
tors determines age of menarche. In Korea, there has been a
trend for a younger age of menarche as the country has under-
gone industrialization and adopted a westernized diet.
Previous studies have indicated that the incidence of obesity
and metabolic syndrome, as well as cardiovascular mortality,
is higher in women who undergo menarche at a younger age.
This study was conducted to examine the relationship between
age of menarche and metabolic syndrome in premenopausal
women in Korea. Data for 1464 women were collected from
the Sixth Korea National Health and Nutrition Examination
Survey (KNHANESVI). ThemodifiedNCEP-ATP III criteria
were used to define metabolic syndrome. Considering the unit
of data extraction (investigation district), stratification vari-
ables, and weighted value, a complex sample design extrac-
tion method was applied for statistical analysis. After dividing
the subjects by age of menarche, the risk of metabolic syn-
dromewas assessed usingmultiple logistic regression analysis
adjusting for age, smoking, drinking, exercise, education lev-
el, household income, and marital status. When the subjects
were grouped by age of menarche (<12, 12–13, 14–15, and
>16 years), a statistically significant increase in the average
age of the group was observed (23.8 ± 0.8, 29.6 ± 0.4,
35.8 ± 0.4, and 39.8 ± 0.7, respectively; p < 0.001). The
adjusted odds ratio (95 % CI) for metabolic syndrome was
3.84 (1.52–9.70) in women who reached menarche at
<12 years compared to those who reached menarche at

>16 years. Age of menarche is associated with the risk of
metabolic syndrome in premenopausal women in Korea.

Keywords Menarche .Metabolic syndrome . Obesity .

Premenopausal women

Introduction

Menarche is defined as the first menstrual period, reflecting
the onset of puberty, and a major trait of secondary sexual
characteristics in women. After menarche, women establish
a regular menstrual cycle and have the capacity to reproduce.

Age of menarche is determined by interactions between
various genetic and environmental factors. Menarche is asso-
ciated with stimuli involved in the gonadotropin releasing
hormone system of the hypothalamus and accumulation of
body fat related to blood leptin [1]. Age of menarche can vary
depending on race and ethnicity and can also be affected by
nutritional state, physical activity level, and socioeconomic
factors, such as residence, income, and education level. It
has a particularly strong association with nutritional state,
and although the exact nature of the association is unclear,
age of menarche is associated with the accumulation of adi-
pose tissue following a high-calorie diet. Hence, onset of pu-
berty is slow in adolescents with nutritional deficiency, where-
as the age of menarche decreases when nutritional intake is
sufficient [2, 3]. As Korea has undergone industrialization,
and sedentary lifestyles and westernized diets have beenwide-
ly adopted, it has shown a trend for earlier menarche, as seen
in western society [4, 5].

Both eastern and western cross-sectional studies have re-
ported associations of an early age of menarche with body
mass index (BMI), obesity, glucose intolerance, and type II
diabetes in adults, and further studies have shown increases in
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cardiovascular mortality and morbidity [6–12]. A study based
on the Korea National Health and Nutrition Examination
Survey (KNHANES) 2007–2009 reported that an early age
of menarche is associated with the onset of type II diabetes in
young and middle-aged women in Korea [13]. Metabolic syn-
drome, a risk factor for cardiovascular disease and type II
diabetes, is a combination of metabolic abnormalities includ-
ing abdominal obesity, insulin resistance, dyslipidemia, and
hypertension. The prevalence of metabolic syndrome is in-
creasing worldwide with obesity at the source, with conse-
quential increases observed for chronic diseases associated
with metabolic syndrome [14, 15]. The prevalence of meta-
bolic syndrome and associated chronic diseases is also rising
in Korea. The prevalence of metabolic syndrome in Korea, as
announced by the Ministry of Health and Welfare based on
data from KNHANES 2007–2010, was 28.8 % in adults aged
>30 years, with a rate of 31.9 % in men and 25.6 % in women.
According to a study by Lim et al. in 2011, which was based
on KNHANES data from 1998, 2001, 2005, and 2007, the
prevalence of metabolic syndrome was 22.2, 26.9, 27.8, and
31.5 % each year, respectively, showing an increasing trend
[16]. Although the role of menarche in the incidence of met-
abolic syndrome is not yet clear, numerous cross-sectional
studies and meta-analyses have indicated that an early age of
menarche and the incidence of metabolic syndrome are asso-
ciated. In response to the trend of a younger age of menarche
in Korea, this study was conducted to examine its association
with an increased risk of metabolic syndrome and its compo-
nents in premenopausal women in Korea.

Materials and methods

Study subjects

This study was conducted using data from the first year of
KNHANES VI, which is the most recent survey conducted
over the course of 3 years between 2013 and 2015. The num-
ber of sample households in the first year (2013) was 3182,
and the number of participants was 8018. Of these, a total of
1464 premenopausal women were selected for inclusion in
this study, excluding those who did not provide information
on their menopausal state or age of menarche. The details of
this study and the KNHANES methodology have been ap-
proved by the Institutional Review Board of the Korea
Centers for Disease Control and Prevention.

Anthropometric measurements and blood tests

Basic data were collected in KNHANES VI using a standard-
ized questionnaire. Body weight (kg) and height (m) were
measured while the subjects wore light clothes and no shoes,
and BMI was calculated based on these results. Weight was

determined to the nearest 0.1 kg on a medical balance (GL-
6000-20, CAS, Seoul, Korea). Height was measured to the
nearest 0.1 cm with a wall-mounted stadiometer (Seca 220,
Seca, Hamburg, Germany). Blood pressure was calculated
from an average of two systolic and diastolic pressures that
were measured with the subject in a sitting position after a
≥10-min rest and with a 5-min interval between measure-
ments. Blood samples were taken following a >8-h fast.
Blood samples were centrifuged, refrigerated at the examina-
tion site, and transferred in ice boxes to a central laboratory in
Seoul on the same day. Plasma glucose, total cholesterol, tri-
glycerides, and high-density lipoprotein (HDL) cholesterol
were measured using an autoanalyzer (Hitachi Automatic
Analyzer 7600, Tokyo, Japan).

Age of menarche

Age of menarche was defined as the age when the first men-
strual cycle was experienced and was investigated using a
self-administered structured questionnaire. The question was
open-ended asking, BWhen did you start your first menstrual
cycle?^, and the answer was in the form of age in years. When
subjects reported their age at menarche as, for example, 12.00
to 12.99 years, then age at menarche was designated as
12 years.

Definition of metabolic syndrome

The diagnostic standard for metabolic syndrome proposed by
NCEP-ATP III (2006) was used as a basis, in conjunction with
the modified standard of NCEP-ATP III for abdominal obesity
recommended by the World Health OrganizationWest Pacific
Region. Metabolic syndrome was diagnosed when three or
more of the following five criteria were met. i) Abdominal
obesity: waist circumference ≥ 80 cm; ii) hypertension:
≥130/85 mmHg or hypertension medication; iii) hypertriglyc-
eridemia: ≥150 mg/dL or medication; iv) hyperglycemia:
fasting glucose ≥100 mg/dL or medication; and v) low HDL
cholesterol: <50 mg/dL.

Covariates

Smoking history was classified as non-smoking (never
smoked or smoked <100 cigarettes in entire life) and smoking
(smoked >100 cigarettes). Alcohol drinking was classified as
non-drinking (drinks less than once a month) and drinking
(drinks more than once a month) based on drinking behavior
in the past year. Exercise was divided into three groups: Bmore
than four times a week,^ Bone to three times a week,^ and Bdo
not exercise at all,^ based on >10 min of moderate-level phys-
ical activity that makes one tired or short of breath per day. As
a factor of socioeconomic status, household income was di-
vided into four groups. Education level was divided into four
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groups: Belementary school,^ Bmiddle school,^ Bhigh school,
^ and Bcollege or above.^ Marital status was classified as
married and not married.

Statistical analysis

Data were analyzed taking into account the unit of data ex-
traction (investigation district), stratification variables, and the
weighted value of the first year from KNHANES VI (2013),
and a complex sample design extraction method was applied
for statistical analysis. The chi-square test was used to analyze
the smoking, drinking, and exercise status and the general
characteristics (marital status, education level, household in-
come) of the subjects. Variance analysis was performed using
the general linear model of the complex sample design to
analyze age, intake of dietary energy, and BMI. Age of men-
arche was divided into four groups, and multiple logistic re-
gression analysis was used to evaluate the association with
metabolic syndrome and its components. IBM SPSS version
19.0 (IBM Co., Armonk, NY, USA) was used for the analysis,
and the significance level was defined as p < 0.05.

Results

General characteristics

The average age of the study subjects (mean ± standard error)
when grouped by age of menarche (<12, 12–13, 14–15, and
>16 years) was 23.8 ± 0.8, 29.6 ± 0.4, 35.8 ± 0.4, and
39.8 ± 0.7, respectively, showing a statistically significant
increase in average age according to age of menarche
(p < 0.001). A statistically significant association with age of
menarche was also observed for education level and marital
status (p < 0.001) However, BMI, daily energy intake,
smoking, drinking, exercise, and household income were not
associated with age of menarche (Table 1).

Association between age of menarche and the components
of metabolic syndrome

When the association between age of menarche and the five
components of metabolic syndrome was analyzed, hypergly-
cemia and hypertension were significantly associated with late
age of menarche (both p = 0.004). Abdominal obesity,
hypertriglyceridemia, and low HDL cholesterol were not sig-
nificantly associated with age of menarche (Table 2).

Odds ratio of metabolic syndrome and its components
according to age of menarche

The odds ratio (95 % CI) of developing metabolic syndrome
after adjusting for covariates (age, smoking, drinking,

exercise, education level, household income, marital status)
was 3.84 (1.52–9.70) in women with an age of menarche
<12 years compared to women with an age of menarche
>16 years. When only adjusted for age, the risk of metabolic
syndrome was 2.36 (1.08–5.13) in women with an age of
menarche <12 years compared to those with an age of menar-
che >16 years. However, the crude odds ratio (95 % CI) for
metabolic syndrome was 0.54 (0.30–0.97) for women with an
age of menarche 12–13 years compared to those with an age
of menarche >16 years.

For the components of metabolic syndrome, the adjusted
odds ratios (95 % CI) for abdominal obesity and hypertension
were 4.24 (2.28–7.88) and 2.52 (1.15–5.51), respectively, in
women with an age of menarche <12 years compared to those
with an age of menarche >16 years. However, no significant
associations were observed with hyperglycemia, hypertriglyc-
eridemia, and low HDL cholesterol (Table 3).

Discussion

This study in premenopausal women in Korea showed that,
after adjusting for covariates, the risk of metabolic syndrome
was higher in women whose age of menarche was <12 years
compared to those whose age of menarche was >16 years.
When only adjusted for age, the risk of metabolic syndrome
was significantly higher in women whose age of menarche
was <12 years compared to those whose age of menarche
was >16 years. When the adjusted odds ratio for each compo-
nent of metabolic syndrome was analyzed according to the
age of menarche, abdominal obesity and hypertension were
higher in the early menarche group. Our results show that the
average age of the early menarche group was significantly
younger than the other groups, reflecting the trend of a youn-
ger age of menarche in Korea. According to a study based on
KNHANES, the age of menarche in adolescents is gradually
decreasing in Korea; the average age of menarche was
16.90 ± 1.25 for women born between 1920 and 1925, where-
as it was 13.79 ± 1.37 for women born between 1980 and
1985 [4]. In our study, the average age of women with an
age of menarche <12 years was 23.8 ± 0.8 compared to
29.6 ± 0.4 in women with an age of menarche of 12–13 years.
Because the average age was higher in the latter group, the
percentage of married women was also significantly higher.
Since the frequency of smoking and drinking is relatively low
in women in Korea, a significant association with these factors
was not observed. When adjusted for covariates, the risk of
metabolic syndrome was different according to age of menar-
che. However, the risks associated with the individual compo-
nents of metabolic syndrome were not significant. Since the
early menarche group mainly consisted of young subjects,
with an average age in the early 1920s, it could be interpreted
that the metabolic abnormalities, such as impaired glucose
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tolerance and lipid abnormalities, shown in the blood tests are
associated with age.

Most of the cross-sectional studies that have examined the
relationship between the age of menarche and metabolic syn-
drome show that metabolic syndrome and cardiovascular mor-
tality increased in association with an early age of menarche.
A large-scale study in Latin America indicated that an early
age of menarche increased the risk of diabetes and cardiovas-
cular metabolic diseases [10]. Studies conducted in Europe
have demonstrated similar results [7, 9]. A cross-sectional
study in China, which included both pre- and postmenopausal
women, also indicated that the risk of metabolic syndrome
increased in association with a younger age of menarche
[17]. Furthermore, a cross-sectional study conducted in
Korea, based on KNHANES 2005, analyzed the relationship
between reproductive factors in postmenopausal women and
the incidence of metabolic syndrome, but no association was
observed between the age of menarche and the risk of

metabolic syndrome [18]. There are no other studies that have
analyzed the association between age of menarche and meta-
bolic syndrome in premenopausal women inKorea. A system-
atic review and meta-analysis that studied the association be-
tween the age of menarche and overall or cardiovascular mor-
tality showed that the relative risk of overall mortality in-
creased by 23% in a group of womenwith an age of menarche
<12 years, and mortality from ischemic heart disease also
increased by 24 %. According to this study, 1 year of delayed
menarche decreased the relative risk of mortality by 3 % [19].

Onset of menarche is influenced by genetic and environ-
mental factors. Studies have shown that phenotypic expres-
sion associated with genetic factors is involved in the relation-
ship between the age of menarche and BMI or obesity [20,
21]. In addition, nutritional intake and standard of living are
important environmental factors. In a study on refugees
(immigrants) from North Korea, in whom the average age of
menarchewas 16.0 ± 2.1 years in a population with an average

Table 1 General characteristics by age at menarche

Age at menarche (years)

<12 12–13 14–15 ≥16 P valuea

Age (years) 23.8 ± 0.8 29.6 ± 0.4 35.8 ± 0.4 39.8 ± 0.7 <0.001

BMI (kg/m2) 22.6 ± 0.3 22.1 ± 0.1 22.0 ± 0.1 22.4 ± 0.2 0.259

Energy intake (g/day) 1789.4±58.2 1859.2±35.8 1850.6±43.5 1820.6±87.4 0.763

Smoking

None 86.4 (3.8) 89.0 (1.5) 89.7 (1.4) 84.9 (2.6) 0.357
Smoker 13.6 (3.8) 11.0 (1.5) 10.3 (1.4) 15.1 (2.6)

Alcohol drinking

None 40.7 (5.0) 41.1 (2.3) 44.3 (2.7) 37.9 (3.3) 0.512
Yes 8.9 (5.0) 39.1 (2.3) 37.8 (2.7) 14.2 (3.3)

Exercise

None/week 62.8 (4.1) 61.5 (2.2) 63.1 (2.1) 71.2 (3.5) 0.432
1–3 times/week 29.7 (3.9) 29.2 (1.9) 28.8 (1.9) 22.7 (3.1)

≥4 times/week 7.6 (2.2) 9.3 (1.3) 8.1 (1.2) 6.1 (1.7)

Income

Low 10.6 (2.6) 8.1 (1.3) 7.5 (1.4) 9.0 (2.5) 0.625
Mid-low 31.4 (4.2) 24.5 (2.0) 28.2 (2.3) 29.5 (3.9)

Mid-high 25.4 (3.6) 31.9 (2.3) 29.9 (2.0) 30.8 (3.6)

High 32.6 (4.4) 35.5 (2.5) 34.4 (2.5) 30.7 (4.0)

Education

Below elementary school degree 22.2 (2.9) 11.3 (1.1) 3.6 (0.9) 5.8 (1.5) <0.001
Middle school degree 16.6 (3.5) 12.0 (1.4) 8.1 (1.2) 11.6 (2.3)

High school degree 26.1 (3.5) 34.4 (2.0) 46.6 (2.2) 46.6 (3.5)

Above college degree 35.1 (4.3) 42.3 (2.3) 41.7 (2.3) 36.1 (3.3)

Marriage status

Yes 30.6 (3.9) 49.7 (2.1) 71.1 (2.1) 80.3 (3.1) <0.001
No 69.4 (3.9) 50.3 (2.1) 28.9 (2.1) 19.7 (3.1)

Values are presented as mean ± standard error (SE) or % (SE)

BMI body mass index
a Statistical significance was determined by the general linear model (GLM), chi-square analysis
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Table 2 Age at menarche and metabolic abnormality

Age at menarche (years)

<12 12–13 14–15 ≥16 P valuea

Abdominal obesity (waist circumference ≥ 80 cm) Yes 24.8 (3.4) 16.9 (1.7) 20.5 (1.9) 22.4 (2.9) 0.111
No 75.2 (3.4) 83.1 (1.7) 79.5 (1.9) 77.6 (2.9)

Fasting glucose (≤100 mg/dL or medication use) Yes 7.8 (2.1) 12.7 (1.4) 14.6 (1.5) 20.9 (3.0) 0.004
No 92.2 (2.1) 87.3 (1.4) 85.4 (1.5) 79.1 (3.0)

Triglyceride (≥150 mg/dL or medication use) Yes 11.4 (3.0) 11.9 (1.4) 13.9 (1.5) 19.8 (3.2) 0.073
No 88.6 (3.0) 88.1 (1.4) 86.1 (1.5) 80.2 (3.2)

HDL cholesterol (<50 mg/dL or medication use) Yes 30.5 (3.8) 25.1 (2.0) 28.6 (1.8) 32.5 (4.2) 0.252
No 69.5 (3.8) 74.9 (2.0) 71.4 (1.8) 67.5 (4.2)

Blood pressure (≥130/85 mmHg or medication use) Yes 9.0 (2.5) 7.0 (1.0) 8.9 (1.3) 15.9 (2.4) 0.004
No 91.0 (2.5) 93.0 (1.0) 91.1 (1.3) 84.1 (2.4)

Values are presented as % (standard error, SE)
a Statistical significance was determined by chi-square analysis

Table 3 Odds ratios (95 % CI) of metabolic syndrome and components by age at menarchea

Age at menarche (years)

<12 12–13 14–15 ≥16

Abdominal obesity

Crude OR 1.14 (0.71–1.83) 0.70 (0.46–1.09) 0.90 (0.59–1.36) 1.00

Age adjusted OR 0.30 (0.17–0.52) 0.77 (0.49–1.21) 0.88 (0.58–1.34) 1.00

Multivariate adjusted ORb 4.24 (2.28–7.88) 1.46 (0.88–2.43) 1.31 (0.82–2.09) 1.00

High fasting glucose

Crude OR 0.32 (0.16–0.63) 0.55 (0.36–0.84) 0.65 (0.43–0.98) 1.00

Age adjusted OR 1.21 (0.59–2.51) 1.03 (0.70–1.53) 1.24 (0.82–1.89) 1.00

Multivariate adjusted OR 0.72 (0.28–1.84) 0.99 (0.62–1.59) 0.90 (0.57–1.42) 1.00

High triglyceride

Crude OR 0.52 (0.26–1.05) 0.55 (0.34–0.87) 0.65 (0.41–1.04) 1.00

Age adjusted OR 0.80 (0.39–1.65) 1.10 (0.68–1.78) 1.26 (0.79–2.02) 1.00

Multivariate adjusted OR 2.00 (0.91–4.39) 1.02 (0.59–1.77) 0.89 (0.50–1.58) 1.00

Low HDL cholesterol

Crude OR 0.91 (0.54–1.54) 0.70 (0.45–1.07) 0.83 (0.53–1.29) 1.00

Age adjusted OR 0.90 (0.53–1.52) 1.27 (0.83–1.96) 1.15 (0.74–1.78) 1.00

Multivariate adjusted OR 1.15 (0.58–2.30) 0.82 (0.50–1.32) 0.89 (0.55–1.46) 1.00

High blood pressure

Crude OR 0.52 (0.27–0.99) 0.40 (0.25–0.63) 0.52 (0.33–0.81) 1.00

Age adjusted OR 0.42 (0.21–0.84) 1.12 (0.69–1.81) 1.43 (0.88–2.32) 1.00

Multivariate adjusted OR 2.52 (1.15–5.51) 1.01 (0.58–1.74) 0.80 (0.48–1.33) 1.00

Metabolic syndrome

Crude OR 0.60 (0.29–1.23) 0.54 (0.30–0.97) 0.72 (0.42–1.26) 1.00

Age adjusted OR 2.36 (1.08–5.13) 1.16 (0.64–2.11) 0.99 (0.56–1.73) 1.00

Multivariate adjusted OR 3.84 (1.52–9.70) 1.33 (0.64–2.78) 1.20 (0.60–2.40) 1.00

OR odds ratio, CI confidence interval
a Statistical significance was determined by multivariate logistic regression analysis
b Adjusted by age, smoking, alcohol, exercise, income, education, marriage status
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age of 31.3 ± 6.2, the group with the lowest average age
(<24 years) showed the most delayed menarche relative to
the other groups (average age of menarche 16.3 ± 2.0).
These findings were probably the result of this age group
having experienced insufficient nutritional intake and sudden
economic transition [22]. Adolescent obesity caused by exces-
sive nutrition or fat accumulation can affect sexual maturation
and, therefore, the onset of menarche. Hence, early onset of
menarche due to environmental and genetic factors is associ-
ated with childhood/adolescence obesity, as well as adult obe-
sity, and it can further increase the risk of developing meta-
bolic syndrome [23]. Therefore, it is important to properly
manage childhood/adolescent obesity at the appropriate stage.
As the nutritional state in childhood is gradually improving,
and the dietary intake is transitioning to a high-fat and high-
calorie diet in Korea after industrialization, management of
childhood and adolescent obesity has becomemore important.
Although the prevalence of extreme obesity is not as high as in
western societies, its management is critical in order to reduce
the risk of cardiovascular disease.

There are a few limitations of this study that should be
acknowledged. First, since it is a cross-sectional study, a clear
causal relationship between age of menarche and metabolic
syndrome cannot be claimed. Second, because the study was
based on the results of a self-administered questionnaire, the
subjects might have responded somewhat subjectively de-
pending on the social environment. Furthermore, as it is an
assessment based on recollection of past events, we cannot
exclude the possibility of bias in measurement. Third, numer-
ous studies have reported that the prevalence of metabolic
syndrome markedly increases in menopausal women com-
pared to premenopausal women, and menopause itself can
be an independent risk factor for the incidence of metabolic
syndrome related to the action of female hormones [18,
24–26]. Considering that during menopause the prevalence
of metabolic syndrome increases and other metabolic factors
change rapidly, we conducted this study in premenopausal
women. As a result, we cannot presume that the results of
the present study represent the characteristics of the entire
female population. When premenopausal women were divid-
ed according to the age of menarche, the results showed that
there was a significant difference in average age between each
group. Although the group with the highest average age
showed relatively late menarche, their risk of metabolic syn-
drome was found to be lower when the risk was adjusted for
covariates. Age is a known risk factor for metabolic syn-
drome; however, in the present study, the risk of metabolic
syndrome was highest in the group with the lowest average
age. Therefore, age of menarche can be considered as a factor
associated with the prevalence of metabolic syndrome. These
results might have been due to the fact that the study subjects
were premenopausal women and the average age of the group
with the highest age of menarche (>16 years) was 39.8 ± 0.7,

which is still relatively young compared to the total life ex-
pectancy or the average age ofmenopause inwomen in Korea.
Regarding such results, further large-scale prospective studies
must be conducted. However, the fact that these results were
observed even when adjusted for age indicates the signifi-
cance of the findings.

In addition, taking into account that the average age of
menarche varies depending on race, and that the prevalence
of metabolic syndrome and its components also varies de-
pending on race and nationality, the present study reflects
the national characteristics of Korea as it used data from
KNHANES and included a relatively large sample size, con-
ferring significance to our study. Another strength of this
study is that the most recent KNHANES data was used, and
thus, the current trend is reflected in our results. Showing a
significant association between the age of menarche and var-
ious factors associated with metabolic syndrome after
adjusting for covariates adds further significance to our find-
ings. Furthermore, the inclusion of premenopausal women in
the study, which was mentioned previously as a limitation, can
also be a strength, as the concentration of female hormones
rapidly decreases in postmenopausal women and the risk of
metabolic syndrome increases. Minimizing the bias that can
result from this by analyzing only premenopausal women
adds further significance to this study.

In conclusion, after adjusting for covariates, the risk of
metabolic syndrome in premenopausal women in Korea was
higher in women who reached menarche at a younger age
(<12 years) relative to those who reached menarche later. As
the age of menarche is decreasing in Korea, wemust pay close
attention to the risks of obesity and metabolic syndrome in
childhood and adolescence.
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Abstract The prevalence and risk factors associated with
metabolic syndrome (MetS) of endangered subtribes are
scantly reported. The purpose of this study was to assess the
risk factors associated with MetS among the endangered
Orang Asli (OA) populations using the latest harmonized
International Diabetes Federation (IDF) definition. This
cross-sectional study was conducted in geographical locations
of the endangered subtribes namely Che Wong, Kensiu,
Lanoh, and Orang Kanaq by random selection, and Semai
was selected as a subtribe with a larger population as a com-
parison area in Peninsular Malaysia. A total of 160 respon-
dents aged between 18 and 72 years were recruited. The

respondents were measured for their weight, height, waist
circumference, and blood pressure. Overnight fasting venous
blood samples were analyzed for lipid profile and plasma
glucose. The overall prevalence of MetS was 17.0 % (27/
159). MetS rate among the endangered population only was
20.5 % (24/117). MetS prevalence was higher among the sub-
urban Orang Kanaq (63.6 %), Che Wong (18.5 %), and
Kensiu (16.4 %) subtribes and lower among the rural Lenoh
(12.5 %) and Semai (7.1 %) subtribes (P = 0.003). MetS was
significantly higher in females (23.8 %) compared to male
(5.2 %) respondents. The risk factors identified for higher
prevalence of MetS in females included overweight and obe-
sity (P < 0.001), increased waist circumference (P < 0.001),
and reduced high-density lipoprotein cholesterol (HDL-C)
(P < 0.001). The prevalence of MetS among the endangered
OA females is alarmingly high, especially among Orang
Kanaq subtribe, which needs immediate attention.

Keywords OrangAsli . Malaysia . Prevalence .Metabolic
syndrome . Risk factors

Introduction

Metabolic syndrome (MetS) is defined as a constellation of
cardiovascular disease (CVD) and type 2 diabetes mellitus
(T2DM) risk factors including dysglycemia, elevated triglyc-
eride (TG) levels, low high-density lipoprotein cholesterol
(HDL-C) levels, raised blood pressure (BP), and obesity (par-
ticularly central adiposity) [1]. It is a complex disorder asso-
ciated with adverse health outcomes and is considered as a
worldwide epidemic [2, 3]. Based on the National Health
and Nutrition Examination survey data from 2009 to 2010,
the prevalence of MetS in USA was 22.9 % [4]. Ten
population-based cohort studies in seven countries in Europe
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observed that the MetS prevalence in obese subjects ranged
from 43 to 78 % and 24 to 65 % in men and women, respec-
tively [5]. The high prevalence of MetS involves not only
developed countries but also some developing countries.
Women of urban Indian population were found to have greater
prevalence of MetS compared to men [6]. A nationwide sur-
vey conducted in Malaysia indicated that there were approx-
imately 42.5 % of adults diagnosed with MetS whereas 43.9,
42.1, and 51.9 % were reported in Malay, Chinese, and Indian
ethnic groups, respectively [7]. According to Chu and Moy,
MetS is closely linked with modifiable factors such as over-
weight, obesity, and physical inactivity [8]. There have been
several different definitions ofMetS based on the International
Diabetes Federation (IDF) [9], National Cholesterol
Education Program Adult Treatment Program III (NCEP
ATP III) [10], World Health Organization (WHO) [11], and
the recently proposed harmonized IDF criteria [1].

Orang Asli (OA) is a Malay term which means original
people or the first people. They are the indigenous minority
people of Peninsular Malaysia. OA can be classified into three
main ethno-linguistic groups, namely the Senoi, Proto-
Malays, or Aboriginal Malays, and the Negritos, each
consisting of several dialectic subgroups. The Senoi is the
largest OA tribe constituting around 55 % of the population
and mainly distributed from the middle to northern part of the
Peninsular Malaysia [12, 13]. The Senoi subgroups include
the Semai, Temiar, Che Wong, Jah Huat, Semoq Beri, and
Mahmeri. The physical characteristics of Senoi include a wide
range of skin color and wavy hair, and they live as both
hunter-gatherers and traders [14]. Proto-Malay or Aboriginal
Malay is the second largest tribe of OA constituting around
42 % of the population [12]. Proto-Malays consist of Jakun,
Temuan, Semelai, Orang Kanaq, Orang Seletar, and Orang
Kuala. They work as farmer-traders and have a lighter skin
color and straight hair [15]. The Negrito comprises about 3 %
of the population [12]. The Negritos include the Bateq,
Kensiu, Kintaq, Jahai, Lanoh, and Mendriq. The Negrito pop-
ulation has dark skin and curly hair and lives as hunter-
gatherers [14]. The Orang Asli Development Department
(JAKOA) reported that the total population of OA in the year
2013 was 178,197 people [16]. However, the number of peo-
ple in each subtribe varies widely. Some subtribes represent a
small fraction of the total population and thus could be clas-
sified as endangered. These subtribes and their distribution of
population are presented in Table 1.

Several health studies focusing on nutritional status
[17–19], parasitic infections [20, 21], and anemia [22] were
conducted among OA population; however, no studies were
done on chronic diseases such as cardiovascular disease
(CVD) and diabetes in this population. An earlier study re-
ported the prevalence of MetS among female OA only [23].
The objectives of the present study were (1) to assess the
prevalence of MetS by sex and subtribes based on the

harmonized IDF definition among the endangered Orang
Asli tribal population in Peninsular Malaysia and (2) to iden-
tify the risk factors of MetS among this population.

Materials and methods

Study population

This cross-sectional study was conducted from November
2011 to May 2013 among OA population in Peninsular
Malaysia. Based on the 2013 record, seven subtribes including
Kensiu, Kintak, Lanoh and Mendriq of Negrito tribe, Che
Wong of Senoi tribe, and Orang Kanaq and Orang Seletar of
Proto-Malay tribe were considered endangered (Table 1). For
this study, four subtribes including Orang Kanaq, Che Wong,
Kensiu, and Lanoh were selected randomly as the endangered
subtribes, and Semai was selected as a comparison subtribe
based on the population size.

The selection of villages was conducted using the system-
atic sampling method according to the tribal village list pro-
vided by the authority. The selection of each participant was
performed using the purposive sampling method based on the
defined inclusion and exclusion criteria. Due to the shy be-
havior of the OA population, it is often hard to reach the
people to be selected. A snowball sampling method was also
applied during recruitment because the procedure is quicker to
recruit subjects when compared with probability sampling.
Both purposive and snowball sampling approaches are non-
random sampling methods which may have limitations but
normally used in OA research [24].

Kg. refers to Bkampung^ which means village. Of the en-
dangered subtribes, location of Orang Kanaq was at Kg.
Sungai Selangi (Johor), which was 25 km from the nearest
town of Kota Tinggi; Che Wong was located at Kg. Sungai
Enggang (Pahang), 15 km from the Lanchang town, and
Kensiu was located at Kg. Lubuk Legong (Kedah), 22 km
from the Baling town, making them suburban for their loca-
tions. On the other hand, Lanoh and Semai were considered
rural because of having no facilities of electricity or paved
roads in these locations. Lanoh was located at Kg. Air Bah
(Perak), 20 km from the Lenggong town, and Semai was
located in a jungle of Kuala Lipis (Pahang), about 70 km from
the nearest town of Raub.

The inclusion criteria were individuals aged between 18
and 72 years old who provided informed consent. Anyone
with mental or physical disabilities or those who were preg-
nant or lactating were excluded. Ethical approval was obtain-
ed from the Universiti SainsMalaysia Human Research Ethics
Committee. The purpose and procedures of the study were
explained to the authorities of the Department of Orang Asli
Development and the head (tok batin) of each village. Written
informed consent was obtained from all individual
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participants included in the study. Researchers stayed several
days in the village to establish rapport with the local people
prior to subject recruitment.

Measurements

Height was measured to the nearest 0.1 cm using a portable
stadiometer (Seca, Germany). Weight was measured in the
upright position to the nearest 0.1 kg using a body composi-
tion monitor (TANITA SC-330, Japan). Body mass index
(BMI) was calculated by dividing weight (kg) by height
squared (m2). Waist circumference was measured at the end
of normal expiration in a horizontal plane, midway between
the inferior margin of the ribs and the superior border of the
iliac crest [9]. Waist measurements were recorded to the
nearest 1 cm.

BP was measured using an automated BPmonitor (Omron,
Japan). Measurements were taken when respondents were in
the resting position with their hands resting on an adjutant
table so that the cuffs were at same level with the heart. BP
was measured two times, and the mean value was used in the
analysis.

About 9 ml of venous blood samples was collected from
the forearm of respondents in the morning after overnight
fasting. The samples were stored in the ice box and were
centrifuged at 4500 rpm for 10 min. The specimens were then
stored at −80 °C until laboratory analysis. Serum samples
were analyzed for TGs and high-density lipoprotein cholester-
ol (HDL-C). Plasma samples were used to measure glucose
level. All laboratory assays were performed using commer-
cially available kits (Roche, Germany). All analyses were per-
formed using COBAS INTEGRA® 400 plus analyzer (Roche,
Switzerland) in the Centre for Pathology Diagnostic and
Research Laboratories (CPDRL), Universiti Teknologi
MARA.

The definition ofMetS used in this study was in accordance
with the harmonized IDF [1]. Respondents who had at least
three of the five risk factors were classified as having MetS.
The definition includes elevated waist circumference (male
≥90 cm, female ≥80 cm), elevated TGs [≥150 mg/dL
(1.7 mmol/L)], reduced high-density lipoprotein cholesterol
(HDL-C) [<40 mg/dL (1.0 mmol/L)] in males and [<50 mg/
dL (1.3 mmol/L)] in females, elevated BP (systolic ≥130 and/
or diastolic ≥85 mmHg), and elevated fasting glucose
(≥100 mg/dL).

Table 1 Characteristics of the
study population of Orang Asli
subtribes, Malaysia

Tribe Subtribe Population of
2013a

Name of the area Location type

Negrito Kensiub 237 Kg. Lubuk Legong, Baling, Kedah Suburban

Kintak 194

Lanohb 382 Kg. Air Bah, Lenggong, Perak Rural

Jahai 2387

Mendriq 362

Beteq 1447

Senoi Temiar 31,038

Semaic 51,437 Pos Tual, Kuala Lipis, Pahang Rural; comparison
area

Semoq Beri 5313

Che Wongb 651 Kg. Sungai Enggang, Lanchang,
Pahang

Suburban

Jah Hut 5618

Mah Meri 3799

Proto-
Malay

Temuan 27,590

Semelai 7727

Jakun 34,722

Orang
Kanaqb

148 Kg. Sungai Selangi, Kota Tinggi,
Johor

Suburban

Orang Kuala 3525

Orang
Seletar

1620

Total 178,197

aData obtained from the Orang Asli Museum, Gombak, viewed 26 March 2015
b Study population—endangered
c Comparison population
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Statistical analysis

Statistical analysis was carried out using the SPSS 22 statisti-
cal software package (SPSS Inc., Chicago, IL). General char-
acteristics were compared between males and females by
using Student’s t test for continuous variable and chi-square
test for categorical variables. Prevalence of MetS was com-
pared between sex, subtribes, and age groups while preva-
lence of individual risk factors of MetS was compared be-
tween sex and subtribes. P values of less than 0.05 were con-
sidered as statistically significant.

Results

A total of 160 respondents were enrolled, of them one person
having no completed data on the major variables was exclud-
ed. Table 2 shows that the prevalence of MetS in the study
population was 17.0 %. The age group more prevalent of
MetS was 46 to 55 years (45 %), followed by 36 to 45 years
(20.8 %) (P = 0.036).

Among the subtribes, Orang Kanaq had the highest preva-
lence (63.6 %), followed by Che Wong (18.5 %), Kensiu
(16.4 %), and Lanoh (12.5 %). The prevalence of MetS was
significantly lower (7.1 %) among the comparison population
of Semai (P = 0.003).

Table 3 presents the risk factors of MetS by sex. Females
had a significantly higher prevalence of MetS than their male
counterparts (23.8 vs. 5.2 %, P = 0.002). Among the risk
factors, females had significantly higher rates of overweight
and obesity (34.7 vs. 5.1 %, P < 0.001), increased prevalence
of waist circumference (45.5 vs. 1.8 %, P < 0.001), and re-
duced HDL-C (72.3 vs. 35.1 %, P < 0.001) compared to
males. There was no difference in fasting glucose, whereas
males had a higher rate of increased systolic BP than females.

Table 4 shows the risk factors for MetS by subtribes. MetS
was higher in females irrespective of subtribe of the popula-
tion. The proportion of people with decreased levels of HDL-
C (P = 0.02), increased systolic BP (P = 0.05), increased
diastolic BP (P = 0.01), and increased levels of fasting glucose
(P = 0.001) was significantly higher among the Orang Kanaq
subtribe. Some of the risk factors such as female sex, de-
creased HDL-C, and increased fasting blood glucose were
more often observed among the suburban populations includ-
ing Orang Kanaq, CheWong, and Kensiu subtribes, compared
to the rural populations of Lanoh and Semai subtribes.

Discussion

In this study, the overall prevalence of MetS among the OA
population was 17.0 % based on the harmonized IDF defini-
tion. The rate of MetS may vary in the same population when

different criteria are used. For example, Mohamud and
Suraiami found a higher prevalence of MetS (22.7 %) among
female OA population using the IDF definition [23]. In an
earlier study in Malaysian adults, the overall crude prevalence
rates of MetS were 31.2, 34.3, 37.1, and 42.5 % based on the
WHO, NCEP ATP III, IDF, and harmonized IDF criteria, re-
spectively [7]. Because of this inconsistency, it emphasizes the
need for using similar case definitions to compare population-
based prevalence rates of MetS.

Obviously, the rates of MetS also vary in different popula-
tions. In a cross-sectional study in China, the prevalence of
MetS was similar in either sex (27.6 % in males and 24.4 % in
females) based on harmonized IDF definition [25]. Based on
NCEP ATP III criteria, a higher rate of MetS was observed
among males (47.2 %) compared to females (40.3 %) in Saudi
Arabia [26]. Using the same criteria of that of Saudi Arabia,
Oman reported a much lower rate of MetS (24 %) among
adults [27]. A high prevalence (34 %) of MetS was reported
in hypertensive patients in Kuwait based on the ATP III def-
inition [28]. A subsequent study among the adult population
in Kuwait confirmed a similar rate of MetS using the ATP III
definition but a higher rate (40–42%) using the IDF definition
[29]. A study on aborigines from central Australia reported a
prevalence of 44 % based on ATP III definition [30].

The higher rate of MetS in females observed in our study
may be attributable to the sedentary lifestyle more commonly
observed among the female OA community, especially after
resettlement in suburban communities. The high prevalence of
MetS in Kuwait [29] and in some developed countries [30]
was reportedly due to excess calorie intake and decreased
energy expenditure leading to obesity. A study among isolated
aboriginal Canadians showed that poor levels of physical

Table 2 Prevalence of metabolic syndrome among Orang Asli
population by their age group and subtribe

Characteristics Metabolic syndrome
present no. (%)

P value

Age group (years) 0.036

<25 2/36 (5.6)

25–35 10/66 (15.2)

36–45 5/24 (20.8)

46–55 9/20 (45.0)

≥56 1/11 (9.1)

Subtribe 0.003

Orang Kanaq (suburban) 7/11 (63.6)

Che Wong (suburban) 5/27 (18.5)

Kensiu (suburban) 9/55 (16.4)

Lanoh (rural) 3/24 (12.5)

Semai (rural) 3/42 (7.1)

Total population 27/159 (17.0)
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activity and fitness were associated with a higher prevalence
of MetS [31]. Moreover, decreased physical activity was an
important factor for obesity among aboriginal and non-
aboriginal adults [32].

Gender differences of MetS are not consistent across geo-
graphic locations. The findings of a higher prevalence ofMetS
in females in our study were comparable with studies in two
aboriginal populations using the ATP III definition [33, 34].
However, studies among the Japanese population found a
higher prevalence of MetS in males [35, 36].

One unique observation in our study was that the prevalence
of MetS was higher in settlements that were near urban areas
compared to rural areas. The endangered population of Orang
Kanaq, Che Wong, and Kensiu subtribes who lived in suburban
areas had higher prevalence of MetS (63.6, 18.5, and 16.4 %,
respectively), compared to the Lanoh (12.5 %) and Semai sub-
tribes (7.1 %), who lived in rural area and in a jungle. The higher

rate of MetS and individual risk factors of MetS among Orang
Kanaq indicate a high risk of this subtribe to develop T2DM and
CVD. According to Alberti et al., individuals with MetS were at
twice the risk of developing CVD over the next 5 to 10 years and
a fivefold increase in T2DM risk [1]. The location of the four
endangered subtribes from the nearest town varied from 15 to
25 km and that of Semai subtribe was 70 km from the nearest
town of Raub. People of Lanoh and Semai had no access to
paved roads or electricity, making them less accessible to urban-
ized lifestyle and food, which may contribute to lower rates of
MetS in these populations. Another study among Malays in an
urban area of Kuala Lumpur reported higher rates of MetS based
on modified NCEP (41 %) and IDF (38 %) definitions [37]. The
dietary changes from traditional to urbanized diet due to socio-
economic development and availability of high-fat foods lead to
a high prevalence of MetS among Temuan and Bidayuh tribes
[38]. Gittelsohn et al. observed that consumption of foods that

Table 3 Prevalence of metabolic
syndrome and risk factors by
gender

Characteristics Male (n = 58) no. (%) Female (n = 101) no. (%) P value

Metabolic syndrome 3 (5.2) 24 (23.8) 0.002

Age (years, mean ± SD) 34.4 ± 14.4 34.3 ± 11.6 0.96

BMI (kg/m2) <0.001

<25 55 (94.8) 66 (65.3)

25–29.9 2 (3.4) 23 (22.8)

≥30 1 (1.7) 12 (11.9)

Increased waist circumference 1 (1.8) 46 (45.5) <0.001

Increased triglycerides 13 (22.4) 15 (14.9) 0.28

Reduced HDL-C 20 (35.1) 73 (72.3) <0.001

Increased blood pressure

Systolic 23 (43.4) 27 (27.0) 0.047

Diastolic 12 (22.6) 15 (15.0) 0.27

Increased fasting plasma glucose 7/38 (18.4) 16/87 (18.4) 1.0

BMI body mass index, HDL-C high-density lipoprotein cholesterol

Table 4 Risk factors of
metabolic syndrome among the
study population by subtribe

Characteristics Subtribe P
value

Orang Kanaq
(n = 11)

Che Wong
(n = 27)

Kensiu
(n = 55)

Lanoh
(n = 24)

Semai
(n = 42)

Female 9 (82) 18 (67) 38 (69) 13 (53) 23 (55) 0.32

Increased waist
circumference

5 (46) 6 (22) 19 (35) 8 (35) 9 (21) 0.37

Increased triglycerides 1 (9) 6 (22) 6 (11) 6 (25) 9 (21) 0.53

Decreased HDL-C 11 (100) 14 (52) 35 (65) 11 (46) 22 (52) 0.02

Increased systolic BP 8 (73) 7 (26) 17 (34) 7 (30) 11 (26) 0.05

Increased diastolic BP 5 (46) 2 (7) 13 (26) 2 (9) 5 (12) 0.01

Increased fasting
plasma glucose

6 (75) 6 (22) 4 (11) 0 7 (17) 0.001

BP blood pressure
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were high in fat and low in dietary fiber and food prepared with
lard were contributing factors for increased prevalence of diabe-
tes among native Canadian populations [39].

In the present study, the most common abnormalities ob-
served among females with a higher rate of MetS included over-
weight and obesity, increased waist circumference, and reduced
HDL-C levels. A study among the aboriginal community in
Ontario, Canada, was comparable with this finding, where high
prevalence of low HDL-C level and abdominal obesity was re-
ported in female aborigines [34]. This findingwas also consistent
with the reports for adultMalaysian and Thai populations [7, 40].
Low level of HDL-Cwas a common risk factor affecting 80%of
the Iranian population [41]. According to Chateau-Degat et al.,
the female aboriginal community in Quebec, Canada, had dom-
inant abnormality profile of hyperglycemia and low HDL-C
levels, while the males had hypertension, hypertriglyceridemia,
and hyperglycemia [42]. O’Dea and Rowley had reported that
social and environmental factors could contribute to the abnor-
mality of MetS risk factors [43].

To the best of our knowledge, this is the first study
reporting risk factors of MetS among the endangered Orang
Asli tribal population using the latest harmonized IDF defini-
tion. However, some of the limitations of the study should be
acknowledged. First, the question of sampling bias and the
degree of generalizability remain a potential issue associated
with the non-random sampling method used in this study.
Secondly, the nature of the cross-sectional study was unable
to elucidate the causal inferences. Third, the study population
was small. Generally, the OA is an extremely conservative
tribe and they try to avoid contacts with outsiders. Hence, it
was challenging to obtain a large sample in our study as well
as another study with the same population [23]. To overcome
this barrier, the team stayed in the village for a couple of days,
talked with the village leaders and other influential people,
and tried to convince them the purpose of the study. Still, a
larger study among the endangered population could enhance
the generalizability of the findings.

Conclusion

In conclusion, the prevalence of MetS was high among the
endangered OA females especially those living near urban
areas. Therefore, immediate actions by health professionals
and government agencies are needed to educate the people
at risk for further control and prevention of health risks.
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Abstract Target setting is an important strategy in diabetes.
The commonly used glycemic targets are blood glucose and
HbA1c. The target values can be fixed based upon normative
data or outcome data. Individualization of glycemic targets is
based upon age of patient, duration of diabetes, life expectancy,
type of diabetes, type of therapy, presence of complications,
propensity for hypoglycemia, hypoglycemia awareness, avail-
ability of family support, patient motivation, and patient educa-
tion. Currently, the rate of attainment of glycemic target is im-
proving, and almost 50 % of diabetics achieve HbA1C targets.
In pregnancy, glycemic targets recommended are strict.
Furthermore, the concept of individualization needs to be ex-
tended to the pregnant state. We propose that the glycemic tar-
gets in pregnancywith diabetes should be different in gestational
diabetes, pre-gestational type 2 diabetes, and type 1 diabetes.

Keywords Diabetes . Blood glucose . Glycemic targets .

HbA1c

Target setting is an important strategy in the therapeutics of a
chronic disease like diabetes. Evaluation of various modalities
of treatment against the targets achieved by them brings out
the deficiencies in the management of diabetes and leads to
evolution of effective therapeutics. Using accepted targets, it

is possible to compare outcomes at different treatment centers,
at different time periods with varying treatment modalities.

Selecting targets

HbA1cAmong various measurements of glycemia, blood glu-
cose and HbA1c are the most commonly used parameters.
Although blood glucose is an older criterion, for many rea-
sons, HbA1c has surpassed it in its utility. The blood glucose
estimation, although considered a simple assay, is beset with
various methodological problems, the most important being
pre-analytical errors. Even when the sample is collected in a
fluoride tube, enzymatic degradation of glucose can proceed
further, causing spuriously low values [1–2]. On the other
hand, HbA1c, is a very sturdy analate and lately has been fully
standardized and harmonized in advanced countries [3–4].
The intraindividual variability of blood glucose is high with-
out any alterations in diet, drug, and exercise from day to day.
Glycemic excursions bear an important relationship with en-
dothelial health. However, their quantitation in terms of mean
amplitude of glycemic excursion and many such parameters
are yet to be used routinely. Such calculations require contin-
uous monitoring of blood glucose, which was not being prac-
tised extensively earlier, but is picking up presently.

For the reasons stated above, HbA1c holds a preeminent po-
sition in this regard. However, HbA1c does not reflect the gly-
cemic variability, although it faithfully reflects the mean blood
glucose. Additionally, in each population, depending upon the
prevalence of hemoglobinopathies, the reference values need to
be worked out, which has only been accomplished in a few
advanced countries. The intraindividual coefficient of variation
of HbA1c estimation is less than 1 % while that of plasma glu-
cose is about 4 % [5–7]. Hence, HbA1c coupled with self-
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monitoring of blood glucose (SMBG) is now established as the
best parameter to measure glycemia.

Continuous glucose monitoring systems At present, HbA1c

is the most common biochemical parameter used to evaluate
glycemic control and to guide therapeutic changes. However,
HbA1c is an inappropriate marker for detecting rapid fluctua-
tions in blood glucose levels, i.e., glycemic variability.
Glycemic variability is a complex phenomenon that includes
both intraday and interday variability taking into account mi-
nor and major blood glucose fluctuations. Real-time continu-
ous glucose monitoring systems (CGMS) provide detailed
information about the direction, magnitude, duration, and fre-
quency of fluctuations in blood glucose levels. Clinically,
CGMS data interpreted in the light of diet, physical activity,
and medications can help identify and prevent unwanted pe-
riods of hypoglycemia and hyperglycemia. The accuracy of
CGMS-generated data still varies from simultaneous capillary
blood glucose measurements by an average 10–20 % [8], but
it serves as a valuable learning tool. CGMS data can be used to
study the effects of glycemic variability expressed as standard
deviation from the mean (mean ± SD) and mean amplitude of
glycemic excursions (MAGE). Higher standard deviation
(SD) reflects greater glycemic variability. Currently, a 2 SD
of <54 mg% is considered acceptable variability of blood
glucose [9]. MAGE is not dependent on the mean glucose
value as it quantitates glucose swings. It has been demonstrat-
ed that glycemic variability, expressed as MAGE, exerts a
more specific triggering effect on oxidative stress than chronic
sustained hyperglycemia [10]. Future studies on glycemic var-
iability can help identify the relationship of oxidative stress is
linked with major glucose fluctuations, and whether lowering
glucose variability reduces the risk of microvascular and
macrovascular complications.

Self-monitoring of blood glucose SMBG is an important
component of diabetes management as an estimation of blood
glucose at many time points directs theraputic adjustments
towards optimal glycemic control. Over the years, numerous
studies have been carried out to determine the appropriate
frequency and true impact of SMBG on glycemic control.
Many published studies have demonstrated that regular and
frequent SMBG improves control in patients regardless of
type of diabetes or therapy used [11, 12]. SMBG remains a
vital clinical tool in clinical practice as motivation and em-
powerment of patients to self-manage diabetes is enhanced by
SMBG data.

Fixing glycemic targets

For fixing glycemic targets, theoretically, there are at least two
approaches: the HbA1c or blood glucose can be rendered

completely normal or alternatively lowered to the extent that
it minimizes complications without producing distressing in-
cidence of hypoglycemia. Reduction of HbA1c to the normal
level is difficult to achieve in most diabetics without signifi-
cant hypoglycemia. The only exception to this would be a
newly discovered type 2 diabetic who is controlled on lifestyle
measures alone or on a small dose of metformin. Hence,
HbA1c value seen at the threshold of microvascular complica-
tions is considered as a valid target [13]. Of all the vascular
complications, retinopathy is used for this purpose as it re-
flects the outcome of hyperglycemia and its duration most
faithfully [14–15]. Macrovascular complications may start be-
fore manifest hyperglycemia [16], and are closely related to
comorbidities. Additionally, interventions may reveal a differ-
ence in macrovascular disease only in the long run [17–19].
Hence, they cannot be employed in target setting. When our
understanding of macrovascular disease and its relationship
with hyperglycemia improves, we may be able to conceive
glycemic targets and the period of time over which they need
to be sustained to prevent the macrovascular complications.
Till then, we have to confine our outcome studies in this re-
gard to microvascular disease. Another area where outcome
studies may be more precise is setting of glycemic targets in
pregnancy, as the outcomes in pregnancy lend themselves to
precise measurements.

Evolution of glycemic targets

Historically, glycemic targets have evolved over the past three
to four decades. The impetus to set these targets was a series of
landmark studies [9, 20], where HbA1c of 7 % [NGSP method
(National Glycohemoglobin Standardization Program)] ap-
peared to represent the threshold for complications. With con-
siderable enthusiasm, this value was promulgated as a target.
In fact, most patients know of this as the magic figure.

Initially, several committees formulating guidelines pro-
posed same glycemic targets for type 1 and type 2 diabetes
[21]. This appeared quite anomalous to physicians practising
diabetology. It was very easy for a treating physician to dis-
cern the fact that same degree of intensive control without
hypoglycemia is difficult to achieve in type 1 diabetes as com-
pared to type 2 diabetes. Hence, some of them proposed far
ahead of the standard ADA/EASD recommendations that the
glycemic targets have to be different in type 1 and type 2
diabetes. The impact of duration of diabetes was also appre-
ciated by practising physicians far ahead of ADA/EASD rec-
ommendations [22]. The ADA/EASD proposed such criteria
as late as in the year 2009 [23], and subsequently, other com-
mittees including the American Association of Clinical
Endocrinologists (AACE) and American College of
Endocrinology (ACE), International Diabetes Federation
(IDF), Canadian Diabetes Association (CDA), and National
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Institute for Clinical Excellence (NICE) revised their recom-
mendations as well (Table 1).

The impact of intensive glycemic control on the
macrovascular complications of diabetes came to be appreci-
ated following the publication of ADVANCE, ACCORD, and
VADT studies [28–30] where not only patients of long-
standing diabetes but also those with pre-existing complica-
tions were enrolled for the study and where intensive control
either failed to improve vascular outcomes or at times accel-
erated the vascular complications [31]. In the past 5 years,
individualization of targets has become the watchword and
BMoving Goal Posts^ sums up the current approach very
aptly.

Basis of individualization of glycemic targets Table 2 lists
the criteria on which individualization of glycemic targets can
be based.

Age, duration of diabetes, life expectancy

Elderly age, short life expectancy, and long duration of diabe-
tes are likely to occur simultaneously in many type 2 diabetics
[17–19, 22, 28–30, 32, 33]. These factors call for relaxation of
glycemic targets. The vascular complications as well as use of
insulin therapy is also likely to occur in the same group.
Hence, in any given patient, individualization of glycemic
targets will require consideration of several coexisting facts.

Type of diabetes

Most internists deal with a large number of type 2 diabetes, but
usually not a substantial number of type 1 diabetics. The en-
docrinologists and diabetologists dealing with both the groups
appreciate the different behavior of these diseases. Most part
of their diabetic life, type 2 are treated with OAD’s while type
1 diabetics are always on insulin. Because of a low C-peptide,
type 1 diabetics have unstable hyperglycemia [34]. Insulin
therapy, in spite of current advances, continues to exhibit
20–40 % intraindividual coefficient of variation [35, 36].
Hypoglycemia is also more frequent with insulin therapy
[18, 37]. Although most clinicians have set different glycemic
targets for their type 1 and type 2 diabetics for more than three
to four decades [22], these facts have only recently been
reflected in the American Diabetes Association (ADA),

European Association for the Study of Diabetes (EASD),
and International Diabetes Federation (IDF) guidelines [23].

Type of therapy

Although type of therapy does not have a direct bearing on the
glycemic targets, it is an indirect reflection of the stage and
type of diabetes in an individual patient. Pharmacotherapy
becomes more complex in patients with type 2 diabetes with
increased duration of disease [38]. Hence, the targets need to
be relaxed with more complex therapy. The coefficient of
variation of insulin response discussed above also imparts
considerable instability to blood glucose, increasing the inci-
dence of hypoglycemia [35–36].

Currently, type 2 diabetics, especially during the first 5–
10 years of their disease, are being treated only with oral anti-
hyperglycemic agents (OAHAs) like metformin, pioglitazone,
DPP-4 inhibitors, and nutrient blockers (e.g., acarbose and
voglibose) rather than oral hypoglycemic agents (OHAs) like
sulfonylureas, meglitinides, and insulin. This preference is
due to a lower risk of hypoglycemia with OAHAs. It is pos-
sible to exhibit an OAHA in full dosage, in the first 5–10 years
of type 2 diabetes mellitus, leading to good control without
much hypoglycemia. In fact, it is possible to target a HbA1c as
low as 5–6 % at this stage. Not only is this goal attainable, it is
most desirable to undertake such an approach because first 5–
10 years of good control translates into much greater benefits
than latter 10 years of good control [17–19, 39].

The above-described approach is more likely to result in
attainment of lower glycemic targets in a larger section of type
2 diabetics. For example, in many patients with type 2 diabe-
tes, sensitizing agents like pioglitazone, metformin, and addi-
tion of DPP-IV inhibitors have permitted use of lower dosage
of insulin, less hypoglycemia and, hence, attainment of better
glycemic control. Newer therapeutic agents such as the DPP-
IV inhibitors can be used at four stages of type 2 diabetes:
initial therapy with or without metformin; metformin failures,
triple drug therapy as add-on to metformin and sulfonylurea,
and lastly along with insulin therapy. Furthermore, use of an
insulin pump almost eliminates a major drawback of subcuta-
neous insulin therapy as intrasubject coefficient of variation of
insulin with pump is as low as 2 % [40]. Thus, the targets on
pump therapy can be quite strict. It is important to point out
that a sensitizing agent may be required even in pump therapy
in type 2 diabetes mellitus [41].

Table 1 Current recommendations for glycemic targets in type 2 diabetes in non-pregnant adults

ADA/EASD [23] AACE/ACE [24] IDF [25] CDA [26] NICE [27]

Fasting glucose 70–130 mg/dL <110 mg/dL <115 mg/dL 72–126 mg/dL Not mentioned

2-h postprandial glucose <180 mg/dL <140 mg/dL <160 mg/dL 90–180 mg/dL Not mentioned

HbA1c <7 % ≤6.5 % <7 % <7 % 6.5–7.0 %
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Presence of complications

Microvascular complications are usually seen after a decade
or two of type 2 diabetes although occasionally onset of such
complications has been described at the time of diagnosis.
Macrovascular disease may develop even before the diagnosis
of type 2 diabetes and often its progression is dependent not
only on diabetes, but on other comorbid conditions like hy-
pertension, elevated LDL-cholesterol, tobacco abuse, and
obesity. Significant complications are only seen after 10–
20 years of type 2 diabetes mellitus and usually are vascular
in nature, but occasionally severe peripheral neuropathy may
dominate the scene [14, 16].

As discussed above, ADVANCE, ACCORD, and VADT
studies [28–30] have pointed out the hazards of over-zealous
glycemic control, especially with pre-existing vascular com-
plications. A subset analysis of ADVANCE study has, how-
ever, shown that speed with which metabolic control is
achieved may be an important determinant of complications.
Currently, the American Diabetes Association (ADA) and
European Association for the Study of Diabetes (EASD) con-
sider HbA1c of 7.5 % or even up to 8.5 % acceptable in dia-
betics with complications [42].

In case of painful, acute, or sub-acute peripheral neuropa-
thy of diabetes, meticulous glycemic control may be reward-
ing and may have to be attempted. For example, a HbA1c of
6.5 % with elimination of prandial peaks may be required to
obtain optimal relief of neuropathic pain [14].

Propensity to hypoglycemia and hypoglycemia awareness

Theoretically, potent oral anti-diabetic drugs (OAD) and
insulin can successfully lower blood glucose in any dia-
betic, but for the overwhelming barrier of hypoglycemia.
When there is presence of hypoglycemia unawareness,
this barrier becomes formidable [43]. Recognizing the
preventable causes of hypoglycemia, apart from the
OAD and insulin, is an important strategy in achieving
glycemic targets. Thus, issues of variable diet, sick day

routine, unanticipated exercise, and drug interactions
have to be addressed. Unfortunately, after addressing
these issues, there remains a significant incidence of hy-
poglycemia in many diabetics. Recurrent hypoglycemia
is closely related to patients’ endogenous insulin reserve.
Hence, type 1 diabetics are particularly prone to hypo-
glycemia as they are insulin deficient and require exog-
enous insulin to regulate glucose levels. The increased
susceptibility toward hypoglycemia in patients with type
1 diabetes is further exacerbated by impaired glucagon
release in response to hypoglycemia [44].

The inimical consequences of hypoglycemia have been
adequately emphasized in a large number of studies. The con-
sequences include cardiac arrhythmias, cognitive defects, au-
tonomic failure, and probably some deaths [45–47]. In the
presence of hypoglycemia unawareness, it is clearly recom-
mended that glycemic targets be revised upwards for 6 weeks
or more to restore hypoglycemia awareness. Because the basic
causes of unawareness continue to prevail, it appears difficult
for the present authors to accept that the glycemic targets can
be lowered after 6 weeks, as it is likely to lead to a recurrence
of hypoglycemia unawareness. Probably, the targets will need
to be revised permanently.

Availability of family support, patient motivation,
and education

Each of these factors limits the possibility of achieving
strict targets without producing significant hypoglycemia.
A thorough understanding of the interaction of food,
drugs, and physical activity is essential for obtaining
good glycemic control. Elderly people, living alone,
may suffer from severe hypoglycemia and its conse-
quences and, hence, need to have relaxed targets. A poor
acceptance of lifestyle management may necessitate up-
ward revision of glycemic targets, as pushing of hypo-
glycemic drugs indiscriminately in this situation will pro-
duce significant hypoglycemia [48–50].

Table 2 Criteria for individualization of glycemic targets

Sr no. Criteria Reference

1 Age [28–30]

2 Duration of diabetes [17–19, 22, 28–30]

3 Life expectancy [32, 33]

4 Type of diabetes [18, 23, 34–37]

5 Type of therapy: OAD, standard insulin therapy, intensive insulin therapy, insulin pump therapy [45, 46, 48–51]

6 Presence of complications [28–30, 42]

7 Propensity to hypoglycemia; hypoglycemia unawareness [43–47]

8 Availability of family support, education, diabetes self management education, adherence [48, 49, 50]
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Individualizing glycemic targets

Optimal glycemic control is fundamental to the management
of diabetes mellitus. Due to the heterogeneous nature of dia-
betes and the necessity of achieving a fine balance between
progressive glycemic control and increased risk of hypogly-
cemia, tailoring therapeutic regimens and selecting appropri-
ate glycemic targets can be quite challenging for a physician.
Based upon theoretical considerations and clinical perspec-
tives discussed above, we have endeavored to propose a
framework for setting individualized glycemic targets for pa-
tients with type 1 or type 2 diabetes taking into account several
key parameters (Table 3).

In type 1 diabetes, the key factors to take into consideration
when selecting glycemic goals are duration of diabetes, pres-
ence of microvascular complications and/or macrovascular
complications, and treatment modality. As insulin therapy is
the cornerstone of management among these patients, risk for
hypoglycemia will remain moderate to high. A target range of
HbA1c 6.5–7.0 % can be used for those with disease duration
<10 years with or without established microvascular compli-
cations. The lower end of this range (HbA1c ≤ 6.5 %), if safely
achievable, can be targeted specially for those on insulin pump
therapy. However, the selected HbA1c target may need to be
relaxed to a range of 6.5–7.5 % for those being managed with
basal-bolus insulin therapy. As duration of diabetes increases
beyond 10 years, microvascular and macrovascular complica-
tions set in; hence, the selected targets can then fall into the
range of HbA1c ≤ 7.0–8.0 %, with the lower end being pur-
sued only if safely achievable.

Selection of targets for the management type 2 diabetes
requires more factors to be considered: age, duration of dia-
betes, presence of microvascular and/or macrovascular com-
plications, complexity of therapeutic regimen, and risk for
hypoglycemia. Notably, the risk for hypoglycemia is strongly
linked with the pharmacological therapies used. The risk is
low with OAHAs, moderate with addition of OHAs and/or
basal insulin, and high with further addition of prandial insu-
lin. A glycemic target in the range of HbA1c 6.5–7.0 % can be
selected for patients <65 years of age, disease duration
<10 years without established microvascular and/or
macrovascular complications, and where treatment used does
not include prandial insulin. With advancing age (65–

75 years), longer duration of diabetes >10 years, and the ad-
dition of prandial insulin to achieve glycemic control, it is
advisable to select a HbA1c target in the range of 7.0–7.5 %.
In patients >75 years of age with pre-existing macrovascular
complications, it is logical to select a glycemic target between
7.5 and 8.5 % preferentially based on the potential risk for
hypoglycemia. In all these situations, it is prudent to pursue
lower targets only if safely achievable.

Status of glycemic targets attainment

In the past decade, the glycemic targets are increasingly being
achieved in a larger percent of diabetics. This may reflect early
diagnosis, better treatment and monitoring tools, and better
education. However, we are yet far away from a near total
achievement of ABC targets (HbA1c, blood pressure, and cho-
lesterol), most specifically when all three targets are
considered.

Figure 1 shows the frequency at which HbA1c targets are
currently being achieved at Diabetes Endocrine Nutrition
Management and Research Centre, Mumbai. At the time of
initial reporting, HbA1c < 7.0 % was seen only in 12 % of
patients. On optimizing treatment using best practice guide-
lines, the number of patients achieving HbA1c < 7.0 % rose to
28 %. Many of the patients attending our center are older with
diabetes of more than 10 years duration and have pre-existing
macrovascular complications. In this population, a HbA1c of
<8 % can be considered a realistic target, which means initial-
ly, 32 % of patients were at target and on follow-up, 53 % of
patients achieved the HbA1c target. Furthermore, institution of
individualized treatment guided by expert clinical advice sig-
nificantly reduced the number of patients with HbA1c > 8 %
from 68 % at initial presentation to 47 % on follow-up.

Trends in glycemic targets

Examination of HbA1c trends among adults with type 2 dia-
betes using three consecutive waves of the National Health
and Nutrition Examination Survey (NHANES) revealed a
consistent decline in HbA1c from 7.82 % in 1999–2000 to
7.47 % in 2001–2002 with further reduction to 7.18 % in
2003–2004. Notably, in this cohort, approximately 35 %
achieved HbA1c ≤ 6.9 % in 2003–2004 [51]. Similar

Table 3 Suggested glycemic targets* for individuals with type 1 and type 2 diabetes mellitus

Type 2 diabetes mellitus Initial 2–5 years of disease <6.5 %

5–10 years of disease <7.0 %

>10 years of disease with or without cardiovascular, renal, retinal, neurological complications <7.5 %

Type 1 diabetes mellitus With intensified insulin therapy or insulin pump therapy <7.0 %

With standard insulin therapy <7.5 %

With cardiovascular, renal, retinal, neurological complications <8.0 %

*Aim for lower HbA1c target, if safely achievable
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observations were seen in a longitudinal study where a mean
reduction in HbA1c by 0.4 ± 1.8 % was seen over a span of
10 years from 1996 to 2006 [52].

Presently, the greatest challenge in clinical practice lies in
lowering HbA1c in patients with type 2 diabetes whose
glycated hemoglobin levels fall near 8 %. It has been well
established that postprandial glycemic excursions are major
contributors to mild HbA1c elevation whereas fasting hyper-
glycemia significantly contributes toward HbA1c > 8 % [53].
Progression of type 2 diabetes leads to stepwise deterioration
in glycemic control from postprandial hyperglycemia to
fasting hyperglycemia [54]. It has been observed that intensi-
fication of treatment, particularly with basal insulin, can cause
alteration in the contributions from fasting and postprandial
hyperglycemia towards HbA1c [55]. Therefore, in this cohort,
lowering HbA1c to <7 % requires intelligent selection of ther-
apies to effectively lower both basal and postprandial
hyperglycemia.

Pregnancy

Physiologically, profound metabolic changes occur during
pregnancy to favor optimal growth of the fetus. Maternal in-
sulin resistance develops normally as an adaptation to ensure
availability of appropriate fuels to the fetus, a process termed
Bfacilitated anabolism.^ In the 1950s, Pederson’s pioneering
work suggested that in the offspring of mothers with diabetes,
maternal hyperglycemia led to fetal hyperinsulinemia and
overgrowth as a consequence of excess exposure of the fetus
to maternal glucose. This hypothesis was later modified by
Freinkel to include the potential contribution of other nutrients
towards fetal overgrowth, termed as Bfuel-mediated
teratogenesis^; however, the role of fetal hyperinsulinism
and control of maternal hyperglycemia remained central [56,
57]. Over the years, there has been a growing body of evi-
dence substantiating that good maternal glycemic control is
necessary to achieve favorable maternal and fetal outcomes in
pregnancy complicated by diabetes. However, the definition

of Bgood maternal glycemic control^ is being continually
debated.

There are two well-illustrated classic approaches to fix gly-
cemic targets in pregnancy complicated by diabetes, i.e.,
based on normative data and outcome-related data.

Normative data

Recently, Hernandez et al. carried out a systematic review of
data spanning 45 years describing glycemic patterns in normal
pregnancy [58]. Pooled results from a total of 12 studies
showed that weighted average glucose values (±1 SD) were
71 ± 8 mg/dL fasting, 109 ± 13 mg/dL at 1-h postprandial
(PP), and 99 ± 10 mg/dL at 2-h postprandial. Based on these
results, the 1-h PP target ranged from 96 to 122 mg/dL and the
2-h PP target ranged from 89 to 110 mg/dL. For comparison
the ±2 SD values have also been noted in Table 4. Notably, the
1-h PP and 2-h PP targets, which are ±2 SD above the weight-
ed means, are similar to currently recommended therapeutic
targets.

Studies have also been carried out to establish trimester-
specific HbA1c reference intervals in pregnancy. O’Connor
reported HbA1c in the range of 4.8–5.5 % in non-pregnant
Caucasian women while the trimester-specific reference inter-
vals were 4.3–5.4 % in the first trimester, 4.4–5.4 % in the
second trimester, and 4.7–5.7 % in the third trimester [59].
HbA1c is lower in the first and second trimesters of pregnancy
compared to non-pregnant women. At present, the ADA rec-
ommends HbA1c ≤ 6 % for women with diabetes during preg-
nancy. Comparatively, the Australian Diabetes Society recom-
mends glycemic targets based on type of diabetes during preg-
nancy, i.e., HbA1c ≤ 7 % for pregnant women with pre-
existing type 1 diabetes and HbA1c ≤ 6% for pregnant women
with pre-existing type 2 diabetes [63, 64].

Outcome-related data

Suhonen et al. studied fetal outcomes in women with type 1
diabetes (gestation age < 14weeks) where fetal malformations

HbA1c

HbA1c

HbA1c

HbA1cHbA1c

HbA1c

Fig. 1 Initial and follow-up
HbA1c data from Diabetes
Endocrine Nutrition Management
and Research Centre, Mumbai
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occurred in 4.2 % compared to 1.2 % in the control group. The
risk for fetal malformations was particularly high with
HbA1c ≥ 9.3 % while some degree of risk (3 %) was also
associated with a lower HbA1c in the range of 5.6–6.5 %.
The corresponding blood glucose values below which the risk
of fetal malformations decreased were FBG < 104.4 mg/dL
and PP < 163.8 mg/dL [65].

A review of seven cohort studies identified 117 anomalies
among 1977 pregnancies. At a peri-conceptional GHb con-
centration 0 SD above normal, the absolute risk of a pregnan-
cy affected by a congenital anomaly was approximately 2 %,
at 2 SD above normal, the risk was 3 %, and at 8 SD, it was
approximately 10 % (CI 2.3-17.8). For each 1-SD unit rise in
GHb, the associated risk of a congenital malformation in-
creased by an odds ratio of 1.2 (95 % CI 1.1–1.4). The risk
in relation to HbA1C followed the same pattern [66]. Similar
observations in addition to an increased rate of perinatal mor-
tality associated with HbA1C ≤ 6.9 % has also been reported in
other studies [67].

Historical data has established a strong association between
pregnancy loss and poor glycemic control in the first trimester
[68, 69]. Mills et al. demonstrated that in normal pregnancies
and among diabetic women with good metabolic control, the
risk of pregnancy loss in the first trimester was similar at 16%.
Notably, the risk of spontaneous abortion significantly in-
creased among diabetic women with poor glycemic control.
Each increase of 1 SD above the normal for glycated hemo-
globin was associated with a further 3.1 % rise in rate of
pregnancy loss. More recent studies have also demonstrated
increased risk of pregnancy loss at high and low extremes of
maternal glucose concentrations [70–72]. To minimize the
risk of spontaneous abortions and major congenital

malformations, it is recommended to achieve HbA1C as close
to normal as safely possible before pregnancy.

Maternal diabetes is one of the strongest risk factors asso-
ciated with large for gestation age (LGA) infants. In pregnant
women with pre-existing type 1 diabetes, Mello et al. reported
a significantly high rate of LGA infants (54 %) among those
who achieved a mean glucose ≥95 mg/dL in the second and
third trimesters of pregnancy. The HbA1c and postprandial
targets achieved were not reported; however, the targets se-
lected were pre-meal 70–90 mg/dL and 2-h PP <120 mg/dL
[73]. Higher rates of LGA infants have also been reported in
women with gestational diabetes where it has been suggested
that targeting 1-h PP ≤130 mg/dL reduces the incidence of
fetal macrosomia but increases the incidence of small for ges-
tation age (SGA) infants [74].

Assessing glycemic control in pregnancy

HbA1c is used in routine clinical practice for retrospective
estimation of glycemic control in the past 2–3 months. The
physiological changes in erythrokinetics during pregnancy in-
fluence the interpretation of HbA1c as a measure of glycemic
control. The life span of erythrocytes also reduces to 90 days,
which may reduce the HbA1c value. New erythrocytes formed
are exposed to a lower time-averaged glucose concentration
compared to non-pregnant women resulting in a lesser degree
of glycosylation. Hence, HbA1c needs to be measured at an
increased frequency of every 1–2 months. Nutrient deficien-
cies, particularly iron deficiency, are common, which may
affect HbA1c during the dynamic phase of anemia. For these
reasons, HbA1c is used in conjunction with capillary blood

Table 4 Currently recommended glycemic targets in pregnancy compared to normative data

Normative data Currently recommended target

Weighted mean ± SD (mg/dL) +1 SD range (mg/dL) +2 SD range (mg/dL)

FBG 71 ± 8 63–78 55–87 <90 mg/dL [60, 61]

1-h PP 109 ± 13 96–122 83–135 <140 mg/dL [60–62]

2-h PP 99 ± 10 89–109 79–119 <120 mg/dL [60, 61]

Table 5 Suggested glycemic targets in pregnant women with diabetes

Type of diabetes Treatment modality Risk of hypoglycemia Suggested glycemic target (%)

Gestational diabetes mellitus (GDM) Metformin Low <5.0a

Metformin ± basal–bolus insulin therapy Moderate–high <5.5a

Pre-gestational, type 2 Metformin Low 6.0a

Basal–bolus insulin therapy ± metformin Moderate–high 6.5a

Pre-gestational, type 1 Insulin pump therapy Moderate–high <6.5a

Basal–bolus insulin therapy Moderate–high 7.0a

a Aim for lower HbA1c target, if safely achievable
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glucose targets to guide treatment of pregnancy complicated
by diabetes [75–78].

Individualizing glycemic targets in pregnancy

It is important to look at the feasibility of achieving glycemic
targets in pregnancy. From this angle, vigorous discussion has
not taken place in the literature. However, if HbA1c achieved
in various studies of diabetes in pregnancy is examined, a very
interesting observation emerges. Weighted mean HbA1c

achieved in these studies in gestational, pre-gestational type
2 diabetes, and pre-gestational type 1 diabetes shows a clear
gradient of 4.83, 6.15, and 6.48 %, respectively [79–92]. In
this context, we would like to extend the concept of
Bindividualizing glycemic targets^ to pregnancies complicat-
ed by diabetes taking into consideration three important fac-
tors: type of diabetes (i.e., pre-existing type 1 or type 2 diabe-
tes or gestational diabetes), risk for hypoglycemia and treat-
ment modality. Conceptually, it is important to recognize that
type 2 diabetes mellitus, pre-gestational, and gestational dia-
betes (GDM) represent different stages of diabetes and as
proposed in the non-pregnant state, the targets recommended
should logically be different in these categories. Based upon
these observations, we propose HbA1c targets from 5.5 to 7 %
in various categories of pregnant diabetics (Table 5).

A recent systematic review and meta-analysis highlighted
the lack of evidence regarding the association between differ-
ent intensities of glycemic control during pregnancy and ma-
ternal and neonatal outcomes [93]. There are no RCTs com-
paring current vs. lower glucose targets powered on maternal
and/or fetal outcomes, and no studies evaluating the effect of
type of diabetes during pregnancy on feasibility of achieving
current recommended glycemic targets. Based on clinical
studies [79–92], the control achievable in pregnant women
with pre-existing type 1 diabetes or type 2 diabetes and ges-
tational diabetes is different. Therefore, it is advisable to select
more stringent targets for pregnant women with pre-existing
type 2 diabetes and gestational diabetes (FBG < 90mg/dL, 1-h
PP < 130 mg/dL, and 2-h PP < 110 mg/dL) while more re-
laxed glucose targets (FBG < 90 mg/dL, 1-h PP < 140 mg/dL,
and 2-h PP < 120 mg/dL) may be more feasible in pregnant
women with pre-existing type 1 diabetes.

Conclusion

Although an armamentarium of pharmacological agents is
currently available to enable achievement of good glycemic
control, the medical management of diabetes has become in-
creasingly complex. Glycemic control remains a major focus
in the management of patients with diabetes. Therefore, selec-
tion of an appropriate glycemic target to guide pharmacother-
apy is of utmost importance. Over the years, practising

physicians have aptly perceived that the same degree of gly-
cemic control without an increased incidence of hypoglyce-
mia is difficult to achieve in type 1 diabetes as compared to
type 2 diabetes. At present, all guideline-formulating commit-
tees worldwide endorse the individualization of glycemic tar-
gets, which has been elaborately discussed through the con-
cept of BMoving Goal Posts^ in this paper. A number of pa-
rameters to be considered, while selecting a glycemic target in
the range of HbA1c 6.5–8 % for an individual patient, have
been identified and addressed. It is imperative to extend the
concept of individualization to the management of diabetes in
pregnancy. Based on clinical studies, the degree of glycemic
control achieved in pregnant women with pre-existing type 1
or type 2 diabetes is different from that attained in pregnant
women diagnosed with gestational diabetes. Therefore, it is
logical to propose selection of glycemic targets in the range of
HbA1c 5.5–7 % for the management of diabetes in pregnancy
based on three key parameters: type of diabetes (pre-existing
type 1 or type 2 diabetes or gestational diabetes), risk for
hypoglycemia, and treatment modality. Currently, there is in-
sufficient evidence on the effect of different intensities of gly-
cemic control during pregnancy on neonatal outcomes, which
should be addressed by future studies.
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Abstract Cation-exchange high-performance liquid chroma-
tography separates hemoglobin species based on charge differ-
ences. Since the glycosylated hemoglobin [HbA1c] test is
based on normal hemoglobin, hemoglobinopathies can affect
the test by altering the normal process of glycation of HbA to
A1C, producing an abnormal peak on chromatogram ormaking
the erythrocytes more prone to hemolysis, thereby decreasing
the time for glycosylation to occur and producing a falsely low
A1C result. A 51-year-old male presented with complaint of
generalized weakness. HbA1c test done to rule out abnormal
glucose tolerance revealed undetectable levels. He had low he-
moglobin, microcytic red cell indices, 86.2 % of hemoglobin E
(corrected A2), and minor elevation of fetal hemoglobin. This
case is significant for the incidental discovery of HbE homozy-
gosity in an apparently healthy and active person, through inci-
dental finding of undetectable levels of HbA1c.

Keywords HbE homozygous . HbF . Biorad D-10 . HbA1c
.

Hemoglobinopathy . Glycohemoglobin

Introduction

Hb A1c assays can be divided into methods that use
molecular charge [cation exchange, high-performance

liquid chromatography, and electrophoresis] and
methods that use molecular structure [immunoassays,
boronate affinity chromatography, and mass spectrome-
try] [1]. In CE-HPLC and electrophoresis assays, Hb
A1c can be separated from Hb A because glycation of
the N-terminal valine decreases the positive charge.
These methods are affected by posttranslational modifi-
cations (like carbamylation and acetylation) or by hemo-
globin mutations that alter the charge.

Hemoglobin separates into major and minor hemoglobins
when subjected to [CE-HPLC], the minor hemoglobins A1a,
A1b, A1c, F1, and P3 components being posttranslational mod-
ifications of globin chains. The order of elution of various
components is HbA1a, HbA1b, HbF, LA1c/CHb-1, LA1c/
CHb-2, HbA1c, P3[Hbd component], HbA0, and HbA2 [2].
Hb variants (or their glycated forms) may interfere with Hb
A1c assays based on CE-HPLC and electrophoresis by
coeluting/comigrating with Hb A0 and/or Hb A1c.or if the
hemoglobin variant peaks have retention times that are very
close to one of these peaks [3].

Case report

A 51-year-old male attended the outpatient department with
complaints of generalized weakness. Hewas clinically healthy
with normal growth and living an active life. He never re-
ceived any blood transfusions. His family history was
unremarkable.

His laboratory investigations were as follows [refer-
ence ranges in parentheses]: urea, creatinine, electro-
lytes, calcium, phosphorus, total protein, albumin, bili-
rubin, aspartate transaminase, gamma glutamyl transfer-
ase, and alkaline phosphatase were within reference
range. Serum iron 38.4 μg/dl (45–182), total iron bind-
ing capacity 294 μg/dl (250–450), ferritin 245.9 ng/ml
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(30–300), transferring saturation 13.1 % (20–50),
HBA1C 0 % (<5.6), TSH 4.18 μIU/ml (0.25–5), free
T4 11.21 pmol/l (9–20), hemoglobin 10 g/dl (13–17),
total leukocyte count 5000 cells/cumm (4000–10,000),
total erythrocyte count 5.05 million/cumm (4.5–5.5), he-
matocrit 30.4 % (45–50), platelet count 1.19 lakhs/
cumm (1.5–4), mean corpuscular volume (MCV)
60.1 fl (83–101), mean corpuscular hemoglobin (MCH)
19.8 pg (27–31), mean corpuscular hemoglobin concen-
tration (MCHC) of 33 % (31.5–34.5), and differential
count was within reference range. His peripheral smear
showed microcytic hypochromic RBCs with a few target
cells and polychromasia. Routine stool examination re-
vealed presence of bacteria, vegetable cells, and starch
fiber. Routine and microscopic urine examination did
not reveal any abnormality.

Rapid serology for HIV, HBsAg, and HCV was neg-
ative. HPLC for abnormal hemoglobins performed on
D-10 [Bio-Rad] showed HBE of 86.2 %, HBA0 6 %,
HBF 1.5 % (Fig. 1). Recheck with a fresh sample on
Siemens Dimension Xpand by turbidimetric inhibition
immunoassay (TINIA) principle revealed HBA1c to be
5 % and capillary electrophoresis showed major part to
be HBE [62 %].

Discussion

The HbE gene is a mutant form of the β-globin [HBB] gene
that encodes lysine instead of glutamate at position 26. Thisβ-
E chain is inefficiently produced because of a novel cryptic
messenger RNA splice site, leading to thalassemic RBC indi-
ces [4]. While HBE trait is diagnosed by high HbA2 [E+A2]
approximately 30%, homozygous HBE patients have approx-
imately 90 % HBE+A2 with minor elevation of HbF [5]. The
anemia is due to ineffective erythropoieseis, globin chain im-
balance leading to apoptosis and instability of HbE. This leads
to extramedullary hematopoiesis with organomegaly.

HbE may be present in the heterozygous state [genotype
AE or hemoglobin E trait], homozygous state [genotype EE or
hemoglobin E disease], and a variety of compound heterozy-
gous states such as hemoglobin E/β thalassemia [E/βthal] and
sickle cell/hemoglobin E disease [SE genotype] [4]. Hemo-
globin E (HbE) homozygotes have been described as clinical-
ly mild, never having been transfused and not having
hepatosplenomegaly [6].

Diagnostic dilemma is often posed by the HPLC method
being less specific since the HbA1c peak is affected by other
substances and by abnormal Hb variants [7]. Improbably low
percentages of glyco-Hb, especially those below the reference

Fig. 1 HPLC report in HbA1c

mode [left] and HBA2 mode
[right]
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range, are clear indications for the presence of hemoglobin
variants. Abnormal Hb results in an abnormal peak on chro-
matography [making the estimation of the fraction of HbA1c

unreliable], or [as in cases of thalassemia and sickle cell trait],
erythrocytes become susceptible to hemolysis, consequently
decreasing the time available for glycosylation of Hb chains
[8]. For samples that show Hb variants in the chromatograms,
HPLC users can additionally use a method that is not affected
by Hb variants, such as affinity chromatography or immuno-
assay [9].

The accept/reject criteria for HbA1c in the presence of a
variant Hb has been described by Behan et al. (Fig. 2) [3]. A
major limitation of our case study was that we did not have
DNA confirmation. However, the Bio-Rad analyzer is an ap-
propriate reference for this study because it is FDA-approved
for identifying HbA 2 and HbF and provides Bpresumptive^
identification of hemoglobin variant [10]. Besides, we

repeated the test with a fresh sample, tested the sample for a
sickle screen, ran hemoglobin electrophoresis, ran it on alter-
nate methodology of better specificity [immunoassay] in-
house and discussed with physician before arriving at diagno-
sis. In the presence of Hb variants, fructosamine, daily
multiple testing of capillary glucose or continuous glu-
cose monitoring may be used to monitor glycemic con-
trol [1]. A similar case of undetectable HbA1c by HPLC
and 7.2 % by immunoassay in a case of homozygosity
for HBE has been reported from India [11]. Dual
reporting in both SI (IFCC) and NGSP/DCCT units
should be used for reporting HbA1c and calculators to
convert between millimoles per mole and percentage
available at (http://www.hba1c.nu/eng2.html and http://
www.ngsp.org/convert1.asp) be used [12].

As the distribution of Hb variants continues to widen, the
need to understand how the most common Hb variants

HbA1c by HPLC

HbA1c with all 
criteria within 

acceptable range?

Report
YES

NO

HbA1c with HbF present HbA1c with HbAS or 
HbAC

HbA1c with other unknown 
Hb variant, e.g HbD,HbE,or 
with a P3 peak>10%

Repeat analysis to confirm 
presence

5%? Repeat testing
Report

If HbF >5%,do 
not report HbA1c 
due to 
interference from 
HbF.Suggest 
fructosamine as 
an alternative 
method for future 
monitoring of this 
patient

NO

Check database 
of known 
patients.is this a 
new patient?

Old patient:photocopy 
chromatogram & add 
to database

YES

New patient:file a photocopy 
of the chromatogram &  
report patient’s particulars in 
database

Report HbA1c with footnote:’the presence of HbAS [or HbAC] 
variant’ was detected.the HbA1C results are not affected by the 
presence of the HbAS [or HbAC] variant.’

Suggest Hb electrophoresis 
for identification of variant.

Give report to lab 
director to contact 
physician

Report as ‘unable to quantitate
HbA1c accurately by our 
method due to the presence of a 
Hb variant.suggest fructosamine 
or an alternative method for 
future monitoring of this 
patient.’

YES

NO

Fig. 2 Accept/reject criteria for
HbA1C in the presence of a
variant Hb [3]
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influence Hb A1C interpretation is becoming increasingly
important.
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Abstract Fulminant type 1 diabetes is a recently described
form of T1DMpresentation, reported mainly from Japan. This
mode of presentation is very rare among Caucasians and is not
reported from India before. We report a child presenting with
fulminant type 1 DM in association with acute hepatitis A
virus infection.

Keywords Fulminant type 1 diabetes . Hepatitis A

Introduction

Fulminant type 1DM is a recently recognized pattern of type 1
diabetes presentation reported mostly from Japan. It is char-
acterized by an abrupt onset of diabetes with ketosis or
ketoacidosis, near-normal HbA1c level at presentation, com-
plete beta cell destruction at onset, and absence of islet-
associated antibodies [1]. Fulminant type 1DM is considered
as a subtype of type 1B diabetes. Owing to the heterogenous
nature of T1B DM, there is appreciable variability in its mode
of presentation. Ethnic variability has a significant role in the
incidence of fulminant T1DM. Fulminant T1DM is rare
among Caucasians and is not reported from India before. Viral

infections are known to trigger T1DM. Reports of Hepatitis A
precipitating T1DM are very rare.

Case report

A 3-year-old girl was brought with fever of 2 days duration
and lethargy abdominal pain and vomiting for 1 day. She did
not have any osmotic symptoms or loss of weight prior to the
present episode. She had contact to hepatitis A viral hepatitis
in the household at the same time. On evaluation, she was
found to have high blood sugars (378 mg/ dl) and strong
ketonuria. There was no acidosis. She was hemo-
dynamically stable. Her heart rate was 104/min, respiratory
rate 24/min, blood pressure 96/69 mm of Hg. Her weight
was 12 kg (between 5th and 10th percentile) and height was
88 cm (10th percentile). Her serum sodium and potassium
were 131 and 3.1 mEq/l, respectively. Her serum creatinine
was 0.5 mg/dl and blood urea was 16 mg/ dl. Her liver func-
tion test showed a serum total bilirubin of 3 mg/dl, SGOT
760 IU/l, SGPT 340 IU/ l, and ALP of 560 IU/l. Serum lipase
was 138 (normal 73–393 u/l) and did not suggest exocrine
pancreatic damage. She improved with intravenous fluid ad-
ministration, potassium replacement, and intravascular insulin
infusion. Ig G HAV was done which was positive (HAV IgG
3.8 S/CO, >1.0 reactive by CMIA (chemiluminescent micro-
particle immunoassay)). Even though IgMHAVis the marker
of acute infection, Ig G was done because the antibody test
was done 6 weeks after the episode and the patient had no
history of hepatitis A in the past and was not immunized for
hepatitis A. Anti GAD 65 antibody was negative (4.6 IU/mL
by EIA (<10 negative)). Her HbA1c at admission was 6.2 %.
Her fasting serum C peptide level was undetectable. She was
discharged on a subcutaneous basal bolus insulin regimen
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with a bedtime basal insulin injection and three pre-meal bolus
insulin injections. On follow-up, her blood sugars were fairly
controlled and she required 0.5 units of insulin/kg of body
weight daily. Her liver function test subsequently normalized.

Discussion

This report highlights a rare presentation of fulminant type 1
diabetes associated with acute hepatitis A infection. This is
also the first report of fulminant type 1 diabetes from India
to our knowledge. Fulminant type 1 diabetes accounts for up
to 20% of all ketotic onset diabetes mellitus in Japan [2].
Balasubramanian et al. reported that none of the 55 recent
onset type 1 DM patients from North India had fulminant type
1 diabetes [3]. Fulminant type 1 diabetes is very rare among
Caucasians [4].

HLA polymorphisms strongly confer susceptibility or re-
sistance to type 1 diabetes. Susceptibility polymorphisms may
be different for Caucasians and for Japanese.While DR4-DQ4
is not a susceptibility factor for Caucasians, for Japanese,
DR4-DQ4 confers susceptibility [5]. Imagawa et al. found that
the frequency of HLA-DR4 was significantly higher in fulmi-
nant type 1DM unlike the frequency of HLA DR 9. In con-
trast, HLA-DR9 but not DR4 was more frequent in typical
type 1A diabetes. Haplotype DR4-DQ4 was significantly
more frequent, and DR8-DQ1 was less frequent in fulminant
type 1DM. In type 1A diabetes, DR9-DQ3 was significantly
more frequent [6]. In India while HLA DR 3 confers suscep-
tibility to type 1DM and DR 2 protects from type 1DM, HLA
DR 4 is very common in the background population, but it
does not confer susceptibi l i ty to type 1DM [7].
Balasubramanian et al. could not identify any patient with
fulminant type 1DM in a study of 55 recent-onset type 1DM
in North India. HLA DR 4 did not impart susceptibility in this
population [3]. Differential susceptibility of HLADR 4 in part
may explain the differences in incidence of fulminant type
1DM in different ethnic groups. Viral infections can precipi-
tate fulminant type 1DM. IgA antibody titres to enterovirus
are found to be significantly higher in fulminant type 1DM
than in typical type 1A DM [8]. Pregnancy is another condi-
tion known to precipitate fulminant type 1 DM. Shimizu et al.
reported 22 patients with fulminant type 1 DM with ketosis
presenting during pregnancy or within 2 weeks postpartam
[9]. Viruses may trigger type 1 DM by several mechanisms.
Reports of hepatitis Aviral infection triggering type 1 diabetes
is very scarce in the medical literature. Adi FC reported nine

patients with new-onset DM associated with an acute infec-
tious hepatitis epidemic in Nigeria [10]. Makeen AM reported
three patients who developed diabetes mellitus and presented
with diabetic ketoacidosis within weeks of acute hepatitis A
infection [11]. Another report of fulminant type 1 DM associ-
ated with acute hepatitis Awas published from Korea [12].

Present report shows that fulminant type 1 DM occurs in
India as well. Enteroviral infection, particularly hepatitis A
viral infection, is more common in developing world; such
infections may in part contribute to the increasing incidence
of type 1 diabetes in this part of the world. There can also be
regional variability in occurrence of fulminant type 1 DM
between different parts of India as these are genetically diverse
populations.

References

1. Tanaka S, Kobayashi T, Momotsu T. A novel subtype of Type 1
diabetes mellitus. N Engl J Med. 2000;342:1835–7.

2. Imagawa A, Hanafusa T, Uchigata Y, et al. Fulminant type 1 dia-
betes: a nationwide survey in Japan. Diabetes Care. 2003;26:2345–
52.

3. Balasubramanian K, Dabadghao P, Bhatia V, Colman PG, Gellert
SA, Bharadwaj U, et al. High frequency of type 1B (idiopathic)
diabetes in North Indian children with recent onset diabetes.
Diabetes Care. 2003;26:2697.

4. Pozzilli P, Visalli N, Leslie D, IMDIAB Group. No evidenca of
rapid onset (Japanese) type 1 diabetes in Caucasian patients.
Diabetologia. 2000;43:1332.

5. Ikegami H, Ogihara T. Genetics of insulin dependent diabetes
mellitus. Endocr J. 1996;43:605–13.

6. Imagawa A, Hanafusa T, Uchigata Y, Kanatsuka A, Kawasaki E,
Kobayashi T, et al. Different contribution of class II HLA in fulmi-
nant and typical autoimmune type 1 diabetes mellitus.
Diabetologia. 2005;48:294–300.

7. Bhatia E, Melira NK, Taheja V, Vaidya MC, Ahuja MMS. HLA-
DR antigen frequencies in a north Indian type 1 diabetic population.
Diabetes. 1985;34:565–7.

8. Imagawa A, Hanafusa T, Makino H, Miyagawa JI, Juto P. High
titres of IgA antibodies to enterovirus in fulminant type 1 diabetes.
Diabetologia. 2005;48:290–3.

9. Shimizu I,Makino H, Osawa H, Kounoue E, ImagawaA, Hanafusa
T, et al. Association of fulminant type 1 diabetes with pregnancy.
Diabetes Res Clin Pract. 2003;62:33–8.

10. Adi FC. Diabetes melitus associated with infectious hepatitis in
Nigeria. Br Med J. 1974;1:183–5.

11. Makeen AM. The association of infective Hepatitis type A (HAV)
and Diabetes mellitus. Trop Geogr Med. 1992;44(4):362–4.

12. Hwang Y-C, Jeong I-K, Chon S, Oh S, Ahn KJ, Chung HY, et al.
Fulminant Type 1 diabetes mellitus associated with acute hepatitis
A. Diabetes Med. 2010;27(3):366–7.

Int J Diabetes Dev Ctries (July–September 2016) 36(3):374–375 375



Importance of adherance to yoga in management of type
2 diabetes

Gaurav Kumar & Aarti Jagannathan & M. K. Sridhar

Received: 30 December 2014 /Accepted: 27 February 2015 /Published online: 17 March 2015
# Research Society for Study of Diabetes in India 2015

Dear Sir,
In the study conducted by Nagarathna et al. [1], it was ob-
served that yoga-based life style modification programme is
similar to exercise-based life style modification in reducing
blood glucose, HbA1c, triglycerides, total cholesterol and
VLDL. An important feature in the interpretation of the results
of the study, which the authors seemed to have missed, is the
participant’s adherence to the yoga programme over the
6-month period of the study. In yoga studies, adherence is
usually objectively measured as the number of yoga classes
the participant has attended over the given period of the inter-
vention [2, 3]. Nagarathna et al. [1] have reported reasons for
the number of drop-outs; however, depiction of the yoga ad-
herence levels of the participants, who completed the study,
could have helped better interpret the results of the study.

Researchers have opined that Bdecreased adherence to
yoga has the potential to decrease the effect of the in-
tervention because subjects who might sustain the
greatest benefit will receive a lower dose of the inter-
vention and subjects with higher adherence rates may be
functioning closer to maximum ability before the
intervention^ [4]. To further research on this important
concept of adherence in the field of yoga, we conducted

a 4-year long-term follow-up to test the adherence to
yoga and its resultant effects on blood glucose.
Eighty-nine people with type 2 diabetes enrolled for
yoga camps in the year 2010 in a community in
Bangalore, but only 26 attended the camps in 2014
(4th year follow-up). The average (SD) age, education,
and duration of diabetes of these participants was 52.21
(9.0) years, 14.15 (3.21) years, and 8.24 (6.84) years,
respectively. The Integrated Approach to Yoga Therapy
(IAYT) for Diabetes developed by Swami Vivekananda
Yoga Anusandhana Samasthana (SVYASA) was taught
for the first 8 months of the study after which they
were advised home practice. Fasting blood sugar
(FBS) was assessed at baseline, at the end of 3 months,
8 months and 4 years, and a qualitative interview sched-
ule (to understand reasons for adherence and non-
adherence) and Holmes & Rahe Life event scale to
measure stressful life events [5] was conducted at the
end of 4 years.

The results of the study showed that even though daily yoga
classes were held for the first 8 months, only 39 participants
out of 89 (43.8 %) attended the 8-month classes regularly,
which further reduced to just 6 % in 2014. There was no sta-
tistically significant reduction in FBS levels over the 4-year
period (due to high attrition rates); however, during the time
the yoga intervention was provided (first 8 months), the trend
showed that FBS levels were lower as compared to the base-
line. This could be attributed to the fact that qualitatively, par-
ticipants experienced a feeling of well-being and positive
changes which possibly motivated them to complete the
8-month yoga programme. At the end of 4 years, most partic-
ipants responded that they did not feel motivated to practice on
their own at homes. Further there was a trend in their FBS

G. Kumar
Yoga and Education, S-VYASA, Bengaluru, India

A. Jagannathan (*)
Division of Yoga and Life Sciences, Swami Vivekananda Yoga
Anusandhana Samasthana (S-VYASA), 19, Gavipuram,
Kempegowda Nagar, Bengaluru 560019, India
e-mail: jaganaarti@gmail.com

M. K. Sridhar
Division of Yoga and Spirituality, S-VYASA, Bengaluru, India

Int J Diabetes Dev Ctries (July–September 2016) 36(3):376–377
DOI 10.1007/s13410-015-0351-y



levels being higher as compared to baseline (Table 1). The
predictor analysis with FBS as a dependent variable showed
a significant positive correlation between FBS and stress
(r=0.42, p=0.04).

Yoga practice thus qualitatively improves diabetes health
status and makes participants feel happy, enthusiastic and
active. However, stress and adherence to yoga are important
factors in affecting blood glucose parameters in participants
with diabetes. Future studies which test the efficacy of yoga
interventions for diabetes need to pay attention to these two
important parameters in analysing and interpreting the results
between intervention effects and blood glucose parameters.
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Table 1 Paired sample t test/Wilcoxon sign rank test for fasting blood
sugar over 4-year period

Time selection Number FBS (pre) FBS (post) t/za p

Baseline
3rd month

40 134.55
(34.35)

129.52
(50.36)

0.819 0.418

Baseline
8th month

30 142.60
(32.43)

139.06
(50.48)

0.391 0.698

Baseline
4th year

19 130.16
(32.44)

139.74
(44.71)

−1.26a 0.21

aWilcoxon sign rank test
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Case study

A 60-year-old woman with a history of diabetes mellitus since
last 8 years and hypertension since last 6 years visited our
clinic in June 2011 with recurrent severe vomiting associated
with pain in the epigastrium. One year back, she experienced
acute onset of severe vomiting associated with mild epigastric
pain for first time. She was treated with intravenous proton
pump inhibitor and other antiemetic agents like ondansetron,
metoclopramide, and promethazine. The symptoms lasted for
about 4 to 5 days after which she was completely alright. The
same episode started again next month with severe vomiting,
nausea, and epigastric pain which lasted for 4 to 5 days. Man-
agement with intravenous fluid, proton pump inhibitor, and
antiemetics was continued until the vomiting stopped, but it
did not show any significant improvement as vomiting con-
tinued for the same duration with severity of about 15 to 20
episodes per day.
Since then, she experienced recurrent episodes of high-
intensity nausea, vomiting, and epigastric pain lasting for
about 4 to 6 days every month. She had no other significant
past medical, gastrointestinal, endocrine, gynecological, renal,
or urological disorders. No significant surgical history was
present.

She was investigated at different centers for this devastat-
ing problem. Laboratory evaluation report is presented in
Table 1.

CT abdomen and pelvis showed multiple indentations/
scars altering the outer contours of kidneys, generalized
osteopenia, and a small umbilical omental hernia. On urine
culture, sensitivity towards amikacin was reported and she

was treated with amikacin following which routine microsco-
py revealed three to four pus cells/HPF and no other
abnormality.

She was on two doses of premixed (30/70) insulin with a
fasting plasma glucose of 196 mg/dl and post-prandial plasma
glucose of 298 mg/dl. With sliding scale, her insulin dosages
were titrated and fasting plasma glucose and post-prandial
plasma glucose were maintained at 98 and 178 mg/dl, respec-
tively. Blood pressure was optimized with angiotensin recep-
tor blocker (ARB) plus calcium channel blocker and main-
tained at 126/80 mmHg.

Even after maintaining plasma glucose, blood pressure in
optimal levels, and treating urinary tract infection intensively,

Table 1 Laboratory investigation reports

Laboratory investigations Parameters

Hemoglobin 12.1 g/dl

Total leukocyte count 12,400 cells/cumm

ESR 40 mm/1st h

Platelet count 3.21 lakh/cumm

Random plasma glucose 210 mg/dl

Serum creatinine 0.96 mg/dl

Serum sodium 135 mmol/l

Serum calcium 8.8 mg/dl

Serum potassium 3.5 mmol/l

Serum bicarbonate 28 mmol/l

TSH 0.84 μIU/ml

Total bilirubin 0.6 mg/dl

Direct bilirubin 0.2 mg/dl

SGPT 12 U/L

Alkaline phosphatase 138 IU/L

HIV, HbsAg, and anti-HCVantibodies Negative

Prothrombin time 14 s

APT 28 s
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she continued to suffer from the same incapacitating stereo-
typic episodes of nausea and vomiting every month. Every
time she was managed with nil per oral feed, intravenous
hydration, proton pump inhibitors, and antiemetics in the hos-
pital followed by oral medications associated with a liquid or
semi-liquid diet pattern gradually shifted to a normal dietary
habit in 2 to 3 days.

The patient was severely distressed out of fear for the un-
controlled recurrent symptoms, and she was very much de-
pressed, losing the hope of any positive outcome. As no im-
provement in the severity and duration of the episodes were
realized, she was prescribed an antidepressant with her regular
medication in October 2011 after a presumptive diagnosis of
cyclic vomiting syndrome (CVS).

Next month, she had a comparatively mild episode of
vomiting occurring six to eight times lasting for 2 days result-
ed. She was managed with rehydration fluid and antiemetic
agents. This time, it was triggered by fasting which she had
kept for traditional purpose. Treatment was continued, and she
was further followed up, but there was no recurrence of nausea
or vomiting up to next 6 months. Gradually, the antidepressant
was withdrawn and the patient did not have any absurd events
thereafter.

Discussion

CVS is a rare episodic disorder of recurrent high-intensity
nausea and vomiting lasting hours to days, separated by inter-
vals completely free of symptoms (Tables 2 and 3). It was first
described in children but has been increasingly reported in
adults with a female predominance with a ratio being 55:45

[1, 2]. Patients typically present 6 to 12 stereotypic episodes of
nausea and vomiting that vary in duration and frequently go
undiagnosed for years [3].

Conclusion

Cyclic vomiting syndrome is a functional vomiting disorder
which should be carefully monitored to diagnose early as the
devastating episodes of recurrent severe vomiting incapaci-
tates the patient affecting the quality of life to a great extent.
We present a case simply treated successfully with antidepres-
sants, but much more is needed to really understand the grav-
ity of the disease and more of research and analysis is awaited.
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Table 2 Rome III diagnostic criteria for CVS

At least 3 months, with onset at least 6 months previously of

1. Stereotypical episodes of vomiting regarding onset (acute) and duration
(<1 week)

2. Three or more discrete episodes in the prior year

3. Absence of nausea and vomiting in between the episodes

4. There are no metabolic, gastrointestinal or central nervous system,
structural, or biochemical disorders

5. Supportive criteria: personal or family history of migraine headaches

Table 3 Precipitating factors for CVS

1. Stress

a. Physical: infections, sleep deprivation, exercise, trauma

b. Emotional: holidays, birthdays, family vacations, festivals, school
camps, examinations, familial conflicts, anxiety, etc.

2. Menstruation

3. Pregnancy

4. Food allergies (e.g., chocolates, cheese, and monosodium glutamate)

Sources: Fleisher et al. [1] and Li and Balint [4]
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Festive season in India is associated with a marked change in
diet of people. It is accompanied by consumption of sweets
and fat-rich fried foods. There is a concern that this dietary
change can cause significant deterioration in the metabolic
profile of patients with T2DM. The effect of this change in
diet on blood glucose and lipid profile of patients of T2DM
has not been studied [1, 2]. We studied the effect of expected
changes in diet on glycemic control and lipid levels of patients
with T2DM around the Hindu festival of Diwali of 2011.

The study was conducted from 12th October to 11th
November 2011 at the out-patient department of MDM
Hospital, Jodhpur. Seventy-two T2DM patients, treated with
oral hypoglycemic drugs, were enrolled for the study. Out of
them, 67 patients completed follow-up. Their mean age was
60.0±8.3 years; male-to-female ratio was 43:24. Mean BMI
was 26.14±2.94 kg/m2.

The study involved two visits, first within 2 weeks before
and second within 2 weeks after Diwali. At each visit, the
following biochemical parameters were estimated: fasting
and 2 h post breakfast plasma glucose, lipid profile including
total cholesterol, TG, LDL, VLDL, and HDL. At the first visit,
height and weight were also measured. The exclusion criteria
were patients on insulin therapy and those suffering from renal
failure, stroke, cancer, and other conditions affecting diet and

weight. The biochemical tests were performed using Bayer
Semi-autoanalyzer RA-50. The paired t test was used for com-
parison of study parameters measured at both the visits and
p<0.05 was considered significant.

The results of the study show that Diwali is followed by a
significant increase in fasting (136.85±20.43 vs. 154.02±
19.16, p=1.82×10−14) and post-prandial glucose (185.22±
30.66 vs. 207.05±31.16, p=8.63×10−14), total cholesterol
(198.47±18.84 vs. 212.98±19.06, p=1.69×10−15), triglycer-
ides (136.37±25.76 vs. 153.44±23.95, p=1.18×10−15), LDL
(130.25±16.42 vs. 142.28±17.50, p=4.56×10−13), and
VLDL (27.27±5.15 vs. 30.68±4.79, p=1.18×10−15) choles-
terol. Whereas, HDL was reduced significantly (40.94±3.75
vs. 40.01±2.78, p=3.57×10−4) after Diwali.

The results of this study show that there is deterioration of
lipid and glycemic parameters after festival of Diwali. These
findings have clinical implications. While managing T2DM,
lifestyle and cultural factors should be considered. The anti-
diabetic drugs can be adjusted in accordancewith the expected
dietary change during festivals. Specialized diet counseling
can be of help for patients.

T2DM type 2 diabetes mellitus, TG triglycerides, LDL low-
density lipoprotein, VLDL very-low-density lipoprotein,HDL
high-density lipoprotein.
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ORGANIZATIONAL NEWS

The website of Association of Diabetes Educators
is launched!
You can visit the website at Bwww.diabeteseducatorsindia.com

The website includes the following features:
1. About the Association- It gives details of the objectives and

working of the association
2. Events: Latest events with the venue and dates
3. Newsletter: Latest information for diabetes educators
4. Journal of Diabetes Education Quarterly journal is uploaded
5. News and Announcements:
6. Placement services: Jobs available and jobs wanted
7. Membership directory- The whole membership directory is listed.

Each and every member has an email id and password to view the
membership directory

RSSDI text book of Diabetes Mellitus 3rd Edition

The RSSDI Text Book of Diabetes Mellitus 3rd Edition is
available now.

RSSDI aims to update the knowledge and skills of physicians and this
textbook is one such endeavor of bringing the latest knowledge on
various aspects of diabetes especially Indian context, to the
physicians, students of MBBS, MD (medicine), post graduate
diploma in DM, DM Endocrinology and primary care practitioners.
Thoroughly revised, this two volume set is a complete guide to
Diabetes Mellitus. With numerous images and illustrations, this set
includes contributions from high profile national and international
authorities in India, USA, UK and Europe.

Announcements for Research Grant

• For providing research grants, RSSDI invites proposals from
Indian scientists, interested in conducting original research in
the field of diabetes mellitus. Furthermore, limited grants are
also available for the students of medical colleges for smaller
projects

• There is no deadline for submission of the proposals, which can
be sent throughout the year. These proposals may fall into one
of the following two categories: Projects involving funding up
to Rs 40,000 per project (preference will be given to young
scientists <40 years)

• Projects involving funding up to 10 lakhs (preferably multicentric)
• The detailed proposals should include the following:
◊ Title, names of principal and co-investigators, summary,
introduction/background, review of literature, aims, method-
ology, study design, and detailed plan of work and
bibliography. Brief biodata of principal investigator and
other co-investigators

◊ Importance of work in the context of national priorities.
Detailed budget sought along with full justification/ pro-
posed utilization, of funding sought from RSSDI

◊ Whether the project is being partly funded from any other source?
If yes, please mention the source and the amount received

◊ Ethical committee clearance of the institution or other
bonafide body.

BOOK REVIEW

REVIEW OF 3RD EDITION OF RSSDI TEXT BOOK OF
DIABETES MELLITUS : Editor-in-Chief – Hemraj B Chandalia,
Executive Editor – Gumpeny Ramachandra Sridhar, Editors –
Ashok Kumar Das, Sri Venkata Madhu, Viswanathan Mohan,
Paturi Vishnupriya Rao

The third edition of RSSDI text book contains contributions from
those who have being practicing / teaching Diabetology for many
years, similarly the editors too. Most of the contributors are from
within the country with many years of experience behind them. A
few non resident Indians have made useful contribution. This
edition as pointed out by editor – in – chief has gone on con-
siderable revision from the first two editions. This only shows the
importance of making an attempt to have our own text books and
keep revising, based on the experience.

You name any thing in diabetes, this book has it. A few topics
which are generally not paid much attention – like complexity of
Insulin resistance, the criteria applicable in our country for
metabolic syndrome, care of elderly diabetic, musculo-skeletal
manifestation in diabetes are well covered. Malnutrition modu-
lated Diabetes Mellitus and late onset of auto immune diabetes
(LADA) as seen in our country is dealt with in detail.

The flow chart on management of diabetic keto-acidosis is useful
and should be available in all ICU (Intensive Care Unit). The
colour pictures of retinopathy and foot lesions are well presented.
The usefulness of alternate therapy available in the country is
extensively discussed. The Appendix is retained and gives a lot of
information applicable to Indian subjects like BMI, waist circum-
ference and laboratory values both in SI units and conventional
units. The Index has reached perfection. Some controversial issues
are mentioned in individual chapters but I wish an exclusive
chapter was dedicated to controversies like classification of LADA
and early use of insulin in these patients, need for revising the
diagnostic plasma glucose values both in non-pregnant and
pregnant diabetic, use of insulin in Type 2 diabetes at the time
of detection to overcome the gluco and lipo-toxicity, safety of use
of long acting insulin analogs during pregnancy, use of human
insulin vis-à-vis insulin analogs, safety of DPP4 inhibitors, SGLT2
inhibitors and other new oral hypoglycemic molecules. Use of
quantity and type of fat in the diet, role of low glycemic index diet
in the management of diabetes etc.,

This book is a must for anybody who practices and teaches diabetes
and students. The availability of this excellent text book has made
western text books irrelevant to our country. The Novel feature of this
book is mentioning the chapter number on the right edge of each page
but single volume covering so many topics is bulky and heavy. I wish
it was brought out in two volumes.

Prof. (DR.) C. MUNICHOODAPPA
Bengaluru



Invitation to the RSSDI, 2016 Conference  
 

 
 
 
Welcome to RSSDI-2016, 
 
Dear colleagues,  
On behalf of the Organizing Committee of RSSDI 2016 we have great pleasure in welcoming you to the 
44th Annual Scientific meeting of the Research Society of Study of Diabetes in India to be held in 
Hyderabad during 18 -20 November 2016. The RSSDI as you all know has grown to become the largest 
scientific body of professionals involved in managing diabetes in India and its annual meeting is the 
major event that all the members of RSSDI and doctors managing Diabetes in India look up to. We are 
privileged to host this event in Hyderabad. The Scientific program for RSSDI 2016 being crafted by Prof. 
SV Madhu, Chairman Scientific Committee will be designed to update our knowledge on various aspects 
of diabetes. The program will not only have Plenary lectures, guest lectures and symposia, but also 
workshops designed to provide hands-on training in several important practical areas of diabetes 
management. There would also be ample opportunities for young researchers to present their research 
work in the form of free papers. The venue for the conference will be the Hyderabad International 
Convention Centre which has state of art facilities for a conference of this mangnitude. Hyderabad the 
City of pearls is known for its rich history, food and its multi-lingual culture. It is known for its 
monuments like the Charminar, Golconda Fort, Falaknuma Palace and for artificially created lakes like 
the Hussain Sagar, Osman Sagar and the Himayat Sagar. It is also home to the top research institutions 
like National Institute of Nutrition and Center for Cellular & Molecular Biology and business school like 
Indian School of Business, IIT, IIIT, and BITS. Hyderabad is well connected by air / train with different 
parts of the country. We look forward to welcoming you for the RSSDI 2016. The Organizing Committee 
is working hard to ensure that RSSDI 2016 will be an academically and culturally enriching event for all 
of you. 
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