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Abstract The Sultanate of Oman has experienced amd 823 women) out of 1,600 who had been invited to
epidemiological transition over the last 4 decadeth participate. The participation rate was higher agon
rising tide of non-communicable disease suchtype-2 women than men (91.5% compared to 54.3%). A tdtal o
diabetes. This study aims to estimate the prevalefpre- 459 individuals (35% of participants) were diagribses
diabetes and explore the associated demograpimicatl pre-diabetic by either the IGT or IFG test; 121 (9%@re
and biochemical risk factors among a semi-urban @mapre-diabetic by virtue of both measurements. Mapdgr,
population. A semi-urban satellite town, Bidbidcated advanced age and obesity were each independestigias
about 30 km west of the capital, Muscat, was seteeis ated with higher prevalence of pre-diabetes. Irsmda
the study setting. The targeted participantsew®mani prevalence of pre-diabetes also correlated withinkdees
adults (18 to 60 years old) who had residedBidbid of hypercholesterolemia and dyslipidaemia. Pre-eliedis
municipality for at least 6 months prior to enrodint in the a substantial health problem in Oman that may piteae
study. Using multistage random sampling, 1,&i@bid significant challenge to the national healthcarsteay in
residents were invited to participate in the stdthe study the near future. Customized interventions targetjraups
protocol gathered data on the socio-demographic amdth high risk of pre-diabetes, especially men, dhderly
clinical backgrounds of the participants. Particifg|da and the obese, are urgently needed.

impaired glucose tolerance (IGT) impaired fastihgcgse

(IFG) and cholesterol and triglyceride levelsrevdhen Keywords Diabetes Pre-diabetesOman: Prevalence
measured. The study surveyed 1,313 individuals (488  Survey

S. Al-Adawi
e-mail: samir.al-adawi@fulbrightmail.org



Int J Diab DevCtries

Abbreviations

BMI  Body mass index

CEA Census enumeration area
FPG Fasting plasma glucose
HDL High-density lipoprotein
IFG Impaired fasting glucose
IGT Impaired glucose tolerance
LDL Low-density lipoprotein

Introduction

expressed diabetic patholog¥6f18], with a few excep-
tions [L9]. Studies of pre-diabetic populations are needed t
shed light on risk factors in order to design effex
preventive interventions. It is well known that tbardinal
symptoms of diabetes, such as polyuria, polydi@nd
polyphagia, may not be subjectively noted until saohthe
intransigent and refractory complications of diaset
emerge 20]. Prevention of diabetes prior to onset is likely
to be the most fruitful method of mitigating sometbe
well-known adverse consequences of diabetes.

Oman presents a particularly suitable environment f
research into pre-diabetes. Recent epidemiologitalies
in Oman have indicated that the country is alreselging

Diabetes mellitus has become a global pandemiciand the effects of this emerging public health probla® 21—

generating overwhelming costs and burdens uporemati
as well as health care providers. Its pathologioahplica-
tions are associated with increased mortality aodbidity

23]. Previous preliminary studies have suggested that
abnormal glucose metabolism is common in the @ma
population, with 36% of adults having all the hadlrks of

[1]. Currently, the World Health Organization (WHO) pre-diabetesZ4]. As a high-income country with a well-

estimates that more than 180 million people ldwide
have diabetes; this number is likely to exceed Bfilon

developed health care infrastructure, screening déiagd-
nostic tools are readily available in primary heatare

by the year 20302]. Gaining an understanding of thecenters nationwide2p]. This study aims to determine the

causes of diabetes and its pathological processssential
to the current campaign to quell the rising tided@betes

[3].

prevalence of pre-diabetes among a semi-urban Omani
population and to ascertain the demographic, @inand
biochemical risk factors associated with pre-diabet

The defining diagnostic feature of diabetes is an

abnormal glucose metabolism, categorized as “pabedi

tes” in its early staged]. An individual is considered to be Methods

pre-diabetic if he/she has a blood glucose le\atlithabove
normal but below the diagnostic threshold for dtebe

The study took place in Bidbid, a city with appnmtely

mellitus [B]. There are two diagnostic tests for pre-diabete®5,000 inhabitants located about 30 km west ofctyatal,

the indices of “impaired glucose tolerance (IGTYida
“impaired fasting glucose (IFG).5] According to Bertram

Muscat. The target population was Omani adults 18
60 years old) who had lived in the Bidbid municipafor

& \bs [6], these two indices, though mutually exclusiveat least 6 months prior to enroliment in the gtuthe

each indicates an increased risk of type 2 diabétes
diabetes produces no symptoms but it is a maj&rfaistor
for developing type-2 diabetes mellitus and its usdq
which include heart disease, stroke, and retingpjathll].
It has been estimated that a pre-diabetic perséntes 15
times more likely to develop type-2 diabetes madlit

following exclusion criteria were used: (1) dialstiwho
were taking medication or insulin for the disea¢®)
diabetics on no medication whose fasting plasmaage
was greater than 7.0 mmol/L; (3) preghant women
mothers within a 3 month post-partum peri@ed (4)
subjects with conditions that were likely to intd with

or

compared to a person with normal blood glucosel$everesearch procedures, e.g. inability to commateicwith

[12, 13].

There is growing evidence that lifestyle modificaus
are highly effective in delaying the onset of praketes or
progression from pre-diabetes to type-2 diabetehitose
[6]. A variety of clinical trials have shown that pestive
programs resulting in at least moderate lifestytedifica-
tions can delay the onset of diabetes mellitusbawerage

staff or severe illnesses.

A total of 1,600 participants were estimated to e
adequate sample of the underlying study populafidns
sample size was determined based on the estimatieshal
prevalence of glucose intolerance (16%&4][ a non-
response rate of 10% of participants, an error maog
15% on each side of the 95% confidence intervalaifty

of 11 years and reduce the occurrence of new cafesprevalence estimate and a design effect of 1.5.

diabetes by 20%1H, 15]. There is an urgent need to chart

out the risk factors leading to diabetes in oraefacilitate
the development of additional mechanisms to cojtle thie
diabetes emergency. Previous research in the rrelgas
focused solely on clinical populations showiagfully-

Selection was performed by a two-stage oand
cluster-sampling. In the first stage, a cluster wafined
as one Census Enumeration Area (CEA), which cansist
of 100 households as defined by the Oman Minisfry o
National Economy. Out of the 100 CEAs in Bidbid, 20
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were randomly selected using random numbércal L, and more than 6.2 mmol/L were defined as dekgrab
tions in the Statistical Package for SockBtiences borderline and high respectively.
(SPSS) software. A sampling frame comprising 6,150 HDL-Cholesterol plus 2nd generation (HDL-C) reagent
subjects was obtained by conducting a cermmeng was used to measure subjects’ serum/plasma HDL-
the 20 randomly-selected CEAs prior to theoss- Cholesterol concentration with a homogeneous enigma
sectional study. The name, family name, gender, ageolorimetric method using a Roche Cobas Integpa”
household, and locality of all eligible subjects rave analyser, satisfying the 1995 NCEP goal of 13% I|tota
recorded on field maps. In the secosthge of analytical error. Reference ranges were defineddoy for
sampling, 1,600 subjects were randomly setedtem females, desirable was defined as more than 1.68lfam
the sampling frame using computer generated randoborderline-high as 1.15-1.68 mmol/L, and low as li&sn
numbers. 1.15 mmol/L; for males, desirable was defined asentioan

One week before the screening, a research assistdmd5 mmol/L, borderline-high as 0.9-1.45 mmol/Ld dow
visited the eligible subjects at home to delivgpeaisonal- as more than 0.9 mmol/L.
ized invitation card. Eligible subjects who werd abhome LDL-Cholesterol plus 2nd generation (LDL-C) reagent
were revisited twice before being excluded, andigpants was used to measure LDL-cholesterol concentration i
who failed to attend the initial interview weredphoned serum/plasma with a homogeneous enzymailorimetric
twice before being replaced. Enrolled paracis were method using a Roche Cobas Integra 800" analyzes. T
later instructed regarding how to prepare themseloethe reference ranges were optimal: less than 2.59 nuodar-
study 6. optimal: 2.59-3.34 mmol/L, borderline-high: 33

Enrolled subjects were interviewed by trained regea 4.12 mmol/L, high: 4.14-4.89 mmol/L, and vemgh:
assistants in  accordance with  apre-tested more than 4.92 mmol/L.
structured questionnaire addressing their demographic Triglyceride (TRIGL) reagent was used to measue th
characteristics, medical condition, family history, and participants'serum/plasma triglyceride concentratigith an
dietary and exercise habits. ‘Regular physieativity  enzymatic colorimetric method (GPO/PAP) using ghpt
was defined as at least half an hour of aerobic agton  phosphate oxidase and 4-aminophenazesirg a Roche
at least 3 days each weeR7. ‘Smokers’ were cobas integra 800 analyser. Teterenceange for the fasting
identified  if the participant has regularly andsample was taken as 0.4-1.8 mmol/L. Triglycerigleels
consistently consumed number of cigarettes as a®ll measured in excess of 4.0 mmol/L were regubras
other tobacco products (e.g. shisha) during the ‘triglycerides >4.0 mmol/L rather than specified.
3 months as described elsewheld]

Statistical analysis
Anthropometric and laboratory measurements
The data collected was entered into Microsoft Asces

The subjects’ height and weight were measured usingsoftware and a common dataset was created. Theedata
fixed scale and a stadiometer while subjects wereding was then exported to the SPSS package (\ersion ib.0
and wearing light clothing and no shoes. The inemetsiof order to conduct descriptive analysis and to cateul
height and weight were 0.01 m and 0.1 kg respdgtive frequencies. Multivariate logistic regression gsi was
Body mass index (BMI) was calculated as weightotkil carried out to explore independent risk factors.
grams) divided by height (meters) squared. Overlateigs
defined as a BMI of 25 kg/mor higher but less than 30 kg/
m?; obesity was defined as a BMI of 30 kg/rar more. Reslts

Blood glucose was measured both after fasting hed t
2 h after ingesting 5 g of glucose. A fasting plagglucose Out of 1,600 invited subjects, 1,332 completeddhestion-
(FPG) of less than 5.6 mmol (100 mg) was the baseli naire, giving an overall response rate of 83.3% fdsponse
reference value. Isolated IFG was diagnosed upuatinfy a rate was much higher for women (91.5%) than merB(&
FPG between 5.6 and 7.0 mmol/L (126 mg/dl), anthied A total of 19 subjects were excluded from the asialgue to
IGT was diagnosed given a serum glucose level 23t p missing important outcome data. Thus the presealysis is
load between 7.8 mmol/L (140 mg/dl) and 11.0 mmol/lbased on a total of 1,313 subjects.
(200 mg/dl). Other laboratory measurements werentijua  Table 1 shows the demographic background of all
fied using standard protocol89-31]. participants in the study by gender. The average fag all

Cholesterol Gen. 2 reagent was used to measurenserparticipants was 32 years with no significant défece
cholesterol concentration by an enzymatic, colotiibe between men and women (31.7 versus 32.0, P=0.To&Je
method using a Roche Cobas Integra 800 analysevere significantly more divorced and widowed wontlean
Cholesterol levels of less than 5.2 mmol/L, 5.2-@s2ol/
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Table 1 Sociodemographic

characteristics of participants Total (N=1,313) Men(N=490) Womer(N=823)

by sex N (%) N (%) N (%)
Age
<25 years 485 (36.9) 185 (37.6) 299 (36.5)
25-45 years 610 (46.5) 227 (46.3) 384 (46.6)
>45 years 218 (16.6) 79 (16.1) 139 (16.9)
Marital status
Single 456 (34.7) 195 (39.8) 261 (31.7)
Married 758 (57.5) 290 (59.0) 468 (57.0)
Widowed/divorced 99 (7.5) 6 (1.2) 93 (11.3)
Education
llliterate 388 (29.6) 75 (15.4) 313 (38.0)
Basic education 380 (28.9) 194 (39.4) 186 (22.7)
High school or 545 (41.5) 221 (45.2) 323 (39.3)

above

Smoking history 172 (13.1) 72 (14.6) 100 (12.2)
Regular exercise 821 (62.5) 358 (72.8) 463 (56.4)
Body mass index
<25 644 (49.0) 239 (48.6) 405 (49.3)
25-30 366 (27.8) 157 (32.1) 208 (25.3)
>30 304 (23.1) 95 (19.3) 209 (25.4)

men (11.3% versus 1.29%=0.001). Furthermore, the of pre-diabetes was also generally found amongetoth
percentage of women with no education veamificantly hypercholesterolemia and dyslipidaemia.

higher compared to men (38.0% versus 15.4%40.001). Table 3 shows the results of a multivariate logistic
Approximately 15% of the participants reported havi regression analysis of the association betweerdteetes
smoked or being current smokers. More than 60%hef and selected socio-demographic and bioche micahvims.
participants reported exercising regularly, inahgdisignifi-  Taking eithedGT or IFG as the indicator of pre-diabetes, a
cantly more men than women (72.8% versus 56R% statistically significant association was found twithe
0.001); women were significantly more obdktan men following risk factors: male gendeage>45 years, being
overall. widowed or divorced, higher than average BMI, high

Table2 shows the prevalence of pre-diabetes by selectatholesterol, high TGD, high LDL, and low HDL.
socio-demographic and clinical characteristics. Guthe After adjusting for other confounders, male genders
1,313 participants, 459 (35%) were found to havbeei found to be associated with a 78% increase inigeorf pre-
IFG or IGT, including 396 (30%) with isolated IFG84 diabetes relative to female gend®R=1.78; 95% CI 1.33,
(14%) with isolated IGT, and 121 (9%) with combirlé&  2.89). Advanced age (45 years or older) was adsaowith a
and IGT. Compared to women, men had a higher dverahore than threefold increase in the risk of préseias
prevalence of either IFG or IGT. Men were morelijke@  compared to age younger than 45 yé@R=3.29; 95% CI
have IFG, while women were more likely to have asetl 1.40, 9.45). A BMI of 30 or above was associateith @i3.69
IGT. However, women were more likely to have conalin increase in the risk of pre-diabetes compared tmmabBMI
IFG and IGT. (OR=3.69; 95% CI 2.61, 6.38).

The prevalence of pre-diabetes defined by all eslic  Taking isolated IFG as an indicator, pre-diabetes w
tended to increase with age. A higher prevalenceref found to be significantly associated with the risktors
diabetes was found among married, divorced, andowédi of male gender, advanced age, and high BMI. Ina@as
people compared to those who had never marriech Wiprevalence was also observed in connection with the
respect to education, the highest prevalence ofiateetes indices of hypercholesterolemia and dyslipidaemia,
was found among those who had only lower level oélthough these associations were not statisticsitiyif-
education. The unemployed tended to have a high&rant. Taking isolated IGT as an indicator, -diabetes
prevalence of pre-diabetes than those who wereertlyr was found to be significantly associated with adweah
employed. Increased prevalence was also observedgam age and advanced BMI. As combined indicators of pre
smokers as compared to non-smokers. A higher preeal diabetes, IFG and IGT were found to be Sigantly
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Table 2 Prevalence of pre-diabetes indicatorsabgcted sociodemographic and clinical charactessti

Study population (N) IFG or IGT IsolatedIFG IsolatedIGT Combined IFG and IGT
(N=459) (N=396) (N=184) (N=121)
N (%) N (%) N (%) N (%)
Gender
Male 490 201 (41.0) 185 (37.8) 53 (10.8) 37 (7.6)
Female 823 258 (31.3) 211 (25.6) 131 (15.9) 84 (10.2)
Age group
<20 126 39 (31.0) 38 (30.2) 10 (7.9) 9 (7.1)
20-29 564 138 (24.5) 114 (20.2) 52 (9.2) 28 (5.0)
30-39 308 117 (38.0) 106 (34.4) 45 (14.6) 34 (11.0)
40-49 164 93 (56.7) 80 (48.8) 45 (27.4) 32 (19.5)
>50 137 72 (52.6) 58 (42.3) 32 (23.4) 18 (13.1)
Marital status
Single 456 114 (25.0) 98 (21.5) 44 (9.6) 28 (6.1)
Married 758 290 (38.3) 250 (33.0) 113 (14.9) 73 (9.6)
Divorced/widowed 99 39 (39.4) 34 (34.3) 15 (15.2) 11 (11.1)
Education level
lliterate 388 129 (33.2) 100 (25.8) 71 (18.3) 42 (10.8)
Basic education 380 231 (60.8) 209 (55.0) 74 (19.5) 52 (13.7)
Finished high school 545 55 (10.1) 47 (8.6) 19 (3.5) 11 (2.0)
Employment
Unemployed 718 301 (41.9) 256 (35.7) 121 (16.9) 76 (10.6)
Employed 595 158 (26.6) 140 (23.5) 63 (10.6) 45 (7.6)
Body mass index categories
<25 644 173 (26.9) 147 (22.8) 64 (9.9) 38 (5.9)
25-30 366 144 (39.3) 125 (34.2) 52 (14.2) 33 (9.0)
>30 304 142 (46.7) 124 (40.8) 68 (22.4) 50 (16.4)
Smoking¢ statu:
Non-smoker 1,198 401 (33.5) 346 (28.9) 164 (13.7) 09 ©.1)
Smoker 115 58 (50.4) 50 (43.5) 20 (17.4) 12 (10.4)
Cholesterol abnormalities
High cholesterol 170 93 (54.7) 83 (48.8) 40 (23.5) 30 (17.6)
High TGD 48 30 (62.5) 27 (56.3) 17 (35.4) 14 (29.2)
Low HDL 138 65 (47.1) 58 (42.0) 25 (18.1) 18 (13.0)
High LDL 115 63 (54.8) 54 (47.0) 27 (23.5) 18 (15.7)
High VLDL 122 72 (59.0) 65 (53.3) 28 (23.0) 21 (17.2)

associated with advanced age, advanced BMI, and lotealth problems, with 366 million individuals anpated
HDL (Table 3). to satisfy its diagnostic criteria by 20384]. One clinical
survey suggested that 4.8 of every 1,000 Omanis are
diabetic B5]. In a community survey, the prevalence of
Discussion type-2 diabetes in Oman was estimated at 12% foplee
in their 20s P1, 36]. As is often the case, prevention is
Diabetes is increasingly becoming a global chakerlg preferable to symptomatic treatment, although tgpe-
many parts of the world, the social, dical and diabetes can also be cured with certain lifestyilanges.
economic ramifications of diabetes account for 86% The present study aimed to estimate the prevalefoe-
the total burden of chronic diseasé&?,[33], and Oman diabetes and associated risk factors in a sampleechdult
is no exceptiond4]. There is a rising awareness thatOmani population. This examinationagsociatedisk factors
unless concerted efforts are made, type-2 disbetill was undertaken to encourage the development oéptige
likely become one of the world’s fastest growingbpet measures along with related health educapioygrams.
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Table 3 Adjusted odds ratios (95% CI) of assoombietween pre-diabetes indicators and selectedglaphic and biochemical variables

Characteristic

IGT or IFG
OR (95% CI)

Isolated IFG
OR (95% ClI)

Isolated IGT only
OR (95% CI)

Combined IFG and IGT
OR (95% CI)

Male gender

Age 25-45years
Age>45 years
Married
Widowed/divorced
Basic education
Finished high school
Body mass index 25-30
Body massndex>30
High cholesterol
High triglycerides
High LDL

Low HDL

1.78 (1.332.89)
1.31 (0.09, 4.75)
3.29 (1.409.45}
0.78 (0.55, 1.39)
1.83 (1.363.35)
0.98 (0.70, 1.73)
0.64 (0.35, 1.41)
1.71 (1.163.10%
3.69 (2.616.38}
1.74 (1.133.34)
1.64 (1.103.15)
1.45 (1.042.55)
1.82 (1.253.21)

1.66 (1.25-2.21)
1.36 (0.93-1.99)
2.23(1.27-3.92
1.05 (0.71-1.55)
1.71 (0.94-3.11)
0.94 (0.63-1.42)
0.72 (0.48-1.08)
1.62 (1.19-2.20%
2.43(1.75-3.373
1.16 (0.82-1.64)
1.59 (0.95-2.66)
1.22 (0.87-1.71)
1.24 (0.96-1.68)

0.69 (0.46-1.03)
2.15(1.23-3.75)
3.64(1.74-7.64)
0.54 (0.31-0.943
0.79 (0.38-1.69)
0.59 (0.35-1.01)
0.66 (0.392-1.12)
1.40 (0.91-2.14)
2.57(1.68-3.92
1.18 (0.74-1.87)
1.26 (0.68-2.33)
1.26 (0.78-2.02)
1.34 (0.90-2.01)

1.30 (0.80-2.11)
2.74(1.38-5.43)
3.55 (1.45-8.70}
0.49 (0.23-0.95)
0.89 (0.37-2.16)
0.67 (0.36-1.24)
0.69 (0.37-1.28)
1.50 (0.89-2.52)
3.03(1.83-5.003
1.57 (0.89-2.77)
1.23 (0.63-2.41)
1.04 (0.58-1.87)
1.66 (1.03-2.673

2 Statistically significant at 0.05

Pre-diabetes occurs before the full-blown onsetliabetes.
Emerging evidence suggests that, once identifiedpie in a
pre-diabetic state could be given health educasgiorthat
progression of the disease itself can be arrestedversed.
Anecdotal and clinical observations have long satggkthat
there are large numbers of pre-diabetic Omanis.Mingstry
of Health has accordingly instituted a nationwidessning
program to detect pre-diabetes, targeting middegggeople
in particular B6, 37].

This study ascertained a high prevalence of prbedés
in Oman, consonant with the trend in neighboringntdes
such as Saudi Arabia, the United Arab Emirates, &tw

to be strongly associated with a pre-diabetic staimilar
risk factors have been identified for other popola in the
region @4, 45. As diabetes is often considered to be a
disease of affluence4f], health education could make a
substantial difference in promoting the lifestyfmdifica-
tions that are the most important tool to prevenita onset
during the pre-diabetic stage among the many pabedics
who have the means to adopt the3s]] Moreover, health
education can be effective in emending the riskofiacto
pre-diabetes.

There are several caveats to generalizing tresept
findings. First, a cross-sectional study designsdoet

Qatar and Bahrain3p—40]. The common denominators necessarily support causal inferences betweenfaistors
among these countries are high income, the emesggehc and the pre-diabetes state. A longitudinal studyuldio

so-called ‘diseases of affluence’, and thiter's increasing
impact on public health. Predictably, the prevaterdf
nutrition-related non-communicable diseases sucllias
betes has been reported to be “very high” througlios

therefore be more relevant. Second, the resporisewas
higher in female; there were approximately 50% more
females than males in the study. A community stlikisy
this one might naturally attract more females cdesng

region K1, 42]. High rates of obesity and metabolicthat in Arab/Islamic societies as in Oman, femaléen

syndromes have likely contributed to an increasesVg
lence of glucose tolerance abnormalities in theéoreg3)].
Since it has been established that a reversiblalipteetic
state which is amenable to treatment precedesutherfset
of diabetes, crucial lifestyle interventions anddifications
should be widely advocated to address this rishegd.
Charting additional socio-demographic correlatesidde
further illuminating in this regard.

To assess potential risk factors, a logistic resjoes
model was employed to elucidate the associatiowdsst
pre-diabetes and certain socio-demographic andiglbgs

remain in the domestic sphere while males tend dokw
outside the home. This cultural factor could op=ras a
selection bias. Third, it is possible that the Bidhrea is
not a representative prototype of the diverse patfmr of
Oman. However, Bidbid is a typical satellite towdjacent
to Muscat, the nation’s capital; during the recand rapid
urbanization of Oman, towns like Bidbid have attea
many residents from other parts of Oman, makingadtre
likely that Bidbid and similar towns increasingksflect the
ethnic and cultural mosaic that is modern Omanietgac
The complexity of ongoing demographic shifts meituas a

ical parametersvariables such as male gender, age greup (nationwide study is imperative to avoid uncertaiasyto

45), and indicators of psychosocial stresses inotud
marital status, BMI and dyslipidaemia indices wérend

the representativeness of local or regional samplgger-
tension is a well-known risk factor for d@&bs. Many
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studies have suggested a temporal relationbeigveen
diabetes and hypertensiod7]. Although participants’
blood pressure could not be measured in the presedy
for logistical reasons, including hypertension agaaable
is highly recommended for future studies. Finallge

10.

11

omission of waist circumference measurements arid da

regarding participants’ occupation in the presemilygsis
could also affect the strength and generalizabititythe
results. Future studies should consider thesensdhetors
to enhance our understanding of their role in ¢buting to
pre-diabetes.

Despite the above-mentioned caveats, to our knaeled
this is the first study in the country that expkrthe
magnitude of the pre-diabetes problem and its tatiom
with risk factors of the pre-diabetes state. Thespnt data
suggest that one-third of the Omani population rhaye

12.

13.

14.

15.

16.

some form of pre-diabetes. Considering that mem, th

elderly and the obese are at the highest risk winkyapre-
diabetes, systematic healthcare interventions tiagyéhese

groups are recommended to reduce the burden of the

disease. Additional studies employing social andabral
paradigms are needed so that interventions witkectir
effects on relevant social and behavioral issuas a
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Abstract To document the existence and clinicaftatter- metabolic and genetic assessments were undertaken t
istics of probands from families with multigenecatal ascertain the profile of the diabetes present i ttiree
inheritance of early onset type 2 diabetes mellims families. The three probands: patients 1, 2 anceB\virom
Jamaica. Three probands from large families withtimu families with history of3 generations of early onset type 2
generational inheritance of early onset type 2 elieb diabetes mellitus. All were diagnosed before age/@ars.
mellitus in at least three generations were detieatethe The probands had varying metabolic profiles atahset of
University Hospital of the West Indies, Jamaicaimgra diabetes ranging from decreased insulinaemigytper-
screening process for patients with MODY. n@lal, insulinaemia (4.7 muU/L, 15.6 mU/L, 38.6 mU/L}he
HbA,;. ranged from 12.1 to 18.4%. Two of the probands
were of normal weight, the other obese (30.7 Ky/mll
probands had insulin resistance. Sequence varients
MODY 1-6 genes were absent in the probands andyfami
members. Islet cell antibodies (ICA) were absentvio
patients and the families of all three patientswigieer the
third patient had a positive titre for the ICA dudies. The
clinical patterns of the diabetes seen in the tl@maican
families are difficult to include in a single typéd diabetes
mellitus. It is proposed to name this diabetes @ssc

R. R. Irving Mosaic Pancreas or type 3 diabetes.
e-mail: rachael.irving@uwimona.edu.jm

Keywords Mosaic- Type 3diabetes Multigenerational
Insulin resistance

Introduction

In the Americas, the number of people with diabetes
mellitus was estimated at 35 million in 2000 and is
expected to increase to 64 million by 2028. [Type 2
diabetes mellitus is one of the major healtid socio-
economic problems worldwide. In Jamaica the prevade

of diabetes among persons 25-74 years old is dstiina

be 12% to 16%7Z-4], of which a third is unrecognize@,|
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4]. Ten to fifteen percent of patients with diabetesllitus insulin resistance, lack of ketosis, poorly nouedhlean
have the classical immune mediated form of diabeyee individuals with wasting of the muscle, age of dneé

1A. Classically this diabetes occurs in childred goung diabetes between 15-25 years. Thirty percdnthese
adults. Other types of diabetes in the young ireladrly patients had a positive family history of diabef#§]. In
onset type 2 diabetes and, maturity-onset diabefteahe a later study, Morrison described a type of diabein
young (MODY) p]. With the increase in obesity in the Jamaicans which was characterized by severe hymergl
world, childhood-onset type 2 diabetes with insulirmia of acute onset during early adulthood. Moderate
resistance is becoming more commd&h [An increasing malnutrition was present. Patients had intermittastilin
proportion of Non-Caucasians have been diagnoséld wiresistance and intermittent dependence on insuie.
atypical diabetes. This diabetes is multi-facetedvhich coined the name, phasic insulin dependent diabetes
there may be insulin dependence and/or insulirsta@ste, (PIDDM) and indicated that it was a malnutrition-
ketosis resistance, onset of diabetes before age@s and related- diabetes with features of tropical panticea
family history p-8]. diabetes T].

Early-onset type 2 diabetes may simulate type hedes Recent research has revealed that a significantoaum
but runs a subsequent clinical course typicaltygfe 2 of Jamaican adolescents and young adults are being
diabetes T, 8]. Early onset type 2 diabetes is characterizediagnosed with type 2 diabetes, a diseasee oseen
by a spectrum of-cell dysfunction. The clinical presen- almost exclusively in middle-aged and eldedgults
tation is influenced by the degree pfcell function and [16]. Based on the historical perspectives, #tgpical
insulin resistance. Oftentimes based on clinicaspntation presentation of diabetég[ 15], and an increased in
it is diagnosed as type 1 but subsequently designat prevalence of diabetes in the young in JaarecfL6]
type 2, because of the lack of insulin dependeget(]. this study examined through specified probaedsly

Rosenblom et al. described early onset type 2 thalses onset type 2 diabetes in multi-generations in tHexge
atypical diabetes mellitus (ADM) with acute onsdt aJamaican families.
puberty, moderately low insulin secretion, autosbma
dominant inheritance and absence of auto-antibddigs

Previously the World Health Organization recognizedaterial andmethods
malnutrition-relateddiabetes (MRDM) as a type of diabetes
that was distinct from type 1 or 2 diabetes medlitu The study was conducted in Jamaica at thévddsity
Malnutrition related diabetes (MRDM) consisted wio  Hospital of the West Indies. Previously, 698 Jamuaic
subtypes: a fibro-calculous pancreatic diabeteP(®Cand pregnant females with a family history of diabetesur-

a protein deficient pancreatic diabetes (PDPD)ullns ring before age 35 years had been evaluated for the
resistance was a feature of MRDM diabetdg].[ In  prevalence of gestational diabetes, the resoft which
Indonesia, Zuiderma classified a group of pasiewho has been previously publisheti7]. Three of these females
had disseminated pancreatic calcification, seveatnutri- belonged to large families with a family history difibetes
tion and muscle wasting and who were ketosis @sist mellitus not requiring insulin therapy amongstritembers
with average age of onset of 31 years as beingeipro even when diagnosed before the age of 25 years with
deficient pancreatic diabetes or Zuidema syndral@g [n  diabetes. In addition, these families demonstrateulti-
addition, Ahren and Corrington had described a groti generational inheritance of the diabetes mellitiibe
patients in Tanzania who had atypical diabetedlitoi®l members of the three families were invited to jggstite
They required exogenous insulin intermittentlyt weey in this study. Each participant was subjected toical,
were ketosis resistanLy]. In a study done in India by laboratory and genetic assessments.

Mohan et al., the authors reported severe insulin The study was approved by the Faculty of Medical
dependent diabetes that required large dosemfin Sciences, University Hospital of the West &wli Mona
for stabilization but not resulting in ketoacidosithese Ethics Committee and informed consent was obtafred
patients also had pancreatic calculi. The mean @ige the subjects after the nature of the study wasaéxgd to
diagnosis was25+1 years. Twenty five percent ofthem.

patients had signs of malnutrition. Otherigras had

low body weight but were not malnourished. Lessntha Measurements

10% had first degree relatives with diabetékeir C-

peptide levels were intermediate, between thatneblin  Height was measured to the nearest centimetennaight
deficiency and insulin resistanc#4]. to the nearest 0.1 kg. The body mass index (BMI¥ wa

In 1955 Hugh- Jones first classified atypical diglse calculated as the weight in kilograms divided by sguare
as J type in Jamaicans. Features of this diabatdsdied of the height in meters.
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Laboratory assessments the fasting serum insulin was 15.6 mU/L and thdirigs
serum C-peptide was 400 pmol/L. Theell function was
Fasting blood samples were taken for glucddbA.c, 69% and insulin resistance was elevated (3.4)ePRatfi,
insulin and, C-peptide concentrations. Subjectshauit 10 years later has never had diabetic ketoaciddsisugh
known diabetes mellitus were subjected to a 75 di- 2 she has for periods as long as 3 months not takgn a
oral glucose tolerance test according to the WH@09) insulin. During the past 10 years she has lost gaided
criteria [L8]. Diabetes mellitus was defined as a fastingveight moving from lean to obese to lean again I@ah
plasma glucose 7.0 mmol/L, and a 2 h plasma glucese The maternal grandmother and maternal great-gratithno
11.1 mmol/L, or a previous diagnosis of dialewith of patient 1 were also diagnosed with diabetesitaslIThe
ongoing treatment with oral agents and/or insulaemo- great-grandmother has been treated with instdir
globin  A¢ was assessed by araffinity 17 years. For about 7 years after diagnosis, taedgnother
chromatographymethod (Sigma Diagnostics). Islet cellignored her diabetes and occasionally took soneeredtive
antibodies  (ICA) were determined by indirecttreatments involving decoction of bushes. Howevaiirg
immunofluorescence using the last 2 years, the grandmother has bemscribed
4 um cryostat sections of rhesus monkey pancreas {&noinsulin therapy. Sequence variants in MODY 1-énep
Diagnostics) as substrate. Theanufactures instructions were absent in the proband and family. Islet cefibadies
were followed when commercially prepared reagergsew (ICA) were absent in the proband and family members
used. Insulin resistance afiecell function were calculated
using the Homeostasis Model Assessment (HOMI®).[ Patient 2
This model was based on the assumption that a horma
weight healthy subjecagedck35 years has an insulin Patent 2 was diagnosed with diabetes mellatisage

resistance of 1 an@kcell function of 100%. 24 years. She has been on insulin since diagnddis.
diagnosis her fasting plasma glucose was 16.2 numdlh
Genetic analysis postprandial plasma glucose 18.1 mmadHhA;. 13.6%,

fasting serum insulin level 38.6 mU/l, fasting war C-
The probands and two affected and two unaffectedlya peptide 367 pmol/L, cell function 150%, insulin
members, were screened for sequence variants in thesistance 4.5 and BMI 30.7 kgfnfTable 1). Her mother
MODY genes by polymerase chain reaction singlenstra was diagnosed with diabetes mellitus at age 32syaad
conformation polymorphism (PCR-SSCP) analy&d.[ has been on insulin since then. Laboratory assa#snof
the mother of patient 2, 20 years after revealddsting
plasma glucose of 9. 5 mmol/L, 2-hour plasma glacofs

Reslts 11.5 mmol/L, HbA. of 10.0%, a fastingserum insulin
concentration of 12.1 mU/L, a fasting serum C-pbdf
Patient 1 1500 pmol/L and BMI of 30 kg/fn The sister of patient 2

was diagnosed with diabetes mellitus at age 28 syear
The mother of patient 1 had been diagnosed withaboratory assessments of the sister, 4 yaftey the
gestational diabetes at age 23 years. Patient 1bkad diagnosis had been made revealed a fasting plakroasg
diagnosed with diabetes mellitus at age 10 yeamsnvghe of 15.6 mmol/L, a 2-hour plasma glucose of 25.5 imo
was of normal weight. At the time of diagnosis,igatt 1  a fasting serum insulin of 5.7 mU/L, a fasting Gefiée of
had fasting plasma glucose of 18.2 mmol/L, posfieln 433 pmol/L and a BMI of 20.7 kg/mSequence variants in
plasma glucose of 25.4 mmol/L. The HfzAwas 18.4%,

Table 1 Details of the ) . . .
three patients with early onset ~ \ariables Patient 1 Patient 2 Patient 3

diabe- tes irthe study

Age at diagnosis (yrs) 10 24 24
Gender F F F
Fasting plasma glucose concentration (mmol/L) 18.2 16.2 6.9
Plasma insulin (mU/L) 15.6 38.6 4.7
C-peptide concentration (pmol/L) 400 367 633
HBA1. (%) 184 13.6 121
B-cell function (%) 69 150 45
Insulin resistance 3.4 4.5 29

Islet cell antibodies (ICA) Negative Negative Posit
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MODY 1-6 genes were absent in the proband and yamilin which there is insulin resistance and the p#tieare
Islet cell antibodies (ICA) were absent in the fgmi ketosis resistant and have intermittent periodsxafmo-

studied. glycemia have also been reported in African-Amarica
patients P1]. The World Health Organization and the
Patient 3 American Diabetes Association have classified thgpes

of diabetes mellitus as ‘idiopathic type 1 diabetastype
Patient 3 was diagnosed with gestational diabetemga 1B [22, 23]. We have described in this study probands from
24 years. Insulin therapy was prescribed duringgpaecy. families with multigenerational diabetes who weriegd
She did not comply and did not purchase the insélfter nosed with diabetes mellitus between the ages 19eadks
pregnancy she was diagnosed with overt diabetesoeald and who we have demonstrated have metabolic fegture
hypoglycaemic agents were prescribed, she has beee albeit atypical of type 2 diabetes.
intermittently compliant. Patient 3 has always béesn. Insulin resistance is a common feature of the de&be
She has had BMIs ranging from 18.5 to 2Bgm?. presented in these subjects. Although insulin t@see has
Routine blood glucose assessment 23 years after theen implicated as one of the main determinantype 2
diagnosis of GDM, at age 47 years revealed fagilagma diabetes 24], in early onset type 2 diabetes in Mexicans
glucose concentration of 6.9 mmol/L, HRA of studies have reported that not all subjects withety?
12.1%, fasting serum insulin of 4.7 mU/L, fasting C-diabetes are insulin resista@b]. The presence of markers
peptide of of autoimmune destruction of th@ cells 26, 27] was
633 pmol/L,B-cell function of 45% and insulin resistanceobserved in only one of the probands and puzzlinglyin
of 2.9 with a positive titer for ICA antibodies @la 1). The her family members. Although ICA was originally dgs
mother of patient 3 was diagnosed with diabetesget nated as a marker for type 1 diabet2g P8], adult with
42 years. All four of her sisters have diabetes amde auto-antibodies to the islet cells have been presho
diagnosed before age 25 years, one at age 17 yéars. described 29, 30]. The diabetes course is similar to that of
mothe’s only brother was diagnosed at age 71 years. Higpe 2 but they are leaner and may require inghiénapy
BMI at the time of diagnosis was 20.9 kdg/rThe fasting rather early. The is the so-called Latent Autoimeun
plasma glucose was 5.2 mmol/L, the 30 min, 60 nmd a Diabetes of Adult (LADA). The proband had normal C-
120 min postprandial plasma glucose concentratesi®  peptide level but was ICA positive confounding the
13.9 mmol/L, 15.9 mmol/L and 9.5 mmol/L respectivel heterogeneity of the condition. The presence of thi
Fasting serum insulin level was 16 mU/L and fast®yg antibody, however may suggest the presence of an
peptide 933 pmol/L at diagnosis. Two yearslimathe autoimmune polyglandular syndrome. Such patientslish
values had been a fasting glucose of 3.8 mmollhgpost be screened for other organ specific autoimmunerdis
challenge glucose of 5.8 mmol/L, a 2 h post chaigeof [31].
6.1 mmol/L, fasting serum insulin of 14 mU/L andtiag The absence of the genes linked to MODY1-6 ind&ate
C-peptide of 1050 pmol/L. His BMI was 18.1 kdinHe that MODY1-6 is not the cause of the diabdteshis
has never sought treatment for his diabetes. He feeis population. However, yet unidentified genes mighe b
well. He remains asymptomatic but he walks 4 milagy. ~ contributing to diabetes in the population. Multigeation-
Patient's 3 has a son and a daughter who were aagn al diabetes in these Jamaicans might imply thel\@roent
with diabetes at age 26 and 29 years reispbctHer of transmission of some genetic defects. The geneti
daughter was the index pregnancy at diagnosis oMGD pattern, the presence of insulin resistance, thmairad3-
Her daughter now 34 years has never taken insuloral  cell function, the absence of ICA except in oneeca®gars
hypoglycaemic agents. Patient 3 also has a brathéitwo after diagnosis of diabetes, the age of onset,ldhk of
sisters who were diagnosed with diabetes mellisis: insulin dependence for a few years present hetemige
guence variants in MODY 1-6 genes were absent én tihe heterogeneity seen here does not fit the pattietype
proband and family members. Patient 3 had a pesiiigr 2 and clearly rules out type 1. Glycemic controbweholly
for ICA however all other members of the familytesb deficient in these families yet many membstsvived
were negative. without episodes of ketosis. Jamaica had previously

described an atypical type of diabetés5].

In conclusion, Jamaican patients with multigeneral

Discussion history of diabetes, features of type 2 diabete$ bu

diagnosed between age 10-24 years is a clinicaligrog-
Diabetes mellitus with clinical characteristics tthare enous group that does not fit in the classicalpebf type
difficult to classify in any one single type hasehe 1 or 2 diabetes mellitus, Latent type 1 or 2 diabdk9,
described previously in ethnic groups such as Mativ32]. The MODY 1-6 genes linked to Maturity €2
America, Hispanics and Chines® P1]. These syndromes



Int J Diab Dev Ctries

Diabetes of the Young (MODY) have been ruled out as
contributing to the diabetes, therefore we havesifeed
them as type 3 diabetes mellitus, a diabetes thalearly
neither type 1 or 2.
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Disguised fasting for fasting blood glucose deter mination:

how about its actual incidence?
Viroj Wiwanitkit

Int J Diab Dev Ctries. 2011 ; 31 : 180

Sir, fasting blood glucose determination is a wydesed
endocrine and metabolic testing in medical pracfidgs
test is a routine investigation in follow-up evdioa of
diabetes mellitus in many countries. The caitipoint
for performing this test is a good patiemegaration,

tory has good quality system, it cannot correctghepre
analytical problem such as poor patient preparafin
Since the checking for fasting state is usuallybeérthe
disguising can be expected. Due to this reasonatheal
rate of disguising might be higher than 4%. Sontéepés

fasting []. The problems arising out of improper fastingmight also disguise to both laboratory and physiciehe

practices can be expected. Here, the author wakedtd
draw attention to the problem of disguisedbting in
actual clinical practice. The author verbally incpd into
the fasting practice followed by 300 diabetic patsewho
visited to the diabetic clinic for follow-up. Allases got
the fasting blood determination at a certified ical
pathology laboratory. Of interest, the author fotinaltt 12
patients (4%) reported that they did not performrect
fasting (three with no fasting and nine with inemt
fasting). Hence, a considerable rate of disguisaig
fasting sample can be seen. This can afteeatment
strategy if the general practitioners do not makete of
this fact. The improper decision may be taken tjustd
the antidiabetic regimen corresponding to the disgl
high fasting blood glucose. In fact, although thédra-

V. Wiwanitkit
e-mail: wviroj@yahoo.com

practice of using hemoglobin A1C for follow-up of
diabetics, resolves such an issue completgly [
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Simplified management of diabetic ketoacidosis with a novel formula

Majid Aminzadeh
Int J Diab Dev Ctries. 2011 ; 31 : 181

Dear Sir,

osmolarities by more than 310 mosmol/L would beesaf

Diabetic ketoacidosis (DKA) is the endpoint of theif fluid replacement is carried out with solutiomgh higher

metabolic disturbance resulting from insulin dedity or
resistance, and is the most common complicatioyueé 1
diabetes mellitus (DM1). DKA is a potentially life-
threatening condition that can cause irreversitdenalye
and even death if managed perfunctorily [

Because of the severity of DKA, it is logical toofong
duration of treatment, although rapid restoratidnfloid

osmolarities (normal instead of half saline). Iindmsof NS
is stopped in all protocols as they do not perngt f§ be
infused for more than 10 h when blood glucose drtops
less than 300 mg/dL.

It is typical for calculations of fluid deficit tbe based on
10% dehydration, which is frequently an overesterthat
does not appear to have clinical relevansie Based on

and/or lowering of blood osmolarity and acidity canclinical reports, the degree of dehydration in afDjatient

predispose patients to brain edema, a dangeroudticon
with a high risk of morbidity and mortality].

There is currently a lack of consensus with redgarthe
duration of fluid therapy J], but longer protocols are
currently favored.

The most important facet of DKA treatment the
careful management of fluid and electrolytes. Thés
dependent upon a correct estimation of dehydraficoper
calculation of fluid requirements and the approfia
replacement of serum electrolytes.

In children, serum sodium concentration is notateg
for determining extracellular fluid deficit becausf the
osmotic effect of hyperglycemia-induced dilutiorfaipo-
natremia and the low-sodium content of the elevéited
fraction in the serum in DKA4]. Lowering high

M. Aminzadeh
Aminzadeh _m@ajums.ac.ir

can be estimated to be 5-10%; this estimation is Baf
doubtful situation because it corrects 5% dehydmatio
quickly and without complication (side effectd rapid
correction are related to severe disturbances) alodvs
more severe cases to not go undetected. The current
consensus on management of DKA in children and
adolescents was developed by the European Soaety f
Pediatric Endocrinology and the Lawson Wilkins Rdxii
Endocrine Societyd].

Pediatric patients are more vulnerable to inappatgr
management of DKA; as such, the objective of thigls
was to create a formula to help health care prawéts to
more easily calculate the fluid volume and ratefloid
administration in the treatment of DKA, and to messily
administer fluid replacement solutions.

According to the standard protocol accepted by most
pediatric endocrinologists, for severe casesD#&fA in
which 10% dehydration is estimated, 36 h (or mak)
treatment is the goal; severe cases are more fneqoe
developing countries].

Half of the fluid deficit is replaced in the fir&R h, and
the remainder is replaced in the next 22h [

In our new Formula Method (FM): In the resuscitatio
phase, 20 cc/kg NS is infused during 1st hour (same
Standard Method [SM]).
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In the 2nd phase, by using the FM, both the volamz
rate of IV fluid administration can be calculatext £very
hour until complete improvement, as follows:

JWtp?
10
dWt%Weight in kgp

mL=h% 010 Wtb

The FM result yields the NS volume requirement for

next 10 h (compared with volumes of 1/2Maintenantl
Deficits for 12 h, as described by the SM). Forregge,
using the FM, a 20 kg patient would receive théofeing
volume of NS:

0 2m Tgoz Y4 160cc=hfor 10h; complet&olumel600cc

In the 3rd phase, 70% of the calculated volume ftioen
2nd phase is administered hourly for 24 h (comparital
1xMaintenance +1/2 Deficits for 24 h, as describethe
SM). So, for a 20 kg child:

160 70%ffi 110cc=hfor 24h;complete volum&650cc:

Total administered fluids would be 4650 cc (equoahiat
in SM).

This formula makes it easy for both physisiaand
nurses to control the regimen. For example:

1. Serum NS (+KCI) 160 cc/h, 1 pm to 11 pm.

2. Serum NS (+KCI) 110 cc/h, 11 pm onwards forh24

3. Change saline to Dextrose 5%(+NaCl & KCI) 16fh¢
or 110 cc/h if blood glucose (BG) reaches 300 mgfdL
the 1st 12 h, or the last 24 h, respectively.

A check of BG every two hours enables nurses toviol
each stage of our protocol using just two types
previously made i.v. fluids (NS or dextrosmiaining
NS) and the predetermined infusion rate (160 or 440
h). As with all protocols, regular visits should tade by
the physician to assess effectiveness of treatnaeiit
possible complications, and to reassess hydratothat
treatment might be continued or discontinued, basethe
physician’s judgment.

In our centre, we use NS when BG is higher thanrBg0

dL, then change to a dextrose-containing soilutwith
dextrose concentration dependent upon BG (5%BfeE

200-300 mg/dL; 7.5% foBS= 100—200mg/dL and 10% if
BS drops to less than 100 mg/dL unexpectedlyplume of
40 mEg/L KCI is added to all administered fluidsthaas
much as 60 mEg/L NaCl added to the dextrose solsitide
also infuse insulin at a dose as high as 0.1ufkg#n BG is
higherthan200 mg/dL; the insulin doseis reducedo 0.05u/

kg/h if the BG decreases to less than 200 mg/dl.

In less severe cases of DKA, treatment can be stbpp
earlier, according to the physician’s judgment.the rare
situations where more severe acidosis and dehygdratie
observed, the treatment can continue up to 48 Wetaer,
in the case of persistent acidosis the presendefedtion
must be considered.

Table1 compares total volumes and rates of infusion for
specific patient weights, as calculated using eithe FM
or SM.

Some protocols treated patients for DKA for 24 hewh
dehydration was estimated at 8.5% [n these studies, the
time is modified according to clinical judgment and
response to therapy. Protocols in which treatment i
prolonged are now prevalent; as such, the auth®ntede
the formula described here compatible with theséogols.

Utilization of the SM may lead to dangerous mistake
especially in the calculation of total requiremenmtstalla-
tion and regulation of infusion in the determinedeg, and

preservation of infusion rate when nurses are endld¢o
change solutions to dextrose-containing fluids.

Because this formula clearly determines hourly xradu
administration over a total of 36 h of treatmengmits the
need to recalculate at the time of infusion flulthoge. A
positive aspect of this method is that it provides
stoppage or continuation of the protocol according
clinical response or reassessment of the degremtidnt
dehydration. This method could eliminate the afoea-
tioned problems with the SM while helping paramediz
manage the treatment of DKAs of different severity.
Compared to rapid protocols, our method could thgor
cally decrease the risk of brain edema. This nesntiba
method has been utilized at this institution forrenthan
150 cases oDKA without any problem.

While research centres and referral hospitals tiaaie
available endocrinologists, registrars, and nursagth

ofxpertise in DKA management are not expected ter alt
their protocols to utilize the FM, non-refdrizspitals,
emergency centres (before referral), and pivegntres
managed by pediatricians and less experienced surag
benefit from this easy and reliable method.

Table 1 Comparison of volume calculation and ifugate in DKA
patients with different weights, using FM and SM

Weight methoc  1sthour 1C-12h* 24 h  Total \Wol. (mL)
10kg SM 200 1000 1500 2700
FM 200 900 1500 2600
20 kg SM 400 1750 2500 4650
FM 400 1600 2650 4650
30 kg SM 600 2350 3200 6150
FM 600 2100 3550 6250

210 h for FM and 12 h for SM
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Multi imaging approach with low field MRA
based study

Amit Nandan Dhar DwivedK. K. Tripathi,R. C. Shukla
Int J Diab Dev Ctries. 2011 ; 31 : 138-143

Abstract The aim of study was to assess the usefslof
non-invasive imaging in patient of diabetic footed with
low field MRA and determine the severity and exteft
lower extremity arterial disease in diabetic patewith
poor socio economic status. The present studyssdan
38 patients who were referred to Department of &ady
with complaint of non-healing ulcer of lower limib more
than 6 weeks duration. The patients were subjectgdain
radiographs, Duplex scanning with color flow imagend
MR angiography (non contrast enhanced). The maeslit
were used to detect vascular calcifications, osyetditis,
bone resorption, deformities, thickening of aeg pla-
ques, spectral waveforms, collaterals. MRA was used
assess subjective calibre of vessels and preséistenosis.
The patients were categorised according to ageaamote
of ulcer duration made. Grade of ulcer was deitgeth
(wagner’s criteria) and note was made ofesgy of
stenosis (cossman). Radiographs assessed bonyatiestr
and vascular calcification. Doppler assessed degfee
stenosis and vascularity. MRI gave a road map etwiar
integrity. Integration of the tests providedsatisfactory
diagnostic protocol to decide future prognosis asdess-
ment of advancement of disease process. The wasa
subjected to calculation of mean, standard deviatind
Pearson’s chi square testvalue<0.05 was considered to

in diabetic foot ulcer: hospital

be stastically significant. Majority of patients mwemales
(80%) and highest incidence was noted in fourthnfift
decade (43.33%). 47.37% presented with grade dérul
Duplex scanning with color flow imaging was more
accurate and sensitive in picking up calcified réete focal
plagues, stenosed arteries and abnormal arteriadfo@ns.
These patients had co-existent lower extremity riatte
disease with moderate to severe stenosis (i.e.oompar-
ision with peak systolic velocity (PSVp<0.05. Ulcer
grade had stastically significant correlation wsgwverity of
stenosis{(p<0.05). However MRA did not corroborate the
same findings. It proved to be only 60% sensitiiee
compared to Duplex scanning (100%). Plain radiogsap
and color Doppler evaluation plays an indispensadikes in
imaging and evaluating patients with chronic noamg
ulcer of diabetic foot. MRA gives crucial informaiti
regarding parameters like vascularity, degree ehcstis,
and extent of disease. Not all patients in ourugpetfford
CTA or CEMRA followed by DSA or cost of stenting.
When the diagnostic workup in our cases suggesbed p
prognosis or non salvageable vascular compmertie
patient was counseled against further investigaand
advised surgery. By using this approach many firsiyc
constrained patients are benefitted from unnecgsasiad
costly diagnostic workup.

Keywords Diabetic footColor Doppler MR

AN D. Dwivedi
amitnandan21@yahoo.com

angiographyLower limb ulcer- Chronic wound

Introduction

Diabetic foot ulcers have been a major source abiddy
and pose significantburden orhealthcare gspeciallyamong
the elderly populatioril]. Majority of ulcers have a vascular
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etiology and require a comprehensive assessmerdssels
for adequate manageme].[Invasive imaging modalities
like contrast angiography(CA) remains gold standggid
However colour flow imaging have shown promise hie t
group of non-invasive imaging modalitie§ p].

Usual diagnostic protocol starts with radiograpbf f
lowed by complete Doppler assessment for loviumb
vasculature and ruling out proximal aorto-iliacedise and
good quality CTA/MRA as a pre-intervention woup

before subjecting the patient to DSA and angioplast

stenting or surgical procedure.

Ulceration due to vascular causes is often mutiigal .
Hypertension and atherosclerosis of peripheralelsdsad
to arterial disease associated with ischemic ul¢ers].
The pathological changes in diabetic foot ulceesadten a
combination of vasculopathy, neuropathy and infecig].

The aim of this study was to assess the usefubfassn
invasive imaging modalities in patients of diabébiot ulcer,
to determine the severity aagtentof lower extremity arterial
disease in diabetic foot ulcer and to assess theufable
factors which can give a prognostic informatiorgive clue
for salvageable limk9].

For this purpose the grading of ulcer was dghiegne’s)

Fig. 1 Duplex scanning showing narrowiagd calcified plaques

Colour Doppler was done in all patients startigéptifrom
femoral vessels to plantarteried13, 14]. We used GE Logiq
400, 5-10 MHz linear array transducer dependinghupe
patient.

A note was made of calcifications, plaques thickgrof
arteries, collaterals relative vascularity at uleeea, grade

[10] and further assessment was made regarding defreeof stenosis, if present and spectral waveformsaaleith

stenosis (peak systolic velocity: PSV: cossmad). [

A vascular map of lower limb arteries was obtaingidg
MRA. Further information like soft tissue abnailities
was assessed.

It was analysed whether MRA could be tailored
economically constrained group who could not afftind
burden of expensive modalities like MRA witliffetent
sequences and use of contrast. Large number ehtativho
came to us were from very poor socio-economic Gecti

Subjects andmethods

The patients were subjected to plain radiographsglé&x

scanning with color flow imaging and MR angiograph

(non contrast enhanced). The modalities were use@tect
vascular calcifications, osteomyelitis, bomesorption,
deformities, thickening of arteries, plaques, savave-
forms, collaterals . MRA was used to assedsjestive
calibre of vessels and presence of stenosis.

As soon as the patients presented they were saljéxt
these modalities simultaneously, the same day.

Thepatientswerecategorised accordirtg age and a note of

ulcer duration made. Grade of ulcer wagerminedand a note
was made of severity of stenosis using peak sgstelocity.
Plain radiographs (AR, Oblique and lateral viewsyev
obtained with GE(Elpro)300 MA-LL at setting of 4®-Kv
and 8-10 mAs. A note @ascular calcificationpsteomyelitis,
deformities and soft tissue abnormality was mdd [

measurement dPSVof feeding arteries.

MR angiography was performed with 0.2 T GE-SIGNA
profile =1 7.7 version permanent magnet system with
dedicated body coils. Lower limb vessels were \isad

irusing FSPGR sequences. No contrast enhancemant w
used.

A note was made of morphology of vessels, stenotic
segments and soft tissue and bony abnormalitiesif)].

All patients were known diabetics (poorly contrdliend
defaulters) and had a ulcer of more than 6 weekatidn.
Other causes of lower limb ulcers were not includeg
venous,sgamous cell carcinoma, or leprosy).

Fig. 2 Duplex scanning showing abnormal collateral
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Fig. 3 Color flow imaging
showing neovascularisatiah
ulcer area

The ulcer was graded usingagners criteria. Grade of
ulcer and degree of stenosis was stastically compaZo
existent lower extremity arterial disease was caegbavith
severity of stenosis. The findings of Doppler iridPSV)
and MRA was compared.

Reslts

Majority of patients were males (80%) andghest
incidence was noted in fourth-fifth decade
(43.33%).

Fig. 4 Normal MR angiography of lower limb vessels

47.37% presented with grade IIl ulcer. Frank vaascul
calcification were noted in 57.89% as picked byirmpla
radiographs. Duplex scanning with color flow imagivas
more accurate and sensitive in picking up calcifie@ries,
focal plaques, stenosed arteries and abnormaliarter
waveforms. These patients had co-existent loweeaxty
arterial disease with moderate to severe stenasis (
comparison with PS\<0.05).

Ulcer grade had statistically significant corredatiwith
severity of stenosis(p<0.05). However MRA did not
corroborate the same findings. It proved to be @06
sensitive when compared to Duplex scanning (100%).

FSPGR /60
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Fig. 5 MR angiography in Grade Il ulcer showirgysre stenosis of
vessels
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Fig. 6 MR angiography in Grade Il ulcer showirgysre stenosis of
vessels

Discussion

In this study known diabetic patients with diabétiot ulcer
(n=38) were selected. Out of these 52.63% had pegitain
radiographs (which included osteomyelitis, neurbjsatoot
and vascular calcification). Yuh and Baraniewskakt[17]
have reported a sensitivity and specificity of 76%¢h. The
study also showed that 57.89% of diabetic foot rutcad
gross arterial calcification. This suggests dovextremity
arterial disease in these patients. In the UsityeiGroup
Diabetes Program (UGDP) 16.1% reported as havitegiar
calcification [L8]. In a study by Young, Adams at. [19]
medial arterial calcification was reported to ligniicantly
higher in neuropathic diabetic patients with higtof foot
ulceration.

Duplex scanning was positive in all patients, givintal
information like degree of stenosis, abnormal waues,
luminal narrowing and plaques (Fit), collaterals (Fig2),
neovascularisation (Fig3), varicosities, and abnormal
venous channels.

Duplex scanning with color flow imaging was 100%
sensitive in demonstrating thesenormalitieslt also showed
that with increasing severity of disease the fregyeand
number of collaterals increased with Duplex scagnin

In our study of 38 patients of diabetic foot ulcér,.3%
presented with Grade Il ulcer, 15.79% presenteth wi

GradelV and 36.84% with Grade Il ulcer. It was also found

that the ulcer Grade of 19 patients with corresgongeak
systolic velocityp<0.05. This means that the grade of ulce
has a statistically significant relation with P@W patients
of grade IV ulcer had peak systolic velocity >4ntfsgt is
stenosis of more than 75%.

In our studyMR angiography (Figd) provedto beonly 60%
sensitive when compared to Doppler studies. A coiswa
done to evaluate sensitivity of MRA in patientsl@betic foot

ulcer with severity of ulcer(grade) and correspogditenosis,
assessed by Doppler. Out of 38 patients 18 hac dghadicer
and only 4 of which showed abnormal MRA (Fi§sand 6)
(66.67%) Fourteen patients presented with gradé&dr and 2
of which showed (50%) abnormal MRA. All 6 patiems
grade IV ulcer had abnormal MRA (100%). On comgarin
MRA of 38 patients with ulcer grade, no statistaighificance
was noted within the two variables (p>0.05). On parimg
MRA with peak systolic velocity, that is nstatistical
significance noted (p>0.05).

Carpenter et al.20] found that MRI was 94% accurate
in evaluating lower extremity vessels when compated
conventional angiography. Owen and co-worke?d] [
found MRA to be more sensitive than conventional
arteriography for visualising both run off vesselad
arterial stenosis.

In our study, 38 patients were subjected to MR émam
tion, with 0.2 Tesla magnetic field withouhya contrast
enhancement.

The modality was able to pick up gross cases bablen
to match color flow duplex scanning in other partare
like collaterals, early arterial stenosis, flow almalities
and neoangiogenesis. In a multicenter trg] [evaluating
MRA and contrast angiography it was found that beté
approximately equivalent in diagnostic accuracyahother
study by Ryan et al2B] MRA had a sensitivity of 72% and
specificity of 90% in differentiating high grad(>50%)
versus low grade stenosis (<50%). In conclusion,AMIR
without contrast can serve as an effective scragnin
procedure in diabetic foot ulcers.

Refeences

1. Baker SR, Stacey MC. Epidemiology of chroteég ulcer in
Australia. Aust N Z J Surg. 1994,64:258-61.

Margolis DJ, Bilker W, Santanna J, Baumgartner\idnous leg
ulcer: incidence and prevalence in the d&ded Am
Acad Dermatol. 2002;46:381-6.
3. Sethi SK, Solanki RS, Gupta H. Coland duplex doppler
imaging evaluation of extracranial carotid tegy in
patients presenting with transient ischaemic kttand stroke:
a clinical and radiological correlation. Indiajpurnal of
radiology
2005;15:91-8.

Hislop C. Leg ulcer assessment by Dopplérasound. Nurs
Stand. 1997;11:49-56.

Stubbings N. Using non invasive methotts perform
vascular assessment. J Tissue Viability 1996;1&a@9—

Finnie A. The SIGN guideline on the care of cticdeg ulcers: an
aid to improving practice. J Wound Care. 2000;9:355
Donnelly R, Hinwood D, Nick SM. Non invasive theds of
arterial and venous assessment. BMJ. 2000;320:848-7
Pellerito JS. Current approach to peripherariit sonography.
RCNA. 2001;39:553-67.
. Klimt CR, Knatterud GL, Prout TE. A studyf effects of
hypoglycemicagents on vascular complications in diabetes. Béabe
1970;19:747-83.

2.

4,
5.
.
7.

8.



Int J Diab Dev Ctries

10.

11.

12.

Wagner FW Jr. The dysvascular foot. A systerdiagnosis and
management. Fodnkle. 1981;2:64-122.

Cossman DV, Ellison JE, Wagner WH et al. Canspa
with contrast arteriography vizolor flow Duplex imaging in
lower extremities. J Vasc Surg. 1989;10:522-9.

Stoller DW, Tirman PFJ, Bredella MA. Diegtic

Imaging,

13.

14.

15.

Orthopaedics Philadelphia, Pa: Elsevier, 20(BBN 0-7216-
2920-2.

Owen RS, Carpenter JP, Baum RA, Perloff Chpe C.
Magnetic resonance imaging of angiographicallgcult runoff
vessels inperipheral arterialocclusive disease.N Engl J Med
1992;326:1577-81.

Williams IM, Picton AJ, McCollum CM. Theuse of
Doppler ultrasound 1 arterial disease. Wound Mamege.
1993;4:9-12.

Gabriel A, Camp CM, Paletta C, Massey Bascdlar
ulcers. eMedicine [last cited 14.10.2009] av#éda from:
http://emedi cine.medscape.com/article/1298345v0ser

16. Cambria RP, Kaufman JA, L'ltalien GJ, GertlBr J
LaMuraglia
GM, Brewster DC, Geller S, Atamian SpMaltman AC,
Abbott WM.  Magnetic resonanceangiography in the

management of lower extremity arterial occlusivsedse: a
prospective study. J Vasc Surg. 1997;25:380-89.

17.

18.

19.

20.

21.

22.

23.

Yuh WTC, Corson JD, et al. Osteomyelitis of fibwet in diabetic
patients: evaluation with plain film, 99mTc-MDP k®scintigra-
phy, and MR imagingAm J Roentgenol. 1989;152:795-800.
\anjani CV. Diabetes mellitus armkripheral vascular disease.
Non invasive assessment with vascular Dopglddiab Assoc
India. 1995;35:31-2.

Young MJ, Adams JE, Anderson GF, Boulthlhy CavanaghPR.
Medialarterial calcificationn the feet ofliabeticpatients and matched
non-diabetic control subjects. Diabetologia. 196 35-21.

Polak JF. Peripheral arterial disease: evanatith colourflow
and duplex sonography. Radiol Clin North Am 199573390.
Owen RS. MR angiography of tiperipheral vessels.Magn
Reson Clin N Am. 1998;6:385-95.

Ciavarella A, Silletti, Mustacchio A, GargiuM, Galaverni MC,
Stella A, Vannini P. Angiographic evaluation tife anatomic
pattern of arterial obstructions in diabetic patise with
critical limb ischemia. Diabete Metab. 1993;19:586-
Sommerville RS, Jenkins J, Walker P, Olivotto3RD magnetic
resonance angiographyersus conventional angiography
in peripheral arterial disease: pilot study. ANDuthal of
Surgery

2005; 75: 373-377.



Int J Diab Dev Ctries

REVIEWARTICLE

©Research Society for Study of Diabetes in Indial201

Periodontitis and diabetes—a complexrelationship
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Abstract Periodontitis is a common problem ingrai with
diabetes. The interrelation between diabete8ituse and

Introduction

inflammatory periodontal disease has been intelysiveDiabetes mellitus is a metabolic disorder charadrby

studied for more than 50 years. The relationshipvéen
these 2 maladies appears bidirectional—insofar that
presence of one condition tends to promote ther,oémel

hyperglycemia due to the defective secretion oiviagtof
insulin. Diabetes is associated with an increasedgbence,
extent and severity of gingivitis and periodontifis].

that the meticulous management of either may assisumerous mechanisms have been elucidated phaiax

treatment of the other. Inflammation plays an intgair role
in this interrela- tion, orchestrating both the ipdontal
disease and diabetes mellitus pathogeny and catiphs.
Conversely, periodon- tal infection can serioushgpair
metabolic control of some diabetic patients. Moerpv
treatment of periodontal disease and reductionralf gigns
of inflammation may have a beneficial effect onbgites.
This review examines the relationships that exetivben
periodontal diseases and diabetes mellitus, witbcas on
potential common patho- physiologic pathways inigd
those associated with inflam- mation, altered hesponses
and insulin resistance

Keywords Diabetemellitus- Periodontal diseases

Periodontatherapy Inflammation, insulin resistance,
obesity

A. R. Gharat
e-mail: draparnag@rediffmail.com

the impact of diabetes on the periodontium. While
inflammation plays an obvious role in periodonteledses,
evidence in the medical literature also supporntsrtie of
inflammation as a major component in the pathogerafs
diabetes and diabetic complicatiofi$ [

The pathogenesis of periodontal disease is complex
because it reflects a combination of the dtitin and
maintenance of the chronic inflammatory procbkysa
diverse microbial flora and its numerous bacterial
products P]. The subsequent host-response to this
infection mediates a complexcascade of tissue-
destructive pathways3]. Additional factors contributing
to this multifaceted local disease process in tta cavity
include a number of systemic diseases, especialhyetes,
that can exaggerate the host-response to the local
microbial factors (for example, endotoxin), reggt in
unusually destructive periodontal breakdown. Intfac
aggressive periodontitis is recognized as the sigtimpli-
cation of diabetes according to L64],[ who concluded
that multiple epidemiologic studies have desimted
that both type 1 and type 2 diabetes amdiptors of
periodontal disease when the systemic conditiomoisrly
controlled.

Research suggests that, as an infectious procéissawi
prominent inflammatory component, periodontasedise
can adversely affect the metabolic control of diabe
Conversely, treatment of periodontal disease addatéon
of oral inflammation may have a salutory effect the
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diabetic condition, although evidence for this réma
somewhat equivocal].

Diabetes associated factors that increseseerty
of periodonttis

Several altered host responses are associatednhertdased
incidence and severity of periodontitis in diabgtiStudies
have focused on the role of periodontal infectigireind the
microflora of dental plaque in people with diabef@sbut
these have not been conclusive. Thus, it is undfean
altered microflora contributes to the greater ircice and
severity of periodontal infection and destructinrsubjects
with diabetes. Increased calculus formatiomorted in

proteins such as collagen, or lipids, are exposedldose
sugars, they undergo nonenzymatic glycation andatixin
[12]. Initially, reversible alterations of the protsiexposed
to sugars are seen, and eventually, complex malecul
rearrangements may occur, resulting in the irrébkrs
formation of altered proteins known as advancedagipn
end products, or AGEs. Glucose-derived cross-lio&s
contribute to reduced collagen solubility and tworate
in humans with diabetes. Decreased solubility ofgiial
collagen in people with diabetes can be returnedear-
normal levels by insulin treatment, presumablyeethg a
reduction in glucose-derived cross-linkind3F15]. In
addition, glycosylation of existing collagen at wal
margins results in reduced solubility and delayeaadel-
ing of the wound site 1[6]. Patients with diabetes have

patients with diabetes, may be due to an increasedevated levels of AGEs in their gingival tissubattmay
concentration of serum calcium in both parotid ande associated with a state of enhanced oxidangsstre

submandibular saliva of subjects with type 1 diabdi].
The gingival crevicular fluid, or GCF, of paits with
diabetes may exhibit glucose levels twice thoseothier

potential mechanism for accelerated tissue injahgvated
levels of both AGEs and cross-links between collage
molecules in palatal biopsy specimens of patieritis type

patients 8], and urea concentrations also may be increasdddiabetes have been correlated with Hbkevels.
[9]. These changes, as well as basement membraneAGEs act on target cells via their recognition ellc

thickening and glycosylation of hemoglobin shouldb-p
mote a unique environment, resulting in shifts bé t
microbial flora. However, studies have reporteceasally
no differences between people with or without diabé,
9] suggesting that alterations in the host respotwse
existing periodontal pathogens may be primarilypoesi-
ble for the more aggressive periodontal destructim
served in patients with diabeteld].

Factors influencing periodontal disease in diabetes
Vascularabnormalities 10, 11]
Early studies of the pathogenesis of periodonts¢ake in

those with diabetes mellitus focused on basemesnm
brane thickening and possible changes in the vatoel

surface polypeptide receptors. The best charaeriz
binding site for AGEs is a member of the immunoglab
superfamily now called the receptor for AGE, or RAG
AGEs can interact with RAGEs on cells, such as macr
phages, stimulating the production of enzymes ¢am-
ple, matrix metalloproteinases, or MMPs), adhesion
molecules, cytokines (for example, tumor necroaistdr-
alpha, or TNFe; interleukin-1 beta, or IL-18; and
interleukin-6, or IL-6) as well as other mediatoris is

of great interest because these mediators havedstected

in the GCF of patients with poorly controlled ditdm The
overproduction of these products in response tdi¢jaed-
receptor interactions could help mediate and/or ife
addition to alterations in collagen metabolism. AGE
modified proteins also are chemotactic for humamaro
cytes. This could magnify the inflammatory respgnse

[10, 11]. These studies showed that degenerative vasculdelaying wound repair and inducing connective #ssu

changes seen in other tissues and/or organs ienp&tivith
diabetes also occurred in the gingival tissueswds
postulated that vascular changes interfere wibth bthe
delivery of nutrients and the migration of leukaeyto the
gingival tissues, resulting in decreased oxygeffusion
and elimination of metabolic waste, contributing ao
increased severity of periodontitis and decréaseund

damage and bone resorption.
Imbalances in lipid metabolispd 7-19]
Diabetes complications that have been attributéthgyily

to hyperglycemia may also be caused by an imbalémce
lipid metabolismcharacterizedy increased serum levels of

healing capacity]0]. These vascular changes worsen witHow-density lipoproteins, or LDL, triglycerides @rfatty

poor metabolic control and longer duration of theedse.

Nonenzymatioglycosylation 12-16]

acids. Several researchels/] correlated modifications in
lipid metabolism with impaired function of monocgtand/
or macrophages in successive in vitro and in viwaliss.
Monocyte-derived macrophages exposed to seruidslip

A consequence of hyperglycemia in diabetes is th®llowing endotoxin stimulation exhibit suppressidn

alteration of circulating and immobilized proteinalhen

growth factor production, expressing an inflaatory
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phenotype rather than a reparative or praitfee one.
Several studies illustrate that hypertriglyceridanmduces
an increased production of proinflammatory cytokineElevated levels of chemical mediators of inflammati
(TNF-o. and IL-1R) by monocytes. In addition, neutrophilsknown as prostanoids (prostaglandip, Br PGE) have
exposed to triglycerides produce more IL-11 drave been detected in the blood of patients with typtiabetes.
altered chemotactic and phagocytic propertiesrelmsed In addition, GCF-PGE levels are substantiallyigher
levels of pro-inflammatory cytokines have been obseé in patients with diabetes. The significance of these
not only in serum but also in GCF of hyperlipidemicelevated GCF-PGE levels in patients with diabetes
subjects with type 2 diabetes. This disequilibribetween needs further evaluation by longitudinal studies to
increased amounts of cytokines and reduced levéls determine whether this abnormality predicts future
growth factors with protective function may hindepair unusually aggressive periodon- tal breakdown. ipeaps
ability and facilitate tissue breakdowbd 19]. that increased local GCF-P@Hesponses observed in
patients with diabetes are coincident with an uplated
monocytic phenotype. Thus, even low levels of eoxiot
challenge within the periodontal pocket seeminduce
high levels of PGE secretion at these sites.

Altered monocytic responge3]

Altered collagen metabolisfiz]

Several oral and extraoral diabetes-induced cafiadmnor-
malities have been identified, including a largéugtion in These clinical and basic science data have lechéo t
collagen synthesis and solubility in gingiva, skimd bone, proposition that therapies should include a systehnast-
and an even more profound increase in the urinampodulatory approach in addition to traditional teicfues.
excretion of hydroxyproline, an amino acid markdr oThis approach is in sharp contrast to approachsiged
collagen and its breakdown fragments. These firglingonly to remove periodontal pathogens and addrelsstbe

suggest that the disease increases the degraddtimwly
synthesized collagen in various connective tisshiemuigh-
out the body.

Altered collagen metabolism may predispose pfeeo
with diabetes not only to periodontal disease Hsb @o
other abnormalities of connective tissues, suchmpsired
wound healing. Elevations in GCF collagenase agtand
decrease in gingival fibroblast collagen synthesisatients
with diabetes have been observed. The cellularcgoaf
the increased collagenase activity in the GCF dfepts
with type 1 diabetes was reported to be the nphtto
However, the fibroblasts may contribute to the @esce
collagenase; recent studies indicate that underappo-
priate circumstances, fibroblasts (and other cslish as
chondroblasts) can be induced to secrete a neliktypk
of collagenase (that is, MMP-8).

Neutrophildysfunction[20-22]

Polymorphonuclear leukocyte, or PMN functions, siash
chemotaxis and phagocytosis, have been shown to

sites that are deemed to be active by rather aliadgostic
techniques, such as bleeding upon probing.

Mechanisms by which periodontal diseases
may influencediabetes

Periodontal disease increases the risk of pygcemic
control and other diabetic complicationg4f26], and
studies have shown improved glycemic control with
reduction in PD 27-29]Noteworthy improvements in
glycemic control have been observed after treatragoat
reduction of PD 30, 31]. Periodontal diseases may induce
or perpetuate an elevated systemic chronic inflatarga
state B2] and may also result in increased insulin resistan
and poor glycemic controBpB, 34]. Treatment that reduces
periodontal inflammation may restore insulimnsgvity,
resulting in improved metabolic control. It is pitds that
PD may serve as initiators or propagators of imsuli
resistance in a way similar to obesity, therebgragating
blcemic control. A significant association betwesdesity

decreased in patients with diabetes with periodontand PD has been establish&d]|

disease. In addition, there is a strong correlatietween
PMN dysfunction and the severity of periodontaledise.
Reports of a genetic predisposition in subjects witbetes
to the development of periodontal disease may lagegkto
this reported PMN dysfunction. Defects other thaviNP

Increased TNé& as a risk factor for periodontal disea36][

Serum TN concentration is increased in obese type 2
diabetes patients. The increased &NHn turn may

chemotaxis and reduced phagocytosis have been dememacerbate pre-existing periodontal disease irouarwvays

strated in patients with diabetes mellitus,ludag im-
paired intra-cellular killing and impaired adheren@hese
defects in the body's immune system may igpse
people with diabetes to periodontal disease.

such as by stimulating fibroblsts to synthesize rinat
degrading enzymes, and by stimulating osteoclasts t
activate bone resorption. Thus increased circugafliNFa,

in turn may be one of the mechanisms accountingter
more severe periodontal disease seen in obesafsatie
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TNFa-an important molecule in a 2-way relationshgs] between diabetes and periodontal disease, managehen
oral health should form an integral part of dialsete
Increased circulating TNF appears to exacerbate peri-management4].
odontal inflammation. This might be one of the mas To conclude, diabetes is associated with an inectask
why obese patients are susceptible to more severie p of developing inflammatory periodontal diseases and
odontal disease. Thus TMFproduced by adipose tissues,glycemic control is an important determinant in sthi
not only affects insulin sensitivity in obese patg&but also relationship. Research reveals numerous biologiqatu-
influences periodontal inflammation. Exacerbatedi-pe sible mechanisms through which these interacticataio
odontal inflammation further upregulates circulgtifNFo. ~ Less clear is the impact of inflammatory periodénta
concentration by stimulating monocytes, which mayeh diseases on the diabetic state.
additive effects on insulin resistance by direatijuencing While some evidence suggests that patients withedées
target organs such as liver, muscle, and adipoaidsby who have periodontitis are at greater risk of depilg
directly enhancing the release of other insulinistaace poor glycemic control and that periodontal treattregmed
molecules such as FFA from adipocytes. Thus, it waa reducing oral inflammation also may improve glyic
hypothesized that TNF may be an important molecule control, the evidence is not undisputed. Largedoamized,
accounting for the two-way relationship proposeddrgssi controlled intervention trials are needed to extahd
and Genco34]. evidence base. Inflammation is a common link betwe
periodontal diseases and diabetes. Further research

Influence of periodontal therapy on diabetic ©oh

Periodontal diseases can have a significant impacthe
metabolic state in diabetes. The presence of peniitts
increases the risk of worsening of glycemic contveér
time. Longitudinal studies have shown that thatahelic
control of diabetes can be altered by controllieggdontal

inflammation B7, 38]. Intervention trials during the past

15 years have resulted in varied metabolic respoise
patients with diabetes. These trials often examitteel
effects of scaling and root planing on glycemic tcoln
either alone or in combination with adjunctive teysic

tetracycline therapy 1]. Tetracyclines usually are the

antibiotic of choice because they decrease theuygtauh
of matrix metalloproteinases such as collagenaseéch
often are elevated in patients with diabetgd).[Some

studies showed significant improvement in glycemicg

control after treatment2p, 30], while others showed no

significant improvement in glycemic control despite

improvements in patients’ periodontal health,[ 40].

These conflicting study results make it difficudt teter-
mine the clinical applicability of the data. Thehanges in
glycemic control, or lack thereof, may be relatedéctors
other than changes in periodontal inflammation.yAtem-
atic review and meta analysis suggests tleatogontal
treatment leads to an improvement of glycemic adritr

type 2 diabetic patients for at least 3 mont#hd.[Further
research is required to determine how variationgliirical

responses after periodontal therapy might be reften

changes, or a lack of changes, in glycemic conBabetes
and periodontal disease are closely related in nveanys,
though the effect of periodontal disease on diabetatrol
remain to be determined, with larger interventiardis. In
the light of the increasing evidence of treationship

needed to clarify how inflammatory periodontal dises
may affect insulin resistance, glycemic control ainel risk
of developing other diabetic complications.
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Abstract The increasing prevalence of Diabeteslitddsl activity, family history and hypertension among jeabs

(DM) has become an issue of global concern. Dexbe were significantly associated with diabetes prevede

affects over 100 million people the world overhéts been Positive associations were also observed betwesretsis

observed in Ghana that diet-related diseases ssidbMa  prevalence and age, BMI, and WHR. Other factorewet

and hypertension are on the increase. Howeverstitat  significantly associated with diabetes prevalemiabetes

data on the prevalence of the disease in Ghaneaistys prevalence among subjects was high. This warrdfastse

This study therefore investigated the prevalence e to address risk factors identified in this study.

risk-factors of DM in adults in the Greater Accradion.

The study was a cross-sectional one involving pebyhg  Keywords Diabetemellitus- Insulin- Anthropometry

in purposely selected urban and peri-urban comngnih  BMI - WHR

the Greater Accra Region. A total of 288 men an® 30

women aged between 36 and 95 years participatehlein

study. Subjects were screened for DM using urireamgl  Introduction

fasting blood glucose determinations. Data on bamkud

of subject were collected and anthropometric mesamants Diabetes is among the major global public healtbfams.

were taken. Data entry and analysis were done usimg Africa its management is complicated by pooricoc

Microsoft Excel, and SPSS. Statistical sigrifice was economic conditions1] The current increasing trend of the

tested at 5%. Chi-square test was used to deterthae disease is due to unhealthy lifestyles which inelimtake

strength of association between DM prevalence ahdro of high fat diets and reduced physical activigd} Global

variables. Prevalence of diabetes among subjects pjections predict that the prevalence of tlisease is

determined by fasting blood glucose was 3.9%. Physicexpected to increase from 171 million in 2000 to6 36
million in 2030.B] This justifies the need to probe the risk
factors that may be culturally ingrained amaosygecific

. vavor populations to help in efforts to reduce the inoicke of the
fredvuvor@yahoo.com disease

Materials andmethods

This study was a cross-sectional involving peoplied in
purposely selected urban and peri-urban communitigise
Greater Accra Region. A two-staged sampling stiateas
used to select the specific community sites forsthely. First,
convenience sampling was used to select enumeratéas
(EAs) among those mapped out by the Ghana Statistic
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Table 1 Prevalence of diabetes by socio dempbira and
health
s tatus among participant®N =

597)

Characteristic Diabetic KP6) Non diabetic N (%) p-value
Gender

Male (n=288) 10 (3.5) 27896.5) 0.641
Female(n=309) 13 (4.2) 296 (95.8)
Socio-economic class

Lower (n=343) 9 (2.6) 33492.4) 0.104
Middle (n=191) 12 (6.3) 179 (93.7)
Upper(n=63) 2 (3.2 61 (96.8)

Glucosuria

Presen{n=18) 16 (88.9) 211.1) 0.000
Absent(n=579) 7 (1.2) 572 (98.8)
Hypertension

Presen{n=103) 9 (8.7) 9491.3) 0.005
Absent(n=494) 14 (2.8) 480 (97.2)

Family history

Yes (n=69) 10 59 0.000
No (n=528) 13 515

Total (n=597) 23 (3.9) 574 (96.1)

Service (GSS). The EAs were used as the primarylgagm
units. Sixteen EAs were chosen. Sample size red)firea
3% precision in prevalence estimates, and to dstatisti-
cally significant differences with 90% power werécotated
based on absolute inter-group differences of Z-8core
(assuming a standard deviation of 1.00). On thislodshese
calculationsasamplesize of 3Gubjectdn each of 1&Asfor

a total of 576&ubjectavas theminimal requiredsample. From
each EA, 36-40 subjects were selected by simpldoran
sampling. A total of 597 subjects participated hie study
(288 men and 309 women). Subjects recruited wayseth
between the age range of 36 and 95 years sincetdfab
prevalence is more in adults; pregnant women wesieiéed

from the study as there was the likelihood for ggstal
diabetes among them as well as other physiologltahges
that can affect other measurements taken ssctblood
pressure, weight and height.

Demographic and socio-economic data were collected
using questionnaires. Blood pressure measurementore
using a sphygmomanometer. Anthropometric measurgmen
namely weight, height, waist and hip-circumferencesre
measured usingtandardgrocedures4] The BMI and WHR
of subjects were determined from these measurements

Urinary glucose determination was also carried fout
subjects. This was done enzymatically using glucastase,
peroxidase, a chromogen and the clinistix reageiptss In
determining the presence or absence of glucoseria, ithe
test end of the strip was dipped into fresh urimé @moved
immediately. The presence of glucose was indichiethe
moistened end of the strip turning blue. Blood gheclevel
determination was done using a glucometer. Theestibj
middle fingertip was first cleaned with absorbesttan wool
containing 70% alcohol and pricked using a lancedr@p of
blood was applied to the centre of the twin-zoms¢ &eea of
the test strip ensuring that both twin-zone of sk were
completely covered. After 60 s, the blood was abebn
completely from the test area using cotton woole Blrip
was inserted into the glucometer and the bloodogledevel
was read after about 120 s.

Data entry and analysis was done using MicrosofeEx
and SPSS version 16.0 respectively. Statisticalifeignce
was tested at 5%. Chi-square was used to determine
statistically significant associations between DMvalence
and categorical variables. Line graphs with cuweee used
to show relationships between anthropometric viegband
DM prevalence. Ethical clearance was obtained ftbm
Institutional Review Board of the Nogudiiemorial Institute
for Medical Research, University of Ghana.

Table 2 Prevalence of diabetes
by lifestyle behaviours among

participantyN=597)

Characteristic Diabetic N (%) Non diabetic N (%) value
Smoking status

Never smokedn=459) 18 (3.9) 441(96.1) 0.827
Stopped smokingh=93) 4 (4.3) 89 (95.7)
Currently smokingn=45) 1(2.2) 44 (97.8)
Alcohol intake

Never (n=280) 10 (3.6) 270 (96.4) 0.083
Occasiona(n=162) 11 (6.8) 151(93.2)

Habitual (n=135) 2 (1.5) 133 (98.5)
Stoppedn=20) 0 (0.0) 20 (100.0)

Physical activity level

Inactive (n=153) 12 (7.8) 141 (92.2) 0.010
Moderately active gn=320) 9 (2.8) 311(97.2)

Highly active(n=124) 2 (1.6) 122 (98.4)

Total (n=597) 23 (3.9) 574 (96.1)
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Fig. 1 Age distribution
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Reslts Majority of the subjects were either occasionahklers

or non-drinkers. Prevalence of diabetes was higieong
A total of 597 adults made up of 288 matewl 309 occasional drinkers (6.8%) and non-drinkers (3.GB@n
females participated in the study. The age raofghe habitual drinkers (1.5). None of those whstopped
participants was 36 to 95. Most people (343) weré¢he smoking was diabetic. This observation was howenar
lower socio-economic class (Talle A greater proportion significant(p=0.083).
(459) of the participants never smoked while 18&re Diabetes prevalence was higher among inactive stje
habitual drinkers. Most people (444) engaged ineséanm  (7.8%) than highly active (1.6%) and moderatelyivac
of activity and the rest, 153 were inactive (Tab)e subjects (2.8%). The relationship between the tadables

Fasting blood glucose determination showed that 2®as statistically significanfp=0.010).

(3.9%) of the subjects were diabetic (Tab)e Sixteen (16) Generally, diabetes prevalence increased with age o
subjects had both high fasting blood sugar andogledn respondent as shown in Fig(R*=0.7778). The prevalence
their urine. Although glucose was not found in tiime of  was highest at age 66—75. The average waist -fofatio
579 subjects, 7 of them were diagnosed as diabesicgy among subjects was 0.89. Prevalence of diabetesiggtmo
the level of fasting venous blood glucose. subjects increased with increasing waist-to-Hipor&®? =

About 3.5% (10) of male and 4.2% (13) of femaleD.8665). It was highest at WHR of 1.2 whichswihe
subjects were found to be diabetic. The associd@ween highest WHR value observed (Fig). The BMI ranged
gender and diabetes prevalence was not statisticalirom 15 kg/nf to 51 kg/nf, with an average of 27.8&/m?
significant (p=0.641), with a risk ratio of 0.83. Socio-The correlation (Fig3) between BMI and prevalence of
economic class also did not show a significant @ation diabetes showed a J-shapes curve relationsAipqR309).
with diabetes prevalenq@=0.104). About 6.3% of those The lowest prevalence is predicted by theveuo be
in the middle class were diabetic. The prevalenas lewer within the BMI range of 16-30 kg/mAbove and below
for the other classes. this range, the risk of diabetes increased.

Among the hypertensive subjects 8.7% (9) were diebe  Table3 shows the relationship between family history of
The prevalence was very low (2.8%) among nondiabetes and diabetes status of study particip@msng
hypertensive subjects. The association betweenrtegpe 69 subjects who reported family history of the diss 21
sion and diabetic status was significgpt0.005) with a reported either mother or father being diabetic,hb6l a
risk ratio of 3.1 (Tablel). About 4.3% of the subjects who sibling with diabetes, 5 had diabetic cousins, Had a
stopped smoking were diabetic and 3.9% of theke diabetic aunt or uncle, and 9 had grandparents with
never smoked were also diabetic (TaBJeOf the smokers, diabetes. Close to 24% of the subjects whose paresrte
only 2.2% were diabetic. No statistically signifita diabetics were also diabetic. For the others, tlewglence
relationship was observed between smoking statuks awas lower. Family history was strongly associateith
being diabetip=0.827). diabetes prevalendp=0.000).

Fig. 2 Waist-to-hip ratio and
prevalence of diabetes mellitus 15
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(53]
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Fig. 3 BMI and diabetes
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Discussion fore suggest that diabetes is a disease of rétatively

The crude prevalence of diabetes which was 3.9%l¢Ta
is about two-thirds that reported by Amoadt, al. p]
among a random cluster sample of Ghanaians inghees
region (6.3%). The crude prevalence in Sudan w&[8)
and that for Caucasian adults (age 50-74 yaex2484)
was 8.3%. The overall crude prevalence of¥B3.B a
sample population of 596 is indeed crude. While esarh
the enumeration areas had no record of the dissasee
had as high as 15.8%. This implicates the arfte of

affluent societies. Kosakg] mentioned that although DM
is a genetic disorder, environmental factors afbath
including “modernization or westernization” and iedated
life style changes play an important role for thevelop-
ment of diabetes. These lifestyle variables nmaglude
eating patterns and physical activity levels. Ithisvever
noteworthy that the observation between socio-ecncio
status and diabetes prevalence was not statigtis@hif-
icant (p=0.104).

It was also observed that increasing age predispmeeto

possible environmental factors such as nutritiomd andiabetes as reported by Amoah et5hlThis was evident

lifestyle variables on the prevalence of the diseas

from the study as the prevalence at 46-50 yearsalmagst

Glucose was not found in the urine of 579 of theequal to the crude prevalence. There was a galop i

subjects. Out of the 18 whose urine had glucoseva
found to be diabetic. The remaining 2 were non-eliais.
This may be explained by the fact that other patijichl
and physiological conditions such as febrile cdonda can
cause glucose to appear in the urifleThe observation
thus attests to the fact that urine tests are s§ halue
compared to fasting blood glucose in the diagnasdis
diabetes. It is worthy of note that glucose appepm the
urine when the blood glucose is below 180 mg/dlidates
low renal threshold. This is a benign condition ethimay
run in families and commonly occurs temporarily i
pregnancy. Renal glucosuria is a much more freqoeumse
of glucosuria in young persons.

prevalence as age increased, with the 66-&& group
being the peak age of incidence of the diseaseeSditese
effects may be related to the increased adipasiydccurs
with maturity, as well as to the increased cerabasity that
generally develops in many older persahslp]

There were more female diabetics than males. Fhis i
line with findings of various studie4q, 12] However the
case has been different in some studies. For iostahthe
Diabetic Clinic in the Korle-Bu Teaching Hospitahe
incidence of the disease was found to be equadtin fexes

n[5] whiles other researchers have found a completely

opposite trendl3, 14] These contradictions may be
accounted for by differences in genetic and envirental

The prevalence of diabetes was lower in the lowetonditions of the different study populations.
socioeconomic class (2.6%) than both upper (3.3) an BMI of subject was found to influence thealutic

middle (6.3%) socio-economic classes. The reshkset

Table 3 Prevalence of diabetes by family history

status. Generally, prevalence of diabetes increasitl
increasing BMI in this study, especially among veam
This finding is supported by findings from otheudies. p,

Relative with diabetes Diabetes status of subject

Diabetic N (%) Non-diabetic N (%)

Father/mothefN=21) 5 (23.8) 16(76.2)
Sibling (N=16) 1(6.3) 15(93.7)
Cousin(N=5) 1(20) 4(80.0)

Uncle/aunt(N=15) 3(20) 12(80.0)
Grandparent(N 9) 0(0) 9(100.0)
Other relativgN=3) 0(0) 3(100)

Total (N=69) 10(14.5) 59(85.5)

9, 15 WHR also increased with diabetes prevalenceast h
been reported that people with diabetes have adeaghal
upper body fat (WHR 01+0.07).[L6] Among peoplewith
similar total body fat content, prevalence of digisevas
higher among those with family history of tbsease]7]
Hypertension and diabetes run among peoplgmiiar
characteristics such as age, obesity, among othkosigh
they do occur independently, the presenceorsd may
accelerate the appearance of the other. The figuntaéned
from this study signify that hypertensive subjeatsabout
three times more likely to develop diabetes tmanmal
subjects(p=0.005). This is similar to the findings of de-
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Courten[L8] who reported that among the Pima Indians aRefeences

much as 40% of diabetics were also hypertensive.

The results of this study suggest a significantitpes
association between family history of diabetes dhd
disease status among the study populafn0.00).
Genetic factors are very important in the developtef
diabetes9] Elbagir[6] has reported that family history
was among the factors associated with higher peecal
rate of the disease. The sharing of commdt and
lifestyle by family members may influence the prewnae
within a given family.

Smoking has been reported to have an adverse @ifect
diabetes. 70]. However from this study, 2.2% of the 5
smokers were found to be diabetic whereas 3.9%hef t
non-smokers were diabetic. These findings werelain
that found in Nigeria by Okesin2]] Kawakamip2]
published that those who were currently smoking had
3.27 times higher risk of developing diabetes thiamse
who never smoked; the hazard ratio was similar.24 3or
those who were smoking currently. The results is study
suggested no significant relationship between sngpkind
the development of diabet§s=0.827).

1

Various studies have reported alcohol consumpti®n ao.

a risk factor for diabetes. Wilke®23] demonstrated that
ethanol consumption has a long-term effect orulins
regulated glucose transport and it was suggestdxt tan
independent risk factor in the development of diabe

11

The prevalence of the disease was rather highemgmol3.

non-drinkers and occasional drinkers than habitual
drinkers in this study, contrary to available regor
However this observation was not statistically #igant
(p=0.083).

Physical activity was significantly associated wit
diabetes prevalendg=0.010). About 8% of the subjects ;¢
in the relatively low active group had diabetesagsinst
1.6% of the highly active people. This may be exy@d by
the fact that an active person burns his or herydatfor
energy and thus prevents obesity and keelds & a
normal level; this is lacking in the low active gm Active
people use their muscles very much, including their
abdominal muscles. In effect they have a tighteaad
strong abdomen, resulting in lower WHR values. Tbveer
prevalence of DM seen in highly active individuasthe

inevitable corollary of lower BMI, reduced WHR and 20.

functionally active internal organs.

To conclude, prevalence of diabetes among study
population as determined by fasting blood glucoas 8:9%.
Physical activity, family history of diabetes angbbkrtension
were significantly associated with diabetes prewede Posi-
tive associations were also observed between diabet
prevalence and age, BMI, and WHR.
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Abstract Depression is an independent risk fafdothe
onset of type 2 diabetes. It negatively affectsdberse of
diabetes and is associated with increased rislowiptica-
tions, hyperglycemia, and mortality. Diabetes magreits
negative effect through hormonal, neuronal,immune
system changes that directly affect the body®Bitakto

produce or use insulin or, the effect of depressiay be
indirect, by resulting in poor self-care behavisuch as
overeating, not exercising, skipping medicationfailing

Cross-sectional study done in ambulatory care. tAl tof
320 diabetic patients who have duration of diabetese
than 1 year with out-patient diagnosis of diabéitesuding
fasting blood glucose >126 mg% twice in 1 year,dmn
blood glucose >200 mg% twice in 1 year, currendliing
any anti-diabetic agent, hospital discharge diagnad
diabetes) were identified during the study periddiltivar-
iable logistic regression was used to estimate agadis
(Odds Ratios) and 95% confidence intervals (Clsjerall

to keep medical appointments. Thus, identifying andepression was 17.5% (95% CI: 0.13-0.22%).The mean

treating depression in diabetes is strongly recontad.

age washb5+12 years, 138 (43%) were females. Hyperten-
sion 197(61.6%) and ischemic heart disease(IN>)68;
21.3%) were the most common co-morbiditiesctéia

F Jahan
e-mail: firdous.jahan@aku.edu

independently associated with depression were; rhgmpe
sion (OR 2.75; 95% CI: 0.99-7.37), complication of
neuropathy (OR 4.56; 95% CI: 1.71-12.15) and neihyp
(OR 4.10; 95% CI: 1.26-13.33), family history of degsion
(OR 4.46; 95%CIl: 1.50-13.26) and inadequate int&keiid
and vegetable (OR 0.32; 95% CI: 0.13-0.82). Depdesse
diabetics had more complications and sub-optiniélcsee.
Coexistence of depression produced poor glycentitralo

Keywords Diabetemellitus- Depression Self care-
Glycemiccontrol- Complication of diabetes mellitus

Baclkground

Prevalence of diabetes and depression is growing ve
rapidly. Worldwide distribution of these problemsnapli-
cates the issue further and impact of depressiosesapoor
diabetes control 1]. Projections for 2020, based on
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modeled estimates by WHO, show a marked escalafion control. All diabetic patients who have durationdibetes
diabetes related burden in South Asia. The number more than 1 year with out-patient diagnosis aibdies
people with diabetes is expected to rise by 195%ndtia including fasting blood glucose >126 mg% twice ig€ar,
during 1995-2025 to reach 57.2 million in 2025. iB@k random blood glucose >200 mg% twice in 1 year,entty
is expected to have about 14.5 million people wlittbetes taking any anti-diabetic agent, hospital dischatiggnosis
by that year 2, 3]. The American Diabetes Association of diabetes.
publishes standards of medical care yearly to ptertire For all patients history was taken including disiseself
importance of achieving optimal glycemic contrel]l.[ management behavior for diet, exercise, adheremagd
Diabetic patients are more likely to have dspien as hypoglycemic drugs, blood glucose testing, footc&ise
compare to individuals who do not have diabetes bwnd smoking status . Clinical measures to idemtifynpli-
diabetic patients might require depression treatmeearly cation of diabetes chart review for retinopathynopathy,
part of their diagnosis as depression is goingffecathem nephropathy, cardiovascular, cerebrovascular deseas
negatively causing disability in later life. Adultwith  peripheral vascular disease, ketoacidosis wasechout.
diabetes having co-morbid depression, may have poéil patients were examined for weight, height, BNdlpod
metabolic  control, more complications, increasegressure. For physician initiated preventive caredfabetes
healthcare use and costs, reduced quality of ¢ifeater record of HbAlc and glucose level in blood was &hdc
disability and lost productivity, and higher moitlrates Screening of depression was done on self-reported
[5]. Previous studies have addressed the associativalidated questionnaimnd the cut off score was 9. Depression
between depression and diabetes outcomes, thesfiec questionnaire’s Urdu translation was done. This igalid
depression on glycemic control in adults with diglse instrument for assessing depression with highmaleronsis-
Psychological issues can interfere with a patieabdity  tency, good construct, concurrent validity and nsbtiest and
and confidence to manage their diabet8s Evidence retest reliability. All patients with score 9 orae were
suggests that depression may relate to pooreregliyc referred to psychiatry clinic of one of our co auth
control which further predicts a poorer course of
depression in adult sample§].[ Depression may increase Statistical analysis
complications, not only because of poor self-cavat
possibly through the brain chemistry and nervoustesy A descriptive analysis was done for demographic and
abnormalities that accompany depressignResearch has clinical features. Results are presented as mestandard
yielded increasing evidence that treating the degio@ can deviation for quantitative variables and numberr¢eet-
also help improve the outcome of treating the coage) for qualitative variables. Prevalence of degiom with
occurring illness. Depres- sion has negative effeah 95% Confidence Interval (Cl) was calculated with-Eyfo
diabetes outcomes, diabetes complicates depresaimh, version 6.04 (CDC, USA). To evaluate the assoaiatio
these problems are both worse and growing, tberethe between depression and non-depressed patient witie-d
efforts to identify and treat depression in tliabetic tes each of the clinical, nutritional and physieaitors were
should be encouraged][ Screening for depression in assessed by using the Chi-square test or Fishet &t
diabetics has prime importance in this part of wiweld as where appropriate. In univariate analyses, comparis
Pakistan is having a burden of health care cosbhaf- between depressed and non-depressed was donecfor ea
communicable diseased][ This study was done to screenvariable of interest. Multivariable analysis wasidocted to
depression in diabetics and to study its impactclmical identify the factors or determine association bemve
characteristics, diabetes self- care and glycewmtrol. depression and diabetes.
All analyses were conducted by using the Statistica

package for social science SPSS (Release l@&fdasd
Methods version, copyright © SPSS; 1989-02). All p-valuesravtwo

sided and considered as statistically significhrDi05.
Study design

A cross sectional study was done in ambulatoryecuisve  Reslts

out-patients who met the inclusion criteria and eav

informed consent. They were admitted to #tedy to A total of 336 patients presenting in ambulatorsecelinic
assess the association between depression andedighied at the Aga Khan University were interviewed. Amdhgse
possible differences between depressed and nomskgat 320 patients were enrolled in the study. Out of 16ewho
patients with its relationship to clinical characdgécs, were not included in the study, 9 refused to givesent
diabetes self care, medication adherence glgdemic while 6 had language barrier and were not ableivte the
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Table 1 Demographic

character- istics of study Characteristics N %
population
(n=320) Age, years 54.54+12.50
Type 2 diabetes 301 94.1
Duration of diabetes, years 10.49+7.34
Gender
Male 182 56.9
Female 138 43.1
BMI 28.14+5
Co-morbidities
Hypertension 197 61.6
Depression 22 6.9
Hypothyroid 21 6.6
IHD 68 21.3
Complication of diabetes
Retinopathy 57 17.8
Neuropathy 169 52.8
Nephropathy 20 6.3
Ischemic heart disease 54 16.9
Family history
Diabetes 250 78.1
Hypertension 189 59.1
Ischemic heart disease 143 447
Depression 28 8.8
General self care activities in past week
Five serving of fruit/vegetables 273 85.3
High fat food >6 times/week 72 22.5
Physical activity >30 min/day started before orfediabetes 16 5.0
Physical activity >30 min/day started after theairsf diabetes 85 26.6
Drugs
Oral hypoglycaemic 283 88.4
Insulin 134 41.9
Anti lipid drugs 222 69.4
Anti hypertensive drugs 189 59.1
Recent HbAlc level 7.78£1.76

interview. The participants were from a dieerpatient
population coming from all the four provinces ofkiztan.

Approximately more than half of the patient popialiat
were male(56.9%), and the mean age of the patieats
55+12 years with 53.4% of the participants ihgv
completed their graduate studies. 94.1% of padents
were suffering from type 2 diabetes with mean doraof

the diabetes amongst the patients beifiglot 7.34 years.

The prevalence of depression amongst the partitspaas

complication of long standing diabetes either ie form
of sensory or autonomic neuropathy checked clihical
Majority of the patients had family history afiabetes.
Around 88% of the patients received oral hypoglyicem
agents while 42% received insulin either alone or i
combination with the oral hypoglycemic agents. Rday
general self-care activities only 27% of the pasereported
some sort of physical activity. The mean numbeHbAlc
tests done per year was 1.2. The mean Hblkvel

17%. The mean BMI was 28 kg/m2 and 9% were smokeemnongst the patients w&s78+1.76%.

(Table1). The most common co-morbid conditions reported The prevalence of depression was 17.5% (95Po
by the patients during the interview were hyperi@ms 0.137%-0.22%). Diabetic patients suffering from résp
(61.6%) and ischemic heart diseases (21.3%). Moa@ t sion were compared with non-depressed diabeticgder

half of the patient population suffered from newathy as a

to study the factors associated with depressionvadiate
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Table 2 Univariate analysis of
factor associated with
depressior(n=320)

analysis revealed a higher prevalence of e&gon

Characteristics Naoepression, Depression, Odd ratio P value
N=264(82.5%) N=56(17.5%) [95% CI]

Gender

Male 158(86.8) 24(13.2) 1.0

Female 106(76.8) 32(23.2) 1.98[1.10-3.56] 0.02

Comorbidities

HTN

No 112(91.1) 11(8.9) 1.0

Yes 152(77.2) 45(22.8) 3.01[1.49-6.08] 0.002

Complications

Neuropathy

No 138(91.4) 13(8.6) 1.0

Yes 126(74.6) 43(25.4) 3.62[1.86-7.04] <0.001

Nephropathy

No 251(83.7) 49(16.3) 1.0

Yes 13(65) 7(35) 2.75[1.04-7.26] 0.04

Ischemic heart disease

No 224(84.2) 42(15.8) 1.0

Yes 40(74.1) 14(25.9) 1.86[0.93-3.73] 0.07

F/H of diabetes

No 63(90) 7(10) 1.0

Yes 201(80.4) 49(19.6) 2.19[0.94-5.08] 0.06

F/H of hypertension

No 115(87.8) 16(12.2) 1.0

Yes 149(78.8) 40(21.2) 1.93[1.02-3.61] 0.04

F/H of IHD

No 152(85.9) 25(14.1) 1.0

Yes 112(78.3) 31(21.7) 1.68[0.94-3.008] 0.07

F/H of stroke

No 238(83.8) 46(16.2) 1.0 0.09

Yes 26(72.2) 10(27.8) 1.99[0.89-4.40]

F/H of depression

No 246(84.2) 46(15.8) 1.0

Yes 18(64.3) 10(35.7) 2.97[1.28-6.84] 0.01

5 serving of fruit and vegetable/week

No 34(72.3) 13(27.7) 1.0

Yes 230(84.2) 43(15.8) 0.48[0.23-1.002] 0.05

High fat food >6 times/week

No 209(84.3) 39(15.7) 1.0

Yes 55(76.4) 17(23.6) 1.65[0.87-3.14] 0.12

Duration of diabetes

<5 years 91(85.8) 15(14.2) 1.0

5-10 years 74(88.1) 10(11.9) 0.82[0.34-1.93] 0.65

>10 years 99(76.2) 31(23.8) 1.90[0.96-3.74] 0.06

HbAlc level

<6.5 30(90.9) 3(9.1) 1.0

>6.5 147(80.3) 36(19.7) 2.44[0.70-8.47] 0.15

hypertension(p=0.002), or neuropathyp<0.001), or

amongst the female populatiqp=0.02), those with nephropathy(p=0.04), or family history of hypertension
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Table 3 Factors predicting depressioby —multivariable  the control in a study done in Irad7. Depression when

logistic . linked to diabetes leads to a higher degree of idiybor
r egression

analysis— mortality due to decreased or diminished self-catated
_ to diabetes.
Odd—+atiol8sl6-H] Pvalue Presence of diabetes doubles the odds of co-morbid
Comrbids depression. Female preponderance was present stumy;
HTN as well as that of Anderson, where 28% women ar 18
No 1.0 men were afflicted by depres_sior:lSI _
Yes 2.75[0.99-7.37] 0.05 More than half of the .pat!ent population suff_eredrri
Complications nguropathy as a complication of Iong-s.tanddn@b-etes
Neuropathy e|_th_er in the form of sensory or aut_onomm, as nlosgd
No 10 clinically. Those who Were_overwelg_ht Ignd sxbe/.vere.
Ves 4.56[1.71-12.15] 0.002 more depressed.§]. Depre§3|on was significantly high in
Nephropathy f[hose v_vho had hypertenspn, nephropathy neurppmldy
ischemic heart disease. It is a known fact thabeties can
No 10 lead to various co-morbidities as well as compiara. In
Yes _ 4.10[1.26-13.33] 0.01 our study we found that hypertension and ischengiarth
F/H of depression disease were the most frequent co-morbid condition
No 1.0 diabetes while patients who had superimposed deipres
Yes 4.46[1.50-13.26] 0.007 reported an increased frequency of hypertensionedisas
5 serving of fruit and vegetable/week family history of hypertension, diabetes, stroksghiemic
No 1.0 heart disease and depressitf][
Yes 0.32[0.13-0.82] 0.01 Diabetic complications such as neuropathy and rogphr

athy was also more frequently reported in patiemith
depression. de Groot and associates in their stlehtified
the fact that depression was consistently assatiafiéh
increased severity of diabetes complicatick®.[Therefore
diagnosis of depression or early detection of symyst of
depression is imperative to limit the initiation a@b-
morbidities as well as diabetic complications sua$
neuropathy and nephropathy. Our study populatiod ha
significant history of hypertension in depresseugr.
Carney et al. in their study found that there ithreefold
increased risk of developing ischemic heart diseiase
patients having depressioh7]. Patients with diabetes and
depression had higher odds of functional disabitioyn-
pared with either diabetes or depressivg.[In our study
depressed diabetics had more neuropathy and neghgop
s compare to non-depressed diabetics.

These alarming figures of depression will have tigga

(p=0.04), family history of diabetgp=0.06), or ischemic
heart disease(IHOp=0.07) or strokép=0.09), those with
infrequent intake of fruit and vegetablgs=0.05), or with
duration of diabetes more than 10 yegrs0.06) There
was no difference between the depressed and noesteul
patients with regards to physical activity, constiomp of

fatty food, self monitoring of blood glucose as has foot

checks (Table).

Multivariate logistic regression analysis peni@d
after adjusting for the effect of other véiies in the
model identified hypertension, diabetic complicatiof
neuropathy and nephropathy, family history afpies-
sion and fewer intakes of fruits and vegetables
independent predictors of depression in diabetitepts

(Table 3). impact on cost of managing diabetes in low resource
countries, since depression increased subsequalth lcare
Discussion costs among adults with diabetes by 50, [19]. A

depression collaborative program improved depressio
outcome compared with usual care and reduced ttes me

There is a growing body of literature on the relaship total medical cost1[g]

(l:;_et;veen d|a:jbetes anbd_ddotlapressm_)n as Lvelll is thet @Le Depression appears to influence patient-initiatetivia
labetes and co-morbid depression on health OUE@NE oo o than physician-initiated services In ipatar,

costs U-Q]- S.pecificallly, the (.:oe>.<istence of diabetesi an giabetic patients with depression need support self-
erressmn is associated with increased hezdtl use, management activities such as lifestyle modifiaagi@nd
increased health care costs and adverse healtbroescof medication adherenceld, 20]. Nearly half of our study

d|a|l:3etes 1. ¢ d ) _ q s participants were on insulin. Mean HbA1C was 7.78 a
requency of depression in our study samyp mean tests per year was 1.2.
17.5%, predominantly involving females. Diabste

patients were having higher score for depo@sshan
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Mean BMI in our patients were 28 kg/mwhile other longitudinal manner. One of the most important aspe
studies show that 48.9% had BMI >30 and majoof diabetes care is compliance with the medicatibyps
depression was associated with less physical #&gtivithe patients but we do not have any system by whieh
unhealthy diet, lower adherence to drugs and sumapt could ascertain the prescription refill by the pats and
self-care PO, 21]. hence medication compliance.

In our study patients with diabetes reported a eksmd In conclusion, depressed diabetics had more coalic
trend towards general self-care activities suchdasy tions and sub-optimal self care with poor glyceroatrol.
physical activity, feet check and healthy eatindroits and Patients having both diabetes and depression aranat
vegetables. Patients having symptoms of depressiamcreased risk of developing complications and arbid
reported even lower frequency of fruit and vegedabtake conditions which can lead to both functional andntak
when compared with the normal diabetic populatiat b disability and higher health-care costs. Therefidras

surprisingly no difference was found regardiplgysical
activity, feet check, self monitoring of blood ghse or
intake of fatty food. 22

Only one third of our patients indulged in any phgb
activity and there was no difference in depresset reon-
depressed diabetics. A better understanding ofpleeific
self care activities that are compromised in depogscan

shed light on the relationship between depressiod a
unfavorable diabetes outcomes such as impaireddblo@

glucose levels and more diabetes complicati@® 24].
Depressed took less fruits and vegetable and faghliét.
Clinical data showed suboptimal levels of eisls-care

across a continuum from self-management and mealicat

adherence to preventive care. This study highlightse

imperative to screen diabetic patients for earlprdssive
symptoms and start treatment as early as possible.
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notable deficiencies in diabetes management: latk o

physical activity, high non-adherence rates to bsgdogly-

cemic medicines and inadequate clinical monitorofg
glycemic control. A better understanding of spec#elf-

care activities that are compromised in degogs can
shed light on the relationship between depoessand

unfavorable diabetes outcomes, such as highleA,

levels and more diabetes complicatio®s,[26]. Lin et al.

in her study found no difference in self-care atitg such
as glucose monitoring and foot checks in both desed
and non-depressed diabetics. On the other handesksd
patients reported very infrequent exercise andthealiet

and more smoking2D, 25]. In our study we did not find
any strong association of smoking between depressid

diabetes and only a fraction of the diabetic pdsemere

smokers.

There are a few limitations to our study. This stud

was done in a single tertiary care centre wheréepst
were not the true representation of the generaljation
due to the fact that majority of the patterare from

upper and middle class background while our general

population mainly consists of people from middleloov

socio-economic status. Therefore patients from gene

population should have been included in #tedy as
well. Further this study was a cross-sectional wtdde

to which we cannot ascertain the observed coroiati
between depression and diabetes. This issue caaud h

been resolved if the study was performed in prospec
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Abstract Data from UKPDS study suggests that teeb Introduction

of B cell dysfunction in diabetes occurs well befdhe

development of hyperglycemia. To study the conaspt The pathogenesis of type 2 diabetes mellitus isptem
secondary OHA failure in type 2 diabetes patiefitmore and in most instances clearly requires defectsath 1
than 10 years duration in a tertiary care hospifal. cell function and insulin sensitivity. It is wellceepted
retrospective analysis of all the cases of typeidbaetes that for hyperglycemia to exist in type 2 diabet@sgell
mellitus of more than 10 years duration from 2002003 dysfunction has to be preserf.[Data from the UKPDS
was done and the data was divided into three gromps study suggests that the onset of B cell dysfunction
hypoglycemic agents (OHA) only, Insulin only, OHA associated with diabetes occurs well before thesldpv
insulin. ANOWA/Students t test was the primary ist&tal ment of hyperglycemia, and may commence many years
test used. Odds ratio and 95% CIl were calculated tmefore diagnosis of the disease.

compare risks of other diseases and drug use. B2vasre Not only does beta cell dysfunction in type 2 DM
on only OHAs, 8.82% on only insulin and 28.82% athb preceed rise in blood glucose, it progressively ssos
insulin and OHAs. This confirms good efficacy of @81  throughout the course of the disease. In the UKRDR&
Diabetic population in our study tends to have esprved 9 years, only 25% of the subjects in the intensigatment
beta cell function and secondary OHA failureaislate arm were achieving a HbAlc less than 7% with mono-

feature. therapy alone. Whereas a greater number of gheti
options are available for lowering plasma glucasene

Keywords OHAfailure- Beta celldysfunction: have been shown to reliably slow the progressigs fof 3

Type 2 diabetes cell function [l]. On the other hand, according to Daniel et

al., a significant loss of 3 cells does not sedwmlyi at the
early phases of clinical hyperglycemia in type abdites.
This conclusion is supported by autopsy studiegesiing
that at death perhap0-50% of the 3 cells have been lost
after many years of diseass.|

It is commonly believed that oral hypoglycemic atgen
(OHA) start failing at the end of 5 year3,[suggesting the
onset of significant beta cell loss. However, clinical
practice we do see a fair number of patients innwli@HAs
were still working at the end of 10 years. Basedtlom
above contradictory findings, we decided to stuthg t
concept of clinical B cell dysfunction/secondary OH
failure in type 2 diabetes patients of more thanyg@rs
duration in a tertiary care hospital.

Y. Rao
yashwanthrao2000@gmail.com
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Materials andmethods
Study design
This was a non-intervention and observatioratys A

retrospective analysis of the management of alttses of
type 2 diabetes mellitus of more than 10 yearsusatibn

during the year 2005-2008 was done at KMC hospital,

Manipal. After taking permission from the Institutial
Ethics Committee (IEC) to carry out a druglization
study, permission was obtained from the medicaksop
tendent (MS) of KMC hospital to study all the filektype
2 diabetes mellitus cases of more than 10 yearidara
from the medical records section.

Study parameters

The following data were obtained from the amoous
patient records through a specifically designediqrma:
demographic data, current prescription, initiad alatest
fasting blood glucose (FBG), initial and latest {poindial

Distribution of the various study groups

o1
w2
O3

049, (29%)

@106, (62%)
|15, (9%)

1 -0OHA
2 —Insulin
3 — OHA + Insulin

Fig. 1 Distribution of the various study groups

HbAlc 7-8% and Group 1c with HbAlc >8% (Talde
The overall mean age and duration of the disease wa
58.72 years and 13.7 years respectively. The incielef

blood glucose (PPBG), initial and latest HbAlc, cocomplications is less in this group compared to dtieer

morbidity, concomitant medications. All the patierdand
the data was then divided into three groups: oyabhly-
cemic agents (OHA) only (group 1), insulin onlydgp 2),

two groups. The initial FBG and HbAlc values arsoal
lower in this group when compared to thdeottwo
groups. 40.56% of the patients in this group halgeved

OHA + insulin (group 3). Both males and females evera HbAlc of <8%. Out of these, 18.86% of the pasent

included in the study. For continuous variables/¢gsy-
lated haemoglobin (HbAlc), FBG, PPBG), the meaneal
+ SEM was calculated.

Data analysis

For the comparision of continuous variables betwten
three study groups, we used the ANOVA. Chi-squasetb
compare risks of other diseases and disorders.

Reslts

There were 170 patients with at least 10-year hystd

diabetes. 106 (62.35%) patients were only on OHAS
the end of 10 years (group 1), 15 (8.82%) patievese

only on insulin (group 2) and 49 (28.82%atipnts

(group 3) were on both insulin and OHAs (Fig. Their

clinical and demographic characteristics aieelgy in

Tablel.

Group 1
Of the 170 patients, 62.35% i.e. 106 patienesewon

oral hypoglycemics even after 10 years of diabetdss
group has been further divided based on HimAlc

have a HbAlc level between 7% and 8% and 21.69% of

the patients have a HbAlc below 7%.
Group 2

Of the 170 patients, 15 (8.82%) switched from OHA t
only insulin treatment and are on this therapy esihcyear.
The mean age of this group was 54.93 years. Thenmea
duration of onset of disease was 16.8 years wisicimost
similar to group 3. Among these 15 patients, 461v8d a
history of nephropathy, 33.3% had a history of falter,
26.7% had a history of retinopathy (Tal8g All these
conditions are significantly higher in this groupntpared
to the other group$p<0.005,p<0.0001,p<0.02 respec-
avely). The latest HbAlc level of 10.1% indicatespoor
glycemic control in these patients.

Group 3

Out of 170 patients, 49 patients (28.82%) switclrean
only OHA to a combination therapy of OHA and insuli
and are on this therapy since gmear.The mean age of this
group was 59.43 years and the mean duration oftafse
disease was 16.97 years. Out of these, 46.9% tmestay
of neuropathy and is significantly higher this group
compared to the other two groups (Talle The latest

values into Group la with HbAlc <7%, Group 1b with HbAlc level of 10.1% is similar to group 2.
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Table 1 Basic Clinical and

Demographiccharacteristicof \ariable

Group 1n=106)

Group An=15)

Group 3n=49)

type 2 diabetic patients enrolled
in the study Mean age (years)*

Mean duration of disease (years)*
Mean BMI*

Male (number,%)

Female (number,%)

Total cholesterol (mg/dl)*

LDL-C (mg/dl)*

HDL-C (mg/dl)*

*\alues are mean + standard error Trigiycerides (mg/di)*

58.72+9.68
13.70+4.55
22.26+8.24
33 (31.1%)
73 (68.9%)
185.86:50.41
111.55:42.72
42.03:14.06
183.33:160.07

54.93:9.07
16.80+5.79
19.77+8.51
11 (73.3%)
04 (26.7%)
142.16:34.02
133.70:173.75
38.16+11.22
105.33:41.8

59.43:8.07
16.97+5.65
21.58:9.14
29 (59.8%)
20 (40.8%)
177.93:52.95
118.03:109.85
38.27:12.60
177.15:99.10

of themean(SEM) andp>0.05

Discussion

This study describes the current status of patieiitstype

2 diabetes mellitus of more than 10 years durafidrese
patients were of the following three typ&3HA only

(group 1), insulin only (group 2), OHA + insulinrép 3).
Of the 170 patients, 106 i.e. 62.35% were only d#hAO
therapy even after 10 years of disease onset.drbigp of
patients were comparable in age distribution, domabf

diabetes and BMI with the other two groufps>0.05)
suggesting that the groups were not very diffeiierierms
of disease presentation. Lipid profile was alsonfbto be

with HbAlc <8%. Only neuropathy at a rate of 4.75&s
been observed which is much lower when compareallto
the other groups.

In group 1, 59.44% of patients were not on inselen
though these patients have not achieved an Alessfthan
8%. The causes of secondary OHA failure include-non
compliance, weight gain, declining beta cell fuonti
infection and the use of diabetogenic drugs such as
glucocorticoids, thiazides, and beta blockefls However
we did not find any of these factors in our patient
Regarding concomitant medications in our study &h8#o
and 12.3% of the patients in group 1 were on hydro-

similar in all groupgp>0.05). However complications such chlorthiazide and beta blockers respectively (Ta)leThe

as nephropathy, retinopathy and foot ulcers wasddo be
significantly higher in the group 2p=0.0005) when
compared to the other two groups (TalBg These
complications were probably the main reason foitcving
to insulin in this group. It is also to be notedtththese
complications make control of diabetes difficin this
group as suggested by the higher HbAlc.

Secondary failure of oral hypoglycaemic agentsingef
by latest HbAlc equal to or greater than 8.0%, madimal
treatment with oral hypoglycaemic agents or an egate
glucose-lowering effect of oral drugs after anialigood

percentage of patients on these drugs is consilyenaiher
in group 2 possibly due the higher incidence of cafities
requiring these drugs, and the mild extent of tfiece of
these drugs in the alteration of blood sugarshérest, the
natural course of the disease with declining betdl c
function could have been the cause of OHA failure.
Regarding the patients who were not on insulin even
when blood glucoses were not optimally controlled
(HbAlc >8%, Table2), it was found that insulin was
advised in all of them by the treating physiciamut Bhe
patient either could not afford the therapy, amguested to

response4-6]. In our study 40.56% of patients in group 1try oral drugs for longer period, or refused inautiecause

had HbA1lc of less than 8%. We found certain facitoisur

of fear of injection, or inability to take injectis due to

study that made these patients to continue on oral

medication even after 10 years of disease, notdblyer
initial FBG levels, lower incidence of comgdiions
probably suggesting that this group of patients aldler
disease to begin with. Complications like retindyyat
nephropathy and foot ulcers are not at all seegréaup 1

Table 2 Distribution of patients in the Grougnt106) based on the
HbAlc Levels

Table 3 Complication status in thariousstudy groups

Complication Group 1

Number (%)

Group 2
Number (%)

Group 3
Number(% use)

Neuropathy* 21 (19.8%) 05 (33.3%) 23 (46.9%)
Nephropathy** 17 (19%) 06 (46.7%) 03 (6.1%)

Retinopathy*** 10 (9.4%) 04 (26.7%) 12 (24.5%)
Foot Ulcers**** 03 (2.8%) 05 (33.3%) 06 (12.2%)

HbAlc< 7
(group 1a)

HbAlc 7-8
(group 1b)

HbAlc> 8
(group 1c)

23 (21.69%) 20 (18.86%)

63 (59.43%)

*p=0.002 between the three groups by Chi-square test

**p =0.0005 between the three groups by Chi-square test
***n =0.02 between the three groups by Chi-Square test
**+*n =0.0001 between the three groups by Chi-Square test
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Table 4 Comparision of the ]
various study parameters in the Variable

Group 1n=106)

Group An=15) Group 3n=49)

various groups

Initial HbAlc (%) 9.4+2.66 10.03t2.65 10.7+3.04
Latest HbAlc (%) 8.82+1.86 10.10+2.68 10.10+2.98
Initial FBG (mg/dl) 185.1+87.73 198.53:69.92 192.66:101.81
Initial PPBG (mg/dI) 250.91%104.39 242.15:171.84 292.66:122.74
Latest FBG (mg/dl) 144.12:61.38 153.6%:69.23 129.02644.43
Latest PPBG (mg/dl) 206.28:71.50 205.00:77.75 201.34:85.83
HbALc (<8%) 43 (40.56%) 4 (26.7%) 12 (24.48%)

social circumstances. When we analysed

thation of insulin therapy. It was found that switchdad a

complica- tions in group 1c (Tabf, who needed insulin higher HbAlc. Similar findings are also seen in etudy
but did not take it, we found a rate of 12.69% fowherein 73.3% of patients on only insulin theramad ha

neuropathy, 6.34% for nephropathy and retinopading
4.76% for foot ulcers which is less than what igrsén

HbAlc of more than 8% (Tablg).

group 2 & 3. This may be due to the fact that thes€ontrol of glycemia in various subgroups

patients had milder disease to begin with.

After 9 years of follow-up in the United Kingdom UKPDS has shown that more intensive managemenhgimi

Prospective Diabetes Study (UKPDS), 30% of theepisdi
had switched over to insulin treatmefi}. [Contrary to this
in our study, only 8.82% of the patientsreveon only
insulin at the end of 10 years and 28.82% of thiepts
were on insulin as an add-on therapy to oral hyysghics
after 10 years.

for near-normal glucose levels reduces the riskliabetes
related complications, particularly microvasculasedse
[10]. The latest FBG and PPBG levels ©44.12t61.38
and 206.28t 71.50 in our study in group 1 supports this. In
this group, 59.43% of patients had Alc >8% whileB586
of patients had a fair control with Alc between @fd 8%

The American Diabetic Association (ADA) recommendgTable 2). However, 21.69% of patients had excellent

the use of insulin as an add on therapy in patievits
either do not achieve glycaemic goals with metforaione
or metformin and SU together, as tier 2 or tieh&apy B].
This recommendation was followed in 28.82% of pate
in whom insulin was added to OHAs for control obddl
glucose. Patients who switch over to insulin thgrdpe to
secondary failure are younger at diagnosis, maguiently
suffer from depression, acute myocardial infarctityoid
disorder, atrial fibrillation, and retinopathy ahdve higher
HbAlc and total serum cholesterol valu&. [Following
initial therapy with oral hypoglycemic medication the
population, switching to insulin occurred at a raté.84%
per year. Switching to insulin was associated vii#ing
younger, male, having low BMI and higher HRAGoddijn
[6] studied prospectively a cohort of type 2 diabpttients
referred by GPs to an outpatient department fossiciem-

Table 5 Rate of complications in the Groupn¥106) based on the

control with Alc <7%, and these patients represktiiese
who did not need any more drugs. Glycemic contiahie
group 3 was poor with Alc of 10.1%, as these p#tibad
advanced disease with complications. It is inevéab
however, that an increasing number of type 2 ptieiith
over 10 years of DM will need to be started on limsto
achieve the recommended goal of HbAlc of [P4.
Contrary to this, we observed that primary reason f
starting insulin is comorbid conditions especiaigphrop-
athy in our study.

At present OHA failure is recognized when plasma
glucose values above 10 and 14 mmol/l, (equivakei30
and 252 mg/dl) are constantly observed in the rfgsstate
and 2 h after breakfast during treatment witHAQ at

Table 6 Concomitant medication use in the varistusly groups

Generic name OHA only Insulinonly  OHA + Insulin

group% use group% use group% use

HbAlc level

Complications HbAlc < §1=43) HbAlc > 8(n=63)
Neuropathy 4.65% 12.69%
Nephropathy 0 26.98%
Retinopathy 0 15.87%
Foot ulcers 0 4.76%

Hydrocholthiazide ~ 03 (2.8%) 05 (33.3%) 23 (46.9%)
Beta Blockers 13 (12.3%) 07 (46.7%) 03 (6.1%)
ACEI/ARBs 25 (23.6%) 04 (26.7%) 12 (24.5%)
Statins 17 (16%) 01 (6.7%) 09 (18.4%)
No. of OHAs 1 35.8% - -

51.9%

10.3%
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maximal doses which have been effective for attléasl 3.

or 2 years 12]. Even though 59.44% of the patients in the

OHA group have a HbAlc of >8%, the latest FBG and,

PPBG levels of 144 and 206 mg//dl is well below éheve
mentioned range (Tabl®.

As type 2 diabetes mellitus advances, tharlye
failure rate of this therapy following an optimalitial
response is approximately 5-10% and increases tiéh

duration of diabetes. The United Kingdom Prasie 6.

Diabetes Study found that 50% of normal amer-

weight patients failed to maintain HbAlc of <7%eaft -

3 years. But as demonstrated in the ADVANCE tried] [

in which the mean duration of diabetes is 8 years,

combination of OHAs can control blood glucose f

reasonable period of time (Tablgand6). 8
Contrary to usual belief, secondary OHA failure ntey

a late feature in our study since 40.56% of théepst are 9

on OHA with reasonable glycemic control evefier
10 years of diabetes. High initial PPBS, HbAlc,dicts
OHA failure [9]. These factors which have not been
evaluated in our study could have supported oudirfigs.
Most of the patients (>50%) in group 1 required-@ugps of
drugs for the glycemic control. It will be interegj to see
as to how long these patients will continue on OHA.

11.
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Type 2 diabetes can also be multigenerational like MODY
Viswanathan Mohn
Int J Diab Dev Ctries. 2011; 31:125-127

Type 2 diabetes (T2DM) is now known to compriseaof prevalence of MODY based on clinical criteria igtnig],
heterogeneous group of metabolic disorders. Thenmmom MODY 3 mutations were seen only in 9% of clitlica
garden variety of T2DM with onset in adult lifeasmulti- diagnosed MODY patients9] while another 3.4% had
factorial or polygenic disorder with multiple genesch MODY 1 [10]. In these reports, some novel MODY 3 and
playing a relatively minor role towards the ovenadk of MODY 1 mutations were also described. Thus it &aglthat
T2DM [1]. In addition, there is a large environmentalthe majority of clinically suspectddODY patients in India,
component. Familial aggregation of T2DM is well kg  either have other forms MODY or, they may in fact, have
and up to 40-60% of T2DM patients may have a familgn early onset form of T2DM.
history of diabetes in a first degree relati2g [This figure The phenotype of MODY 3 and MODY 1 is characterized
would obviously be higher if all the relatives weseeened by overt, and often severe, diabetgs4, 6, 7]. In contrast,
for diabetes rather than based on ‘known’ familstdry of MODY 2 due to glucokinase mutations, is a mildenfaf
diabetes. Multigenerational diabetes, with an autwd diabetes, often exhibiting just glucose intoleratiogared
dominant type of inheritance, is common in the ngmmic  glucose tolerance or impaired fasting glucosejs itisually
forms of diabetes like Maturity Onset Diabetestef Young asymptomatic and is picked up during routine sdneenf
(MODY) [3, 4]. Patients with MODY, typically have a children or pregnant womenl]. Tattersall's cases, obviously
diabetic parent and a grandparent, and often at grezrrying MODY 2 mutations, rarely progressed tobdia
grandparent on the affected parents side with eledy complications 12 while MODY 1 and MODY 3, being
suggestive of autosomal dominant inheritarfgle [MODY  more severe forms of diabetes were prone to develop
type diabetes, is now classified into at leastdinit types microvascular complications like retinopathy or imeppathy
(MODY-1 to MODY-6) based on the specific genetic[6, 13, 14]. Most forms of MODY areharacterizedby insulin
mutation involved, although newer MODY types conéin secretory defects and insulin resistance is lessramn [L5].
to be describeds| 7]. MODY 3 (due to HNF1« mutations) In contrast to MODY, early onset T2DM is a form of
is the commonest form of MODY followed by MODY-1 polygenic T2DM but with onset of diabetes at yourages.
(due to HNF-4: mutations) and together they are believed tvg \with classical T2DM, the predominant etiopathtige
comprise up to 75% of adult ondéODY among Europeans mechanism in early onset T2DM is insulin resistafic.
[3, 4, 6]. In contrast, among Asian Indians whilee th patients with early onset T2DM often have diabitesie or
both parents, but unlike MODY, multigenerationalnsmis-
\ Mohan sion through the affected parent’s side, @ss|common.
e-mail: drmohans@diabetes.ind.in Clinically, they tend to have features of insulisistance
such as obesity and acanthosis nigricans; in additeatures
of polycystic ovarian disease are quite commoniris gith
early onset T2DM16).
Till recently, it had been assumed that an autosoma
dominant transmission of diabetes, with the cla$situlti-
generational occurrence of diabetes, is rdsttido the
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monogenic forms of diabetes like MODY][ Recently, our
group reported a series of multigenerational aut@do
dominant form of diabetes in south Indian T2DM suks
[17]. The age at diagnosis of diabetes in the probavitis

require insulin and behave like type 1 diabetedDW1)] and
are called as LADAZ(Q]. The authors propose the new term
for their patients based on “heterogeneity” in thaical

presentation of T2DM. However T2DM is well knowrr fo

autosomal dominant multigenerational transmissidn dts marked heterogeneity; for example, young oeplage

T2DM in that series was above 25 years of age id9%7

of T2DM and above 45 years of age in 28% of T2DMsTh obese or non obese types; mild to marked insulin

is in contrast to MODY where the age at diagnasisdlow
25 years according to the classical definition d®DY by

at onset; presence or absence of family historgialbetes;

resistance; mild to marked insulin secretogfedt and

presence or absence of microvascular complications.

Tattersal and FajanS][ Thus we showed that mere presencéntroducing a new terminology of diabetes basedtlos

of multigenerational diabetes is not against ttagosis of
T2DM. In the same report, we also showed that theieno
difference in the clinical and biochemical [mfor the
prevalence of diabetes related complications, irDNI2
patients with multigenerational diabetes compared
T2DM patients without multigenerational diabetek?||
Another study from UK comparing family historiesSouth

clinical findings presented, is therefore clearhjustified.
However, the report undoubtedly shows the hetersigyen
in the clinical presentation of T2DM and undersesotiee
need for more detailed studies on T2DM in differetimnic
tgroups to fully characterize this complex disar It is
likely that as our knowledge of the etiopathogenic
mechanisms develop further, many cases preseragsiel

Asian and European T2DM subjects, also showed théed as T2DM, may well fall into newer types or egories
autosomal dominamhultigenerationatiabetes was common of diabetes and thus be removed from the “mixed’ lodg

among south Asians in the UK{].

The minimal criterion for autosomal dominant inkeance
is the occurrence of diabetes in two generatioltbpiagh
most families have at least three or more generatffected.
In those with autosomal dominant inheritance, bijnden,
only one of the parents of an affected probandd nee
affected. Therefore, considerable caution shouldxeecised
before defining a family in which both parents haliebetes
as a MODY family, because children who inherit autle
gene dose” of T2DM from both parents tend to hawvealier
onset of diabeted f].

In this issue of the 1IDDC, Irwing et allg] report on
what they term “Mosaic Pancreas” or “type 3 diabéte
Essentially this is a case report of three probdimis large
families of multigenerational inheritance of earbyset
T2DM in at least 3 generations, detected at thevéisity
Hospital of the West Indies, Jamaica during a streg
process for patients with MODY. The authors reploat all

the 6 MODY gene variants were absent in the three

probands. Islet cell antibodies were absent in Zhef 3
probands studied, but positive in one. The autpoopose
that these 3 cases could form a new type of diahetéch

they propose to call “Mosaic pancreas” or “type 3

diabetes”. While the cases described by the authozs
certainly of interest, it would be difficult to jtify labeling
them as a separate class of diabetes inabisence of
specific genetic or other diagnostic markers.e Grould

argue, that but for the presence of multigenerailion1

diabetes, there is nothing unusual about the bl
and 2 described in their report. Proband 3 with BA
positivity may well have Latent Autosomal Dialmetef
Adults (or LADA). It is known that some patients thvi
diabetes present with what initially looks like TiZDbut
they have ICA or GAD positivity. These patients etvelly

what is currently lumped together under type 2 efieb.
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Psychological impact of type-1 diabetes mellitus on parents:. an exploratory study from
North India
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Abstract Due to its early age of onset, type-lbeias in social, personal and cognitive domains ansb dhad

mellitus (T1DM) poses major burden of care on he t significantly poorer quality of life in the physicaealth,

family members, especially parents. To study thgclps-  psychological health and general well being domains

logical morbidity, social support, coping strategjikevel of Hence, it can be concluded that TIDM in childrerd a

dysfunction and quality of life in parents of suliewith adolescents leads to poor parental mental health.

type-1 diabetes mellitus. This study was carrietl iaua

tertiary care hospital with cross sectional desi§ifty Keywords T1DM Psychologicamorbidity- Coping:

parents of 50 subjects with TIDM were assessed Hyuality oflife - Social support

General Health Questionnaire (GHQ-12), Socigbpsrt

Questionnaire, Coping strategy check list, Dysfigrct

Analysis Questionnaire and WHO Quality of Life-BrefIntroduction

Scale. Those with GHQ scorx@ were interviewed in detail

by a psychiatrist to determine the presence/absehtiee  Type-1 Diabetes mellitus is a chronic disease ofddm

psychiatric illness. Mean (xSD) age of the childwas and adolescents arising due to autoimmune desiructi

14.09+5.43 years at the time of assessment dmd tbeta cells and results in severe insulin deficiemcy

age (meantSD) at diagnosis wa$0.3+5.16 years. Age hyperglycemia. Appropriate management of type-beties

(meantSD) of parents wa43.2+8.73 years. Mothers mellitus includes diet, exercise, insulin admirdgion and

(N=27) outnumbered fathe(s!=23). Nearly two-third of regular blood glucose monitorind][

parents (64%) had psychological morbidity. Of the 32 Due to its early age of onset, sometimes as ealy a

parents found to be GHQ positive, more than (fE17) infancy, the major burden of care of subjects falisto the

had diagnosable psychiatric disorder. Parents wiore family members, especially parents, who are noty onl

frequently used internalization and externalizatia® a involved in bringing the children and adolescemsthe

coping mechanism to overcome the stress of chitnéss hospital for consultation, but are also involvedaiiminis-

in their children suffered from psychologicabridity. tration of insulin and overall management. Mis has

Parents with psychological morbidity had more dgstion  impact on daily family functioning and manageme#7].

In fact type -1 diabetes mellitus is considered damily

enterprise rather than individual’s responsibility.

S. Grover Being a chronic illness, type-1 diabetes il is

e-mail: drsandeepg2002@yahoo.com also associated with lot of stigma].[In addition,
parents also experience substantial anxiety, shamief,
guilt [9] and financial hardships. Hence, the parents of
these subjects have to not only cope with thetfzatttheir
children are diagnosed with a chronic life long madt
iliness, but also have to fight out the stigma amdrcome
their guilt, shame and grief. All these fatiake the
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parents of subjects with diabetes mellitus vulnkraib

psychological stress and morbidity. Studies havewsh
that maternal psychological adjustment problems.,(i.
distress) are associated with maladjustmenthidren

with chronic health conditiongl[].

Against this background we aimed to study the psych
logical morbidity, social support, coping strategikevel of
dysfunction and quality of life of parents of chidth and
adolescents with type-1 diabetes mellitus attendang

rated on a five point scale and gives a possible
disability score range of 46—100 for individual dains
and 206-500 for the total, a higher score indigatin
higher dysfunction. It has been found to have good
validity and reliability (test-retest reliabilityfd.77—
0.92 for various domains). This self-administered
questionnaire in Hindi language provides norros f
the local population and has been widely used dialn
on different clinical populations.

tertiary care hospital in North India. 4. WHO Quality of Life Scale-Bre{WHOQOL-B):
WHOQOL-B is a self-administered psychometrically
sound cross-cultural instrument developed in 15resn
. across developing and developed countrigs. [It is a
Researctdesign andmethods shorter version of the WHOQOL 100 item scale. The
Settin generic scale is available in Hindi languads]] it
9 provides the subjective (rather than the objective)
This cross-sectional study was carried out at tstgPaduate evalugtpn of the QOL in the past 2 weeks fqr four
. . . domains: physical health, psychological health,iaoc
Institute of Medical Education and Research [[PER), . . . . :
) ; Lo . . . relationship, and environment and three items fogmi
Chandigarh, (India) which is a multi-specialieaching . . :
. . - . . the general well being domain. The 26 items areesto
tertiary-care hospital providing service to a magoea of . .
North India 1-5 to give domain scores and a total score rafige o
' 26-130, a higher score indicating a better quadity
life.
Instruments 5. General Health Questionnaire-12 (GHQ-12): GHX-

The following instruments were used:

1. Social Support Questionnaire (SSQ)][ SSQ is a
Hindi language adaptation of Social Support Questio

naire [L2] and assesses the perceived social support. It

is a self-rated instrument. It has a test-retdihidity
of 0.59 and correlation with clinician’s assessmat
0.80 and correlation with items of social suppooinf
Family Interactions Pattern Scal&3[ at 0.65. The 18
items of the scale are rated from 1 to 4, with aspale
range of 1-72. A higher score indicates betteradoci
support.

2. Coping Strategies Chekist—Hindi (CSCL) [14]: It is
a self-administered yes/no checklist with high ateili-

is a derivative of General Health Questionnaire ,—60
which was developed as a valid and reliable self-
administered screening measure for psychological
problems in primary care and community seggin
[19]. GHQ-12 used in the present study is based on
the Hindi translation of the 60-item Generalalie
Questionnaire that has been standardized in Indl a
in Indian populationZ0, 21] and has been used in our
center earlier in research with patients suffenmith
acromegaly and Cushing diseas2?,[23]. In the
present study, to define a case with possible pajrah
morbidity a score2 was used. This is because GHQ
scores of 1 or 2 are considered as the best catoff
threshold for psychiatric diagnosia4].

ity. It lists coping strategies used by peopleéaldvith 6. International Classification of Diseases-1@kision
the situations which trouble them. The checklistere (ICD-10) [25]: ICD-10 was used to arrive at the clinical
all stressors and is not disease-specific. The 36 diagnoses based on a detailed psychiatric assessmen
strategies have been factored into five factorsiale

internalize, externalize, emotional outlet, and eang\

higher score indicates greater use of coping sfiede Procedure

It was translated into Hindi with Cronbach’s alpdia

0.64 in our centre. The scale has good face vgliditAll the subjects diagnosed with type-1 diabeteslitosl
inter-rater reliability, internal consistency aageement attending the clinic with their parents who wereaived in
between English and Hindi versiorig]. the care of children and adolescents were eligibtethe
Dysfunction AnalysiQQuestionnaire (DAQ)16]: It was  study. They were explained about the study and trdge
developed at our centre and it assesses the dyisiunc children and adolescents who themselves and theamps
as compared to the pre-iliness level of fiomihg provided written informed consent were recruitedtidlly

across five domains—social, vocational, personathe sociodemographic profile and the clinical geofiheets
family and cognitive. The scale consists of 50 gemwere filled. Thereafter, the parents were assesse@HQ-
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12, SSQ, CSCL, DAQ and WHOQOL-Bref on the sameacore of 2 or more were classified as GHQ positine

day, over a maximum of two sessions of 1-2 h eahlty
two parents with GHQ scoee2 were interviewed in detail
by a Consultant Psychiatrist who used ICD-10 detéo
determine the presence/absence of the psychilingss.
Fifty parents were recruited for the study. Thosentl to
have a psychiatric disorder were offered treatment.

The study was approved by the institute etbh@amittee.

The data was analysed using SPSS{dscriptive
analysis was computed in terms of mean statgdard
deviation with range for continuous variables &mdjuency
with percentage for ordinal and nominal variableata
was compared using Chi-square test, t-test Mann
Whitney test wherever appropriate. Pears@rsduct
moment was used to study the relationsh@iween
psychiatric morbidity and coping, social suppoetyél of
dysfunction and quality of life.

Resuts
GHQ scores of parents

Of the 50 parents assessed, 32 scored 2 or maBeoeral
health questionnaire and 18 scored 0 or 1. Thode®HQ

those with a score of 0 or 1 were clasdifas GHQ
negative.

Sociodemographic and clinical profile of subjects
with type-1 diabetes mellitus

The mean (+SD) age of the sample W&s09+5.43 years
(range 9 months to 18 years) at the time of assssamd the
mean (£SD) age at diagnosis Widk3+5.16 years (range 4—
20 years). Nearly two-third of the subjects weréer{ld=32;
64%). There was no statistically significant diffece in the
mean age (xSD) of patients (GH@psitive-10.9%5.66;
GHQ negative9.7+4.91; t value 0.565, p value — 0.575),
age at diagnosis of diabetes mellitus (Gpi6gitive-13.6%
5.62; GHQ negative- 14.88 +5.13; t value -0.77Yajue —
0.441) and gender distribution (male patients #22he
GHQ positive parents and 11 in the GHQ negativemntar
group; Chi square- 0.87).

Sociodemographic profile of parents (Tal)e
The mean (+SD) age of parents w&&2+8.73 years.

Mothers(N=27) outnumbered fathe(l =23). Slightly less
than half (48%) were educated beyond 10th standadd

Table 1 Sociodemographic profile of parents: whgsteup and GHQ positive & GHQ negative subgroups

Whole group(N=50)

GHQ subgroups

GHQ positive(N=32)

GHQ negativéN=18) t value/Chi- Square value

Age in years (Mean + SD) 43.24+8.73 42.06£8.94 45.33:8.16 -1.27
Gender

Male 23 (46%) 13 (40.62%) 10 (55.5%) 1.03
Femalt 27 (54%, 19 (59.38% 08 (44.5%

Education

Less than 10th standard 26 (52%) 15 (46.87%) 11(61.11%) 0.935
10tk Standard ¢ more 24 (48%, 17 (53.13% 07(38.89%

Occupation

Employed 29 (58%) 17 (53.13%) 12 (66.66%) 0.867
Housewife 21 (42%, 15 (46.87% 06 (33.33%

Family type

Nuclear 31 (62%) 20 (62.5%) 11(61.11%) 0.009
Non-nuclea 19 (38%; 12 (37.5% 07(38.89%

Religion

Hindus 26 (52%) 16 (50.00%) 10 (55.5%) 0.142
Non-Hindus 24 (48%, 16 (50.00% 08 (44.5%

Marital statud

Currently living with spouse 46 (92%) 30 (93.75%) 16 (88.88%) 0.612
Widowec 04 (8%) 02 (6.25% 02 (11.12%

Locality

Urban 37 (74%) 24 (75.00%) 13 (72.22%) 0.046
Rura 13 (26%, 08 (25.00% 05 (27.78%

@ Fisher exact value
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more than half of the parents were Hindus (52%})leyed coping skills of mothers and fathers were pared in
(58%) and came from nuclear family (62%). Nearlseds  parents with psychiatric morbidity (diagnosable giggtric
fourth (74%) of the sample belonged to urban bamligd disorder), it was seen that mothers more frequemndlyd
and most of the parents were living with their sgmuAs internalization (t value 3.131=0.007) and externalization (t
shown in Tablel, there was no significant difference in thevalue 2.93;p=0.01) as a coping mechanism as compared to
various sociodemographic variables of the GHQ pasit fathers.

and GHQ negative parents. Similarly GHQ positive parents also scored signifi-
cantly higher on the social, personal, cognitivel aotal
Psychological profile of parents (Tatitg dysfunction score compared to GHQ negative parents

suggesting that GHQ positive parents experiencgtdhmi
Parents who scored higher on GHQ (i.e., GHQ pasitivdysfunction in these domains and had ovehadjher
group) had higher total scores on almost all thealas of level of dysfunction. On WHO-QOL Bref GHQ positive
the coping checklist and total score of coping &hist; but  parents had significantly poorer quality of life ihe
the significant difference emerged only on the dowm@f physical health, psychological health and generall w
internalization and externalization. When we corepathe being domains. In other domains also QOL vpa®r
coping skills between mothers and fathers, it weenghat but was not significant statistically. There was no
mothers more frequently used externalization a®@ing difference in the social support questionnaire ssor
compared to fathers (t value 0.2§6;0.004). Further when between the two groups.

Table 2 Psychological profile: whole group and Gpi6gitive & GHQ negative subgroups

Whole group(N=50) (Mean * sd) GHQ subgroups

GHQ positive(N=32) GHQ negativéN=18) t value/Mann

(Mean = sd) (Mean + sd) Whitney U
Social Support (SSQ) 53.66£9.64 52.06t10.53 56.50t7.25 -1.58
Coping (CSCL)
Denial 7.60+£2.10 7.91+2.20 7.06£1.83 1.38
Internalize 5.14+3.03 6.38+2.76 2.94+2.12 4 54xx+
Anger 3.18+1.38 3.28+1.44 3.00£1.28 0.688
Externalize 1.72+1.17 2.09+1.20 1.06+0.80 3.27*
Emotionaf 0.88+0.89 0.88+0.90 0.89£0.90 285.00
Total 18.46.2:4.28 20.53+3.38 14.78:3.09 5.93%*
Dysfunction (DAQ)
Social 49.00t17.47 55.25t18.90 37.89t4.96 3.80%**
\bcational 44.59%11.26 46.88t12.56 40.52£7.09 1.97
Personal 48.71£11.37 51.60+12.05 43.56£8.01 2.52*
Family 43.07+10.50 44.07+8.71 41.29£13.20 0.89
Cognitive 43.52+7.81 45.38+8.80 40.22¢4.05 2.33*
Total dysfunctionscore 228.88:49.43 243.1*52.84 203.47#29.73 2.92*%*
Quality of life
Physical health 25.86t4.69 24.44+4.77 28.39+3.36 3.09**
Psychological health 20.70£4.00 19.47+3.81 22.89+3.41 -3.15*
Social relationship 11.16£2.33 10.69+2.33 12.00+2.14 -1.96
Environmental health 27.88t4.64 27.28:4.84 28.94+4.19 -1.22
General well-being 6.70+1.11 6.44+1.13 7.17£0.92 -2.32*
Total 92.30t12.50 88.31+12.39 99.38+10.27 -3.21**

*p<0.05,**p <0.01,***p <0.001. SSQ Social Support Questionnaire, CSCLi@ppirategies Check List—Hindi, DAQ Dysfunction Ayss
QuestionnaireWHOQOL-B WHO Quiality of Life Scale-Bref

& Mann Whitney U value
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Table 3 Correlates of GHQ scores for subjects WittQ score of 2
o} r
mote—

\ariables Pearson correlation coefficient

Coping (CSCL)

Internalize 0.490**
Dysfunction (DAQ)

Social 0.493**
\bcational 0.409*
Personal 0.489**
Familial 0.380*
Cognitive 0.403*
Total dysfunctiorscore 0.524**
Quality of life

Physicalhealth -0.632**
Psychologicahealth -0.538*
Total -0.580**

CSCL Coping Strategies Check List—Hindi,
Analysis

Questionnaire, WHOQOL-B WHO Quality of Lifec&e-Bref,
**p<0.01

DAQ Dysfunction

Psychiatric diagnosis of GHQ positive parents (@&l

All the GHQ positive parents were evaluated by alifjed
psychiatrist using a clinical interview for a pddsi
psychiatric diagnosis. Of the 32 GHQ positive p&setv
fulfilled the ICD-10 criteria of a psychiatric diagsis. Of
the various psychiatric diagnoses made, 15 p&rbad
adjustment disorder and two had dysthymia. There na
difference in the psychiatric morbidity between hes and
fathers; nor was there any difference in the matpias per
gender of the patient.

In the GHQ positive group use of internalizationaas
coping strategy, dysfunction in all the domains DAQ
and poor quality of life in psychological amghysical
health domain and total QOL scores correlatath
GHQ scores (Tablg).

Discussion

Of the 50 parents who participated in this stuéwgrty two-
third (64%) had psychological morbidity. Of the Barents
found to be GHQ positive, about half (nearly onidtlof
the total) had diagnosable psychiatric disorderisTh
suggests that parents of subjects with type-1 dégbe
mellitus suffer from a significant psychological rbality
which needs to be addressed.

It is known that parental mental health, especialI@Cknowmd@lment

maternal mental health is an important determinafnt
outcome of chronic medical conditions in chéldrand
adolescents. This was an exploratory study whiofedito

study the psychological impact of type-1 diabetedlitas

on parents of subjects with diabetes mellitBging an
exploratory study we did not aim to study the rielahip
between the psychological morbidity of parents and
treatment outcome of type-1 diabetes mellitus.

Coping involves the use of cognitive and behavioral
strategies to deal with the demands imposed by the
stressful experience. We found that parents whoemor
frequently used internalization and externalizatias
coping mechanisms to overcome the stress of chronic
iliness in their children suffered psychological niiality.
Internalization as a coping mechanism is understasd
a maladaptive coping in which a person blames feelf
all the wrong things, which can lead to gisypathol-
ogy. Similarly excess use of externalization asogimg
mechanism can also be maladaptive and hawe
impact on the patients. As there are nodist that
have used coping strategies check list imema of
subjects with diabetes mellitus we are radtle to
compare our findings with the existing literature.

Further it was seen that parents with psychological
morbidity had more dysfunction in social, peraloand
cognitive domains and also had significantly poayeality
of life in the physical health, psychologida¢alth and
general well being domains.

In the correlation analysis it was seen that higBEIQ
scores were associated with internalizationaagoping
strategy, dysfunction in all the domains on DAQ gubr
quality of life in psychological and physical héattomain
and total QOL scores. These findings suggest tigtten
psychological morbidity leads to poor QOL ahiher
level of dysfunction in parents of subjectghwtype-1
diabetes mellitus. These findings suggest thathpsggical
morbidity leads to increased dysfunction needirigical
attention.

Being an exploratory study, our study was limited b
small sample size, purposive sampling and lack of
assessment of severity of diabetes in the patidatg, of
a control group and lack of assessment of relatipns
between parental psychological morbidity and outeah
children’s physical illness. We also did not assesgcho-
logical problems if any, in children, family funetiing and
family conflicts.

To conclude, our study suggests that type 1 thsbe
mellitus in children and adolescents leads to pmerental
mental health especially maternal mental healtinddet is
important to develop liaison services for assessraed
management of psychological morbidity in parentsl an
subjects with type-1 diabetes mellitus.
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Abstract Plasma fibrinogen is higher in diabetibjects, fibrinogen and glycemic parameters, insulin ordgiPlasma
but it is not clear whether its levels differ intigats with  fibrinogen levels increased progressively from oast to
or without existing macrovascular disease (MVD) andliabetic subjects without MVD and to those with MBd is
whether it has any relationship with endotheliahdiion an independent risk factor for atherosclerasisdiabetic
as determined by flow mediated dilatation (FMD);ot&l  subjects.

intima media thickness (CIMT) and lipids. Tstudy

plasma fibrinogen levels and their relationship hwit Keywords Diabetemellitus- Fibrinogen Macrovascular
endothelial functions, CIMT and dyslipidemia fgpe 2 diseaselntima media thicknes$-low mediated dilation
diabetic patients with and without macrovascularedse,

twenty six diabetic subjects and thirteen matchedlthy

controls were recruited for the study. Subjectsewgivided Introduction

into group I—with MVD, grougl—without MVD and group

lll—healthy controls. Fasting blood was analyzend Diabetes mellitus (DM) is a pro-thromboticndition
radiological studies were performed. Statisticallgsis was and diabetic subjects are at high risk of premature
done to find any correlation between study pararsete atherosclerosis 1H4]. Fibrinogen has been found to be
Plasmdibrinogenwassignificantly higheiin diabetic subjects an independent risk factor for macrovascular diseas
as compared to controls. Plasma fibrinogen wasfgigntly among the diabetic and non-diabetic subjedis5] 6].
higher in group | as compared to group Il. Plasimanogen The risk of coronary artery disease (CAD) increak&
levels correlated significantlywith CIMTand FMD in diabetic  fold with increase in every 100 mg/dl of fibrinogkvel
subjects. Naignificant correlatiomwas found between plasma [7]. A positive correlation has been found betweeaspla
fibrinogen level and insulin leve8], body mass index9]
and reduced HDL 1[0]. However, its association with
triglyceride levels has been inconsisteh®{13]. It is not
clear from the previous studies whether plasmarfdaen
levels differ in diabetic subjects with existing cna-
vascular disease from those without and whethdrag
any relationship in this group with surrogatearkers

of atherosclerosis namely, endothelial dysfunctamd
carotid intima media thickness (CIMT) as well as
dyslipidemia. Hence, this study was planned to stigate
plasma fibrinogen levels and their relationship hwit

\. Kumar . . .. ..

drvinoducites90@amail.com endothelial function, CIMT and dyslipidemia in paits
with type 2 diabetes mellitus with and without ara
vascular disease.
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Material andmethods

Twenty-six type 2 diabetic subjects with agwre than
30 years and duration of diabetes more than one wka
were non-smoker and did not have history of inbdrit
disorder of lipid metabolism, liver disease, endaediseases
affecting lipids (hypothyroidism, Cushings syndrnieyper-
tension and congestive heart failure and wereaking drugs
affecting lipid metabolism were recruited ftre study.
Thirteen non diabetic individuals who were age,ak body

Fibrinogen estimation

For the fibrinogen level estimation 14 h fagtiblood
was collected and 9 parts of blood was mixed withatt

of the Sodium Citrate (3.2%) solution. Blood was
centrifuged at 1000 rpm for 15 min. Plasmas
removed from the tube and was stored in plastie@gub
at —20°C. Fibrinogen level was estimated within did/s

of storage by clotting assay fibrinogen kit (Clguas per
the guidelines prescribed.

mass index (BMI) matched, who were non-smokers; non

alcoholic and did not have overt clinical eviden€eoronary
artery disease (CAD), cerebrovascular dise@®#DJj or
peripheral vascular disease (PVD) were recruitatbagols.

The subjects were divided into three studpups:

FMD study for endothelial function

Flow mediated dilatation (FMD) was performed instlidy
subjects by a high-resolution B-mode ultrasonogyaph

Group | (n=13)—subjects with type 2 diabetes mellitussystem (P-700, PHILIPS) having an electronic lineaay,
with macrovascular disease (CAD, CVD and PVD), grouhigh frequency transducer for superficial scannivith a
Il (n=13)—subjects with type 2 diabetes mellitus withoutnid-frequency of 7.5 MHz. The scanning was condiieie
macrovascular disease, group (H=13)—non-diabetic the gain setting at Time Gain Compensation (TGC)

healthy individuals. CAD was defined on the basfs oappropriate for superficial structures.

electrocardiographyECG) evidence of CAD; vizST-Tand

The endothelium function was evaluated, radioldbica

Q-wave changes, treadmill test (TMT) evidence foby measuring flow mediated vasodilations (FMD) bé t

reversible ischemia or angiographic evidenéeCaéD.
CVD was defined on the basis of history of disgptb
stroke and PVD was defined on the basis of historg
clinical examination and ankle/brachial inde®.9.

Study design

right brachial artery. The validity of this methbds been
confirmed previously 14]. Brachial artery ultrasound
studies to determine FMD, was performed in a dquiet,
temperature-controlled room. Subject was alloweckst in
the supine position for 10 min before the studygHi
resolution ultrasound machine equipped with a 7.8HzM
linear artery transducer was used. Longitudinahsa# the

After taking informed written consent, subjects ®er right brachial artery were taken 3.5 cm. proximalthe

recruited into the study and detailed history ahgsgal
examination was carried out for every subject asppe-
designed proforma. The subjects who were recruitddis
study were called after 14 h of fasting during whigater
intake was allowed. After thorough physical andtesysc
exanimation, blood was collected for various bioolual
parameters. Plasma was separated in all sdraples
by centrifuging it immediately after collection arstored
at -20°C for various biochemical estimatiomgluding
plasma fibrinogen. After withdrawal of blood sampillew
mediated dilation study for detection of endothdliaction

antecubital fossa with the probe positioned so thatbest
images were obtained.

Baseline brachial artery diameter (D-0) was meakure
Endothelium-dependent vasodilation was determineithé
maximal change in the diameter of the brdchidery
during reactive hyperemia, which was created bygiptaa
cuff on the forearm and inflating it to 250 mmHg ®min,
thereby occluding blood flow to the forearm. Theadimial
artery was scanned continuously for 30 s. befock @ s.
after the cuff deflation. The brachial arteryamieter of
reactive hyperemia (D1) was recorded. Flow mediated

and measurement of CIMT was performed. Patiente wevasodilation (FMD): (D1-D0)/D0x100 was used as a

allowed to take their usual breakfast and bloodpamas
drawn after 2 h for the estimation of postprangisma
glucose.

Biochemical estimation
Following fasting biochemical parameters were estéed

in all subjects—fasting and postprandial plasmecage,
glycated hemoglobin and complete lipid profiasting

measure of endothelial dependent vasodilation. egalof
flow-mediated dilation (FMD) expressed as the pefrce
diameter change of the brachial artery in respotwse
reactive hyperemia. An average of 3 consecutivesorea
ments were taken for each subject.

Carotid intima media thickness measurement

The intima media thickness of the carotid arteryswa

serum insulin was determined by radioimmunoassayus determined by a high resolution B mode US@%t&n

commercial kit from Diasorin INSI-CTK Kit.

(HDI 1500) having an electronic linear, higreduency



Int J Diab Dev Ctries

broadband transducer for superficial scanning witinid  history of CAD was present in 3/13 (23.0%) in suaige
frequency of 7.5 MHz. The scanning was conduaéed with macrovascular disease and 2/13 (15.38%) ibeatia
optimal gain settings at appropriate time Gain Cenga- subjects without macrovascular disease.
tion (TGC) appropriate for superficial structuresing Table 2 shows that fasting, postprandial plasma glucose
lowest possible PRF (Pulse Repetition and Freqyencgnd glycated hemoglobin were significantly higherbioth
power settings5]. It was measured at several areas alonthe diabetic groups (group | and Il) as comparedotatrols
the vessel wall including (1) the posterior aspetcthe (group lll). Fasting insulin levels were also higlie both
common carotid artery, (2) common carotid artefyriea- the diabetic groups as compared to controls. Howehis
tion, (3) anterior wall of internal carotid arter@T  reached statistical significance only for groupvsl group
measurements were quantified as the averagartefial Ill. Fasting level of HDL was significantly loweniboth
wall thickness (excluding segments involved witacqule).  the diabetic groups (group | and 1) as comparedoatatrols
(group 1lI). Fasting TC and LDL levels were signdntly
Statistical analysis higher in diabetic subjects with macrovascular alége as
compared to controls.
The data were expressed as meantSD for all they stud Figure 1l shows plasma fibrinogen concentration which
groups. The significance of difference wadedmined was significantly higher in diabetic groups (Grduand 1)
using ANOVA followed by Tukey's test and coaBbn as compared to control (group llI). Furthermoptasma
between different parameter was determined byrsBea

correlation coefficient.
Table 2 Biochemical parameters in theee study groups

Group | Group Il Group Il p-value
Reslts Mean+SD mean+SD  mean+SD

As seen in Tabld, all the three study groups are age, sekasting plasma ~ 157.2:45.3 145.9:46.2 84.8t9.8 a0.05

and BMI matched. Central obesity as indicated bystva glucose (mg/di) b<0.001
was significantly higher in the both diabetic greupith €<0.001
(p<0.001) and without macrovascular disegse0.001) Post-prandial 250.2641.2 227.1+74.9 113.8t9.0 a>0.05
when compared with controls. However, waist measure p'aslré‘la glucose b<0.001
ment was not significantly different between thds® (mg/d) €<0.001
diabetic groupgp>0.05). The prevalence of hypertensionGlycated 8.6+t19  85t1.6  6.1£t0.98 &0.05
7/13 (11.53%) and family history of diabetes 4/13 hemoglobin (%) b<0.001
(30.76%) was equal in both diabetic groupsmily €<0.001
Fasting serum 8.3t4.9 10.8+6.5 45+2.6 a0.05
Table 1 Demographic profile of the patients intiiee study groups  insulin IU/ml) b<0.001
Group | Group Il Grougpll p-value =0.013
mean+SD mean+SD mean+SD Total cholesterol  186.3t42.2 153.1+20.4 163.6t11.6 a>0.05
(mgy/di) b=0.008
Age (years) 54.5£9.5 54.6£7.4 51.1¥9.7 a>0.05 c>0.05
::g:g: Triglyceride 145.0+85.3 93.3+25.8 95.8£22.4 a>0.05
. . . . (mgy/di) b>0.05
Male:Female 1:3.3 (3/13)  1:3.3(3/13)  1:3.3 (3/13)a>0.05
b>0.05 c>0.05
¢>0.05 HDL-C (mg/dl) 34.0t3.5 39.0t7.1 46.9t5.5 a>0.05
Duration of 7.3:5.4 4.6£3.6 NA a>0.05 b<0.001
diabetes (yrs) ¢=0.003
BMI (kg/m?) 23.5¢2.3 22.9+3.3 23,4621 a>0.05 VLDL-C (mg/dl) 29.0+17.0 19.6£5.1 19.2+4.4 a>0.05
b>0.05 b>0.05
¢>0.05 ¢>0.05
Waist (cms) 89.6 5.4 92.0414.6  78.245.2 a>0.05 LDL-C (mg/dl) ~ 123.:#40.6 96.2#23.£ 85..+10.6 80.05
b<0.001 b=0.004
¢<0.001 ¢>0.05
Group lvs Il = a, Group | vs Il = b, Group Il ¥8 = ¢ Group lvs Il = a, Group | vs Il = b, Group Il ¥8 = ¢

p>0.05 (not significant}p<0.05 (significant) p>0.05 (not significant}p<0.05 (significant)
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%001 488.6+41.9 among diabetic subjects, hyperfibrinogenemia wasre

5004 I 406.674.2 prevalent in the group with peripheral arterialedise than
i { those without, similar to observations in the présgudy.
400+ 1 Our study also found ascending levels of plasma
2615437 fibrinogen from healthy controls to the diabetigbgects
T without macrovascular disease and to those withroaac
200 L vascular disease. This suggests that the subgrotype 2
diabetes patients with higher fibrinogen levels associ-
100; ated with greater atherosclerosis amacrovasculadisease.
Plasma fibrinogen measurements may help idenkify
Group I " Group I " Group Il " subset of diabetic subjects with excess cardiovascisk.
Type 2 diabetes is believed to be a prothrombdétesand
studies have shown increased PAI-1 activit&3-P2] and
fibrinogen concentration was significantly higherdiabetic consequent suppression of fibrinolysis in them. étyp
subjects with macrovascular disease (Group |) aspaced fibrinogenemia seen in type 2 diabetes could batedlto
to those without macrovacular disease (Group ). this suppression of fibrinolytic activity. Fibrineg is
Table 3 shows that plasma fibrinogen levels have #&elieved to be a marker of inflammatio2B[ 24] and
significant correlation with CIMT and FMD iniabetic hyperfibrinogenemia of diabetes may be secondarth¢o
subjects as a whole as (group | and group Il coetimvell associated underlying chronic inflammation.
as in those with macrovascular disease (group I). The present study found significantly greater FMD-
FMD in diabetic subjects with macrovasulasedise endothelial dysfunction and CIMT in diabetic sultgewith
(5.7£6.1%) was significantly lower than diabetic sulbjec macrovascular disease as compared to those without
without macrovascula22.7+10.0%) disease and healthymacrovascular disease as well as healthy centBdth
controls (24.7+5.3%), but no significant difference wasthe surrogate markers of atherosclerosis, had gtron
found between diabetic subjects without macrovascul correlation with plasma fibrinogen levels in diabet
disease and healthy contra@MT was significantly higher subjects as a whole as well as in those with masavar
in diabetic subjects with macrovascular disegk8471+  disease. ARIC studys] and CARDIA study §] also found
0.4911 mm) as compared to those without macrovasculthat plasma fibrinogen had a positive cotiefa with
disease(0.2538:0.4542 mm) as well as healthy controlsCIMT among non-diabetic subjects. Martinez-Vila &.
(0.1664:0.2138 mm) [25] also reported that in adults without overt atlsete-
rosis, plasma fibrinogen had strong correlatiorhv@iMT.
Similarly, Allen et al. 6] found negative correlation
Discussion between plasma fibrinogen levels and flow mediated
vasodilation in non-diabetic subjects. It was sustee that
Fibrinogen has been found to be an independenfaistbr an elevated plasma fibrinogen may decrease theyart
for macrovascular disease in diabetic and non-di@abe responsiveness to certain vasodilatory signals ascshear
subjects I, 5, 6, 16-18]. The current study found that stress. The strong correlation of fibrinogen witthhCIMT
plasma concentration of fibrinogen was significamtigher and FMD endothelial dysfunction in diabetic patimt the
in diabetic subjects as a whole and it was evenemopresent study confirms the results of earlier ssidin non-
significant in diabetic subjects with existing maascular diabetic subjects and reinforces the role of fibgen as a
disease. Guardado-Mendozo et al. found tHainfigen cardiovascular risk marker in patients with diabet€he
significantly predicted silent myocardial infaratioin  mechanism by which plasma fibrinogen enhances cardi
diabetic subjects and it may identify individualgttwhigh ~ vascular risk are that it is an important comporterdecide
cardiovascular risk19]. Hotuajolo et al. 20] found that plasma viscosity]7], it mediates platelet aggregatia?g]

300

Plasma Fibrinogen (mg/dl)

Fig. 1 Plasma Fibrinogen levelstimreestudy group

Table 3 Correlation of plasma fibrinogen with FNDd IMT

Diabetic subjects (group | & II) Diabetic subjeetgh MVD (group 1) Healthy controls (group Il1)
r-value p-value r-value p-value r-value p-value
FMD (%) -0.879 0.000 -0.807 0.001 -0.042 0.908

CIMT (mm) 0.658 0.000 0.690 0.009 -0.434 0.211
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and it is an important determinant of fibrin formedring
thrombosis 29|, all of which promote atherothrombosis. It

would appear that plasma fibrinogen should be edéthin g

diabetic patients for a more accurate cardiovascrsk
evaluation.

Fibrinogen levels did not show significant corriglatwith
any of the glycemic and fasting lipemic parametessrall,
suggesting that the effects of fibrinogen on atbearosis are
independent of hyperglycemia or dyslipidemia. Fibgen
levels also showed significant correlation with patass
index and waist, which would indicate that obeggsticu-
larly centraladiposity andissociatedhsulinresistancenay be
associated with hyperfibrinogenemia found in dimbstib-
jects. Naosignificant associatiowasobserved betwegulasma
fibrinogen levels and fasting insulin levels aur study.
However, fasting insulin levels are affected byesal/other
factors among type 2 diabetic subjects and maytnuby
reflect only insulin resistance in them. Aarlierstudy in non-
diabetic subjects found a significant relatiopshietween
fibrinogen and insulin levels3[ 17]. Hyperfibrinogenemia
may thus mediate the atherogenic risk of obesityulin
resistance as well as diabetes. 1

In conclusion, hypercoagulable and atherothrombotic
state as indicated by plasma fibrinogen levels stbwa
progressive significant ascending trend from hgaftbn-
trols to the diabetic subjects without macrovascdlaease
and to diabetic subjects with macrovascular diseRlssma
fibrinogen levels have shown significant correlatiwith
surrogate markers of atherosclerosis, namely FMBoen
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thelial dysfunction and CIMT but did not show any17'

relationship with lipemic or glycemic parametersdan
athropometric markers of central obesity.

18.
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