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EDITORIAL

Diabetes mellitus and tuberculosis—a double whammy

S. V. Madhu'!

Published online: 27 May 2017
© Research Society for Study of Diabetes in India 2017

India has the second highest prevalence of diabetes mellitus in
the world with over 69.2 million diabetes subjects [1]. So also,
India accounts for a significant proportion of cases of tuber-
culosis in the world. It is also estimated that the highest num-
ber of cases of tuberculosis associated with diabetes are re-
ported from India and a large proportion of diabetic patients in
our country suffer from tuberculosis [2—4]. This suggests a
huge double burden of diabetes and tuberculosis in our
country.

The study by Hussain et al. from Odisha in this issue is
from Eastern India and reports that 14% of active tuberculosis
patients in the region have diabetes mellitus and a further 24%
have prediabetes. The authors also report that nearly half of
those detected with diabetes and over half of those detected
with prediabetes were unaware of their glucose intolerance.
The study thus underlines the need for and demonstrates the
feasibility of screening for early diagnosis and treatment of
diabetes mellitus if we have to improve tuberculosis-related
outcomes.

Prevalence of diabetes in patients with tuberculosis from
different states of India has varied from 11.6% in Punjab to
44% in Kerala [5, 6]. Southern Indian states (Kerala 44%,
Tamil Nadu 25%, and Pudicherry 29%) have reported higher
prevalence of diabetes mellitus in such cases as compared to
the Western (Ahmadabad 15%) or North Indian (Punjab
11.6%) states [5-8].

>4 S. V. Madhu
drsvmadhu @gmail.com

Department of Endocrinology, Centre for Diabetes, Endocrinology
and Metabolism, University College of Medical Sciences - GTB
Hospital, Delhi, India

The regional variation in the prevalence of coexistent dia-
betes and tuberculosis within India is both striking and inter-
esting. Whether this merely reflects the regional differences in
prevalence of diabetes within the country is unclear. Data from
INDIAB [9] indicates that the prevalence of diabetes mellitus
is lower in Maharashtra in the West and in rural Jharkhand in
the East compared to that in South and North India. However,
this does not fully explain the regional variation of cases of
diabetes and tuberculosis in the country, and it will be inter-
esting to investigate if other regional factors favoring the co-
existence of diabetes mellitus and tuberculosis have a role to
play.

The coexistence of diabetes mellitus and tuberculosis has
adverse consequences for both conditions. Diabetes predis-
poses to tuberculosis due to the profound effects of hypergly-
cemia on body defense mechanisms including suppression of
cell-mediated immune mechanisms [10]. It is also well known
that presence of diabetes mellitus also alters the way pulmo-
nary tuberculosis manifests and adversely affects clinical and
treatment outcomes [11]. It also results in slow conversion to a
sputum-negative state [12]. Similarly, the presence of active
tuberculosis leads to unmasking of higher levels of glucose
intolerance and poses serious challenges to glucose control
among diabetic patients. Tuberculosis is an important cause
of insulinization and hospitalization among diabetic patients
that also increases the cost of diabetes care besides affecting
quality of life in these patients.

The original article by Dwivedi et al. in this issue evaluates
the CT-based radiological manifestations of pulmonary tuber-
culosis among diabetic patients. The study confirms higher
prevalence of lower lobe consolidation and cavitary lesions
in them when compared to those without diabetes. The pa-
tients of tuberculosis with diabetes mellitus also showed
higher rates of endobronchial spread (57%) compare to non-
diabetic subjects (30%). The authors conclude that the
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presence of lower lobe consolidation or cavitation in a case of
pulmonary tuberculosis should alert the clinician to coexistent
diabetes mellitus.

While the association of diabetes mellitus and tuberculosis
poses a serious challenge to our efforts to control both dis-
eases, the coexistence of these two conditions also provides a
huge public health opportunity. Strategies for early detection
of diabetes and tuberculosis when they coexist with each other
will be critical in controlling the rising prevalence and impact
of both. National guidelines for bi-directional screening of
diabetes mellitus and tuberculosis when patients present with
either of these two conditions is a welcome step in this
direction.

There is also a need to undertake further studies particularly
cohort studies to unravel some of the missing links in the
coexistence of diabetes mellitus and tuberculosis. More im-
portantly, there is an urgent need to develop clinical practice
recommendations for diagnosis, prevention, and control of
diabetes mellitus—tuberculosis to facilitate a uniform and ef-
fective approach that will help contain this twin problem.
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Abstract Obesity, insulin resistance (IR), inflammation, and
progressive decline in pancreatic 3 cell function are major
features of type 2 diabetes mellitus (T2DM). We aimed to
investigate the effect of co-administration of celecoxib (CE)
with glimepiride (GL) in the treatment of obese T2DM pa-
tients. Body Mass Index (BMI), serum glucose, C-peptide,
lipid profile, adiponectin, tumor necrosis factor-o« (TNF-«),
visfatin, and leptin levels were determined in 40 obese T2DM
patients before and after treatment with GL alone or in com-
bination with a selective cyclooxygenase-2 (COX-2) inhibitor
CE for 3 months. Homeostasis model assessment of insulin
resistance (HOMAZ2-IR) and atherogenic index (Al) was cal-
culated. Increased levels of serum glucose, C-peptide, total
cholesterol (TCH), low-density lipoprotein (LDL-C), triglyc-
erides (TGs), visfatin, TNF-c, leptin, Al, and HOMA2-IR
shown in obese diabetic patients were significantly decreased
after co-treatment with GL plus CE compared to patients who
received GL alone. On the other hand, adiponectin levels
showed a significant increase after treatment. The obtained
results demonstrate that targeting inflammation using
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celecoxib with glimepiride improves insulin resistance, glyce-
mia, and inflammatory process in obese type 2 diabetics.

Keywords Visfatin - Celecoxib - Adiponectin - Leptin -
T2DM - Obesity

Abbreviations
BG Blood glucose
COPD Chronic obstructive pulmonary disease

COX-2 Cyclooxygenase-2
CVD Cardiovascular disease
ELISA Enzyme-linked immunosorbent assay

GIT Gastrointestinal tract

HDL-C High-density lipoprotein

HOMAZ2-IR Homeostasis model assessment of
insulin resistance

HOMA2-3  Homeostasis model assessment of beta
cell functionality

LDL-C Low-density lipoprotein

T2DM Type 2 diabetes mellitus

TCH Total cholesterol

TGs Triglycerides
TNF-o Tumor necrosis factor alpha

Introduction

Diabetes is a complex, heterogeneous condition associated
with beta cell dysfunction which is caused by many factors
(e.g., hyperglycemia/glucotoxicity, lipotoxicity, autoimmunity,
inflammation, adipocytokines, islet amyloid, incretins, and in-
sulin resistance) [1]. Obesity is a chronic and low-grade inflam-
mation that is involved in the pathogenesis of several chronic
diseases, such as type 2 diabetes [2]. Inflammation is a physi-
ological process characterized by elevated number of white

@ Springer



98

Int J Diabetes Dev Ctries (April-June 2017) 37(2):97-102

blood cells and increased levels of pro-inflammatory cytokines
in the circulation or tissue [3]. These proinflammatory cyto-
kines, produced by adipose tissue, known as “adipocytokines”
or “adipokines,” include tumor necrosis factor-& (TNF-c),
adiponectin, leptin, resistin, and visfatin [4]. Adipocytokines
have been implicated as active participants in the development
of insulin resistance and the increased risk of cardiovascular
disease associated with obesity [5]. Chronic cyclooxygenase-
2 (COX-2)-mediated inflammation seems to be involved in the
development of insulin resistance in type 2 diabetes mellitus
[6]. A previous study has demonstrated that COX-mediated
inflammation and oxidative stress has been related to type 2
diabetes mellitus (T2DM) in elderly men [7]. Moreover, anoth-
er report suggests that chronic COX-2-mediated inflammation
in fat is crucial for obesity-linked insulin resistance [8, 9].
Alpert et al. has shown that the selective inhibitors of COX-2
augment the rate of glucose uptake to the plasma membrane in
an insulin-independent manner [10]. The beneficial effect of
COX-2 inhibitor on insulin resistance is partial via indirectly
attenuating COX-2-mediated inflammation in adipose tissue
[9]. On the other hand, Coll et al. demonstrated that COX-2
inhibition could enhance palmitate-induced inflammation in
mouse [11]. However, the involvement of COX-2-mediated
low-grade inflammation in the development of insulin resis-
tance in obesity and T2DM remains controversial. Therefore,
the present study was undertaken to examine the effect of co-
administration of selective COX-2 inhibitors (celecoxib, CE)
with oral hypoglycemic agent (glimepiride, GL) on the devel-
opment of insulin resistance and increased inflammatory
adipocytokines in obese diabetic Egyptian patients.

Subjects and methods
Patients

Forty obese diabetic patients were enrolled in a controlled
random study from the Outpatient Clinics of Internal Medi-
cine Department, Tanta University Hospitals, Tanta, Egypt.
The protocol and potential risks and benefits of the study were
fully explained to each subject before he or she provided their
written informed consent. All experimental procedures
followed the ethical standards and were approved by the Hu-
man Ethics Committees of Tanta University. Subjects were
asked to maintain their usual dietary and physical activity
habits throughout the study. All subjects’ health status was
evaluated by a complete medical examination. Obese diabetic
patients (OD) (body mass index (BMI)>30 kg/mz) were ran-
domly assigned into two groups (n=20 each) using a
computer-generated random number: One group (OD-GL) re-
ceived glimepiride (2 mg/day). The second group (OD-GL+
CE) received glimepiride 2 mg/day plus celecoxib (100 mg
twice daily) for 3 months.

@ Springer

Study design

Patients accepted in the present study were fulfilling the
following criteria:

Inclusion criteria:

The selected diabetic patients control the serum glu-
cose level with glimepiride for at least 3 months before
the study. Age of the enrolled subjects, range from 30 to
65 years old. Glycated hemoglobin Alc % (HbAlc %)
level <10 and fasting serum glucose levels between 130
and 300 mg/dl.

Design of the Work

-

Obese
Diabetics (OD)
n=40

OD- CE+GL OD-GL
n=20 n=20
Exclusion criteria:

Subjects that were excluded from the study are those
with type 1 diabetes mellitus, pregnant women, unstable
cardiovascular disease (CVD), chronic obstructive pul-
monary disease (COPD), impaired liver failure, impaired
renal failure, smokers, findings of infection or autoim-
mune diseases or other chronic disease as determined
by history, physical examination, and screening tests. Di-
abetic patients with diabetic complication were also
excluded.

Assessment

Subjects’ height and weight were recorded and BMI was cal-
culated using the equation (BMI = weight (kg)/height (m)?)
[12]. Serum samples were obtained by centrifugation (10 min
at 3500 r.p.m.) and immediately frozen at —20 °C until analy-
sis. Fasting glucose determined using glucose oxidase method
[13]. HbAlc % was determined by ion exchange method [14].
Serum visfatin [15], TNF-« [16], and adiponectin levels [17]
were determined using enzyme-linked immunosorbent assay
(ELISA) kits. Serum C-peptide quantified using
immunoenzymometric assay kit [18]. Leptin serum level
was determined using ELISA Kit [19]. Homeostasis model
assessment (HOMA) was calculated using HOMA Calculator
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version 2.2, where, C-peptide values are used [20]. Triglycer-
ides (TGs) [21], total cholesterol (TCH), and high-density
lipoprotein (HDL-C) [22] were measured calorimetrically.
Low-density lipoprotein (LDL-C) was calculated [23]. Ath-
erogenic index (Al) was calculated using the following ratio
Al = log (TG)/HDL-C [24].

Statistical analysis

Data were analyzed using SPSS statistic 17.0 or Microsoft
Excel 2010. Values are expressed as means+SD. Statistical
analysis was performed according to the repeated measure-
ments of one-way analysis of variance (ANOVA) followed
by LSD as post hoc test. A probability P<0.05 was considered
statistically significant.

Results

All the patients completed the study with no major side ef-
fects. The only minor side effects were tinnitus and mild gas-
trointestinal tract (GIT) disturbances, which tended to be de-
creased with continuation of the treatment and disappeared
completely after stopping of celecoxib. In the present study,
BMI was not changed after 3 months of treatment in both
groups. Our results showed that fasting serum blood glucose
(BG), C-peptide, and HbAlc % significantly decreased after
treatment with GL+CE compared to treatment with GL alone.
HOMAZ2-IR significantly reduced after treatment with GL+
CE compared to treatment with GL alone. On the other hand,
HOMAZ2-3 % values significantly increased after GL+CE
treatment compared to GL treatment (Table 1).

Serum adiponectin level increased significantly after
3 months of treatment with a significant difference when com-
paring group the GL group with the GL+CE group. On the
other hand, serum visfatin and leptin concentrations signifi-
cantly decreased after 3 months of treatment in both groups,
with no difference when comparing the GL group to the GL+
CE group. Serum TNF-« level decreased significantly after
treatment in both groups with a significant difference compar-
ing group received GL alone to group received GL+CE. TCH
and LDL-C levels were not changed in patients who received
GL, whereas significantly decreased in patients who received
GLA+CE treatment, with a significant difference when compar-
ing OD-GL and OD-GL+CE groups. Serum HDL level ex-
hibited no change in both groups. Triglyceride TGs level
showed significant decrease upon treatment and when com-
paring the OD-GL+CE and OD-GL groups, it was found a
significant difference. On the other hand, Al decreased signif-
icantly in OD-GL+CE group compared to before treatment
with a significant difference compared to OD-GL group
(Table 2).

Discussion

The present study evaluate whether the co-administration of
anti-inflammatory agent celecoxib with glimepiride could
have an impact on glycemia, insulin resistance, and
adipocytokines levels in obese diabetic subjects. The hallmark
of obesity and type 2 diabetes is insulin resistance, a result of
decreased insulin metabolic signaling due to enhanced serine
phosphorylation and/or degradation of the insulin receptor
substrate [25]. The major factors for progressive loss of beta
cell function and mass are glucotoxicity, lipotoxicity, proin-
flammatory cytokines, leptin, and islet cell amyloid. Impaired
beta cell function possibly appears to be reversible, particular-
ly at early stages of the disease [26]. Our results implicate that
COX-2 inhibition could be a therapeutic drug for treatment of
obese subjects with T2DM and may prevent associated com-
plications by suppressing the increased level of
adipocytokines and insulin resistance in OD patients. The ob-
tained results showed that fasting serum BG, C-peptide,
HbAlc %, and HOMA of insulin resistance (HOMA2-IR)
significantly decreased after treatment with GL+CE compared
to treatment with GL alone. HOMA of beta cell functionality
(HOMA2-3 %) values significantly increased after GL+CE
treatment compared to GL treatment. In consistence with a
recent study that examined the effect of COX-2 inhibition on
the development of muscular insulin resistance in high-fat-
induced obese rats, emphasized that chronic COX-2 inhibition
could significantly suppress insulin resistance via other mech-
anism than its direct action [27]. Previous study demonstrated
that COX-2 inhibition significantly suppressed the whole
body and muscular insulin resistance, implying the impor-
tance of COX-2-mediated low-grade inflammation in the
pathogenesis of insulin resistance in metabolic syndrome
and T2DM [28]. These observations indicate that COX-2-
mediated inflammatory response might be an important cause
of the development of insulin resistance in T2DM and obesity.
Nevertheless, some case reports showed that COX-2 inhibi-
tors could induce hypoglycemic episode when over consumed
or taken in combination with oral hypoglycemic drugs [29,
30]. Recent study suggested that the changes in COX activity
are involved in the regulation of glucose homeostasis under
the states of normal and insulin resistance [31]. The present
study showed that serum adiponectin was significantly in-
creased whereas, serum visfatin, leptin, and TNF-« levels
were significantly decreased after co-administration of CE
with GL. Adiponectin and TNF-« are important inflammatory
products with potential involvement in the pathogenesis of
tissue insulin resistance [32]. Consistent with the present find-
ing, Hsieh et al. have shown that the COX-2 inhibitors could
significantly reverse the enhanced TNF-o and the decreased
adiponectin as well as in obese rats [9]. Furthermore, the pres-
ent results showed that the elevated serum values of TC, LDL-
C, TGs, and Al in obese diabetics were corrected with
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Table 1  Effect of treatment on BMI, blood glucose, glycated hemoglobin, C-peptide, and HOMA levels

Group OD-GL OD-GL+CE

Parameter B A B A

Age 48+5.52 - 51.3+6.28 -

Gender (F/M) 11/9 - 10/10 -

BMI 32.93+1.97 32.82+1.96 33.12+1.61 32.90+1.56
FBG mg/dl 186.25°+13.80 177.05%®+16.05 181.95°+£16.97 136.8°+19.83
HbAlc % 8.11°+£0.45 7.71%+0.76 8.01°+0.52 7.05+0.44
C-peptide ng/ml 1.91°+£0.30 1.80%°+0.25 1.96°+0.33 1.58%+0.31
HOMA2-IR 1.77°+0.28 1.64%°+0.23 1.81°+0.31 1.33%+0.28
HOMA2-B % 32.30°+5.78 33.84°+6.89 34.4°+7.32 50.75°+18.13

Data are presented as mean+SD; P<0.05

A after treatment, B before treatment, SD standard deviation, BMI body mass index, FBG fasting blood glucose, HbAIc % glycated hemoglobin percent,
HOMAZ2-IR homeostasis model assessment of insulin resistance, HOMA2-{3 homeostasis model assessment of beta cell functionality, OD-GL obese
diabetic group treated with glimepiride drug, OD-GL+CE obese diabetic group treated with glimepiride plus celecoxib drugs, F' female, M male

#Significant before versus after treatment
® Significant versus after treatment with GL+CE

combination treatment of celecoxib and glimepiride. Accumu-
lation of muscle TGs has been proposed to inversely relate
with the defective glucose uptake in insulin-resistant subjects
[33]. Jeuestte et al.[34] proposed that insulin resistance in
obese diabetic subjects may be responsible for enhanced over-
production of TGs and cholesterol-rich lipoprotein by liver.
Pro-inflammatory molecules produced by adipose tissue have
been implicated as active participants in the development of

insulin resistance [5]. This is explained by the increased oxi-
dative stress, which could originate from adipose tissue in
obesity, possibly leads to impaired insulin production and in-
sulin action [31]. Taken together, these results implicate that
COX-2 mediated generation of oxidative stress might play an
important role in the development of obesity and T2DM in
humans. COX-2 inhibition could be a therapeutic drug target
to treat obese subjects with T2DM and prevent complications.

Table 2  Effect of treatment on visfatin, adiponectin, leptin, TNF-« levels, and lipid profile

Group OD-GL OD-GL+CE

Parameter B A B A

Adiponectin (pg/ml) 0.55"+0.09 1.17%°+0.38 0.57°+0.11 1.80°£0.51
Visfatin (ng/ml) 91.69°+16.64 84.33%+15.41 91.09°+12.00 77.18*+11.90
Leptin (ng/ml) 11.96°+2.03 11.028+2.12 12.17°+3.43 9.34°+4.18
TNF-ot (pg/ml) 1.91°+0.43 1.70%°+0.42 1.93°+0.30 1.33%+0.29
Total cholesterol mg\dl 196.31°+19.38 191.66°+19.24 194.18°+14.66 177.75°+12.82
LDL-C mg/dl 129.02°+19.35 125.63°+19.95 126.68°+13.56 117.47°+15.31
HDL-C mg/dl 32.82+1.25 32.98+1.23 32.75+1.25 33.16+1.37
Triglycerides mg/dl 172.36°+14.13 165.25%°+11.75 173.73°+16.39 135.65°+22.41
Al 0.72°+0.04 0.70°+0.04 0.72°+0.05 0.61%+0.07

Data are presented as mean+SD. P<0.05

A after treatment, B before treatment, 7NF-o tumor necrosis alpha, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein
cholesterol, A/ atherogenic index, OD-GL obese diabetic group treated with glimepiride drug, OD-GL+CE obese diabetic group treated with glimepiride

plus celecoxib drug

# Significant before versus after treatment

® Significant versus after treatment with GL+CE
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The present study demonstrates that COX-2 inhibition could
alleviate obesity-induced insulin resistance indirectly via sup-
pressing adipocytokines released in obese diabetics.

Study limitations

Limitations of the study are the small number of participated
patients and as with all NSAIDs, the potential GIT, CVD, and
renal risks of CE must be weighed against the potential ben-
efits in each individual.

Conclusions

Increased insulin resistance in obese diabetics due to increased
inflammatory adipocytokines visfatin, leptin, and TNF-« and
decreased adiponectin levels can be reversed by co-treatment
with COX-2 inhibitor (celecoxib). So, COX-2 inhibition
could be a therapeutic drug target for treatment of obese sub-
jects with T2DM and prevent or delay complications. More
extensive studies are needed to evaluate the use of anti-
inflammatory strategies, especially COX-2 inhibitors, as pre-
ventative and therapeutic interventions in obesity and type 2
diabetes.
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Abstract Diabetes mellitus is characterized by hyperglyce-
mia together with biochemical changes in glucose, lipid pro-
file, lipid peroxidation, and antioxidants status. This study
aims to assess lipid profile, lipid peroxidation, antioxidants,
and glycated hemoglobin (HbAlc) in type 1 and type 2 dia-
betic subjects. Type 1 and type 2 diabetic patients were select-
ed from the subjects attending OPD in Nepalgunj Medical
College, Nepal, for medical checkup. Fasting blood sugar
(FBS), lipid profile, lipid peroxidation (malondialdehyde),
and antioxidants status (reduced glutathione and vitamin E)
were estimated in both groups and were compared with
healthy controls. Low-density lipoprotein (LDL)/high-density
lipoprotein (HDL) ratio was calculated to assess the cardio-
vascular risk factors. When type 1 diabetic patients were com-
pared with type 2 diabetic patients, it showed statistically sig-
nificant increase in the levels of HbA lc, triglycerides (TGs),
and high-density lipoprotein cholesterol (HDL-C), whereas
statistically significant decreased level was found in
malondialdehyde (MDA). FBS, total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), reduced glutathione
(GSH), vitamin E, and HDL/LDL ratio were not significant.
Early diagnosis of dyslipidemia and oxidative stress can be
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used as a preventive measure for the development of micro-
vascular and macrovascular complications in type 1 and type
2 diabetes mellitus.

Keywords Glycated hemoglobin - Diabetes mellitus - Lipid
peroxidation - Antioxidants - Lipid profile

Introduction

Diabetes mellitus (DM) is one of the most common metabolic
disorders, and its prevalence is estimated to be approximately
177 million, and it is expected to reach 366 million by 2030
[1]. Among the glycated hemoglobins, the most abundant
form is glycated hemoglobin (HbAlc), where glucose is at-
tached to the N-terminal valine at (3 chain of hemoglobin [2].
The HbA1c level reveals the mean glucose level over a period
of 10-12 weeks, unaffected by recent food intake or recent
changes in blood sugar levels. The risk of retinopathy and
renal complications are proportionately increased with elevat-
ed glycated hemoglobin value [3]. In diabetes mellitus, there
are evidences that the changes in lipid metabolism have
a specific role in pathogenesis and complication of the
disease [4].

Malondialdehyde is a stable end product of lipid peroxida-
tion and is commonly used as an indicator of lipid peroxida-
tion [5]. The major natural antioxidant is vitamin E [6]. Non-
enzymatic antioxidant, reduced glutathione, acts as a primary
line of defense to cope with the deleterious effects of reactive
oxygen species. High levels of peroxidation and the simulta-
neous decrease of antioxidant defense mechanisms can lead to
damage of cellular organelles and oxidative stress [7]. Low
levels of vitamin E and antioxidants are associated with in-
creased incidence of diabetes [8, 9]. The study therefore aims
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to evaluate HbAlc, lipid profile, lipid peroxidation, and anti-
oxidant status in both type 1 and type 2 diabetic patients.

Methods

The study was designed as a case-control study. The study was
conducted from March 2011 to March 2012. Eighty-eight type
1 diabetic patients and 92 type 2 diabetic patients who were
treated in outpatient facility in Nepalgunj Medical College,
Nepal, were included in the study. Eighty normal healthy in-
dividuals with no symptoms of diabetes were taken as control.
Diabetes mellitus subjects aged from 20 to 80 years. Type 1
and type 2 diabetic patients’ age were between 20 and 35 years
and between 40 and 80 years, respectively. The criteria for
diagnosis of diabetes mellitus were on the basis of American
Diabetes Association guidelines [10]. Ethical approval for the
study was taken from the institutional research ethical
committee.

Inclusion criteria

Freshly diagnosed type 1 and type 2 diabetic patients were
included in the study.

Exclusion criteria

Patients with history of smoking and alcoholism, those with-
out complications and secondary causes of hyperglycemia and
any chronic diseases, and patients on hypolipidemic drugs or
other antioxidant therapies were excluded in the study.

Data collection

Subjects were mainly volunteer and recruited with mutual
consent. All the patients filled up a detailed form which in-
cluded age, sex, duration of diabetes, history of hypertension,
and past history of any cardiovascular or kidney diseases.
Blood was collected from the patient after overnight fasting
(8-10 h). Six milliliters of blood was collected from each
subject by venipuncture for the study of various parameters
and was distributed in the following vials: heparinized sample
for the estimation of serum vitamin E, citrated sample for the
estimation of malondialdehyde (MDA) in plasma, and re-
duced glutathione (GSH) in erythrocyte, and ethylenedi-
aminetetraacetic acid (EDTA) sample for the estimation of
HbA Ic and in a plain vial (without anticoagulant) for estima-
tion of fasting blood sugar (FBS) and lipid profile. Lipid pro-
file, FBS, and reduced GSH were done on the same day, and
for other tests, the samples were stored at —70 °C until the
analyses were carried out.

HbA 1c measurement was done using ion-exchange chro-
matography (LifeChem). Total cholesterol (TC), triglyceride
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(TG), and high-density lipoprotein cholesterol (HDL-C) were
measured using the kits supplied by BioSystems, S.A. Costa
Brava, 30 Barcelona, Spain. Serum low-density lipoprotein
cholesterol (LDL-C) was calculated according to computa-
tional procedures of Friedewald et al. [11]. MDA in plasma
was assayed using the method of Yagi [12]. Serum vitamin E
estimation was based on the Emmerie-Engel procedure [13].
The red blood cells left were washed in cold saline, and diluted
hemolysates were prepared for estimation of GSH.
Erythrocyte GSH was estimated using the method of
Beutler et al. [14].

Statistical analysis

Data entry and analysis were done using SPSS software, ver-
sion 16.0. Comparison of mean and tests of association was
done using independent ¢ test. p value <0.05 was regarded as
statistically significant.

Results

Out of 88 type 1 diabetic patients, 48 (54.54 %) were males
and 40 (45.45 %) were females. Out of 92 type 2 diabetic
patients, 48 (52.17 %) were males and 44 (47.82 %) were
females. Among the controls, 48 were males and 32 were
females, respectively. The mean+ SD age of control, type 1
DM patients, and type 2 DM patients were 39.96 + 14.84,
27.72 +£4.82, and 58.19 +9.93, respectively (Table 1).

Table 2 shows the comparison of type 1 and type 2 diabetic
patients with control in different biochemical parameters.
When all the parameters were compared between type 1 and
type 2 diabetic patients, HbAlc, TGs, and HDL-C were found
to be increased significantly, whereas MDA was found to be
decreased significantly. The increase in HbAlc, FBS, lipid
profile (TC, TG, and LDL-C), and MDA and the decrease in
GSH and vitamin E for type 1 diabetic patients when com-
pared to control subjects showed statistical significance. In-
crease in serum HDL-C level was insignificant. HDL/LDL
ratio was found to be significant. For type 2 diabetic patients,
an increase in HbAlc, FBS, lipid profile (TC, TG, LDL-C,
and HDL-C), and lipid peroxidation (MDA) and a decrease in

Table 1  Age and sex distribution of study subjects
Control Type 1 DM Type 2 DM
Age in years (range)  20-65 20-35 40-80
Mean + SD 39.96+14.84  27.72+4.82  58.19+£9.93
Sex distribution
Males, n (%) 48 (60) 48 (54.54) 48 (52.17)
Females, n (%) 32 (40) 40 (45.45) 44 (47.82)
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Table 2 Biochemical parameters

of control and diabetic patients Parameters Control Type 1 DM Type 2 DM
HbAlc (%) 4.83+0.57 7.41+0.66%° 7.75+£1.12%
95 % CI) (4.71,4.94) (7.28, 7.56) (7.54,8.01)
FBS (mg/dl) 87.11£11.67 159.82 +29.39% 150.98 +47.21%
95 % CI) (84.79, 89.43) (153.59, 166.05) (141.20, 160.76)
TC (mg/dl) 172.25+14.97 217.48 +52.59% 22935 +48.14*
95 % CI) (169.28, 175.22) (206.33, 228.62) (219.38, 239.32)
TG (mg/dl) 106.04£22.32 147.18 £47.35%% 165.59 £51.60*
(95 % CI) (101.61, 110.47) (137.15, 157.12) (154.90, 176.27)
HDL-C (mg/dl) 50.21 +6.54 51.20+8.35° 55.41 +£9.66™
95 % CI) (4891, 51.51) (49.43, 52.98) (53.41,57.42)
LDL-C (mg/dl) 115.10+9.68 142.89 +33.53* 152.04 +36.87*
95 % CI) (113.18, 117.02) (135.78, 149.99) (144.41, 159.68)
MDA (mmol/ml) 291+0.74 471+1.76% 421+1.19"
95 % CI) (2.76, 3.06) (4.34, 5.09) (3.97, 4.46)
GSH (mg/dl) 15.52+1.25 12.7+2.17% 13.11 +1.74*

. (95 % CI) (15.27, 15.77) (12.25, 13.17) (12.75, 13.48)

*" p value <0.001, when type 1 Vitamin E (mg/dI) 0.99+0.41 0.57+£0.46* 0.52+0.46"

and type 2 DM patients were

compared with control subjects: 95 % CI) (0.42, 0.44) (043, 0.62) (043, 0.62)

S pvalue < 0.05, when type 1 DM LDL/HDL 2324032 2.81+0.60% 2.80+0.78"

patients were compare withtype2 (95 ¢ () (2.25,2.39) (2.68, 2.94) (2.64, 2.96)

DM patients

antioxidants (GSH and vitamin E) and HDL/LDL were statis-
tically significant when compared with normal healthy control
subjects.

Discussion

In the present study with the exception of HDL-C in type 1
diabetic patients, all the biochemical parameters are found to
be significantly increased in HbAlc, FBS, lipid profile (TC,
TG, and LDL-C), and MDA and decreased in GSH and vita-
min E for both type 1 and type 2 diabetic patients. Poor gly-
cemic control deteriorates lipid and lipoprotein metabolism
[15]. Our results failed to demonstrate a significant difference
in the HDL-C concentration in type 1 diabetic patients, where-
as in type 2 diabetic patients, the HDL-C level was raised
significantly. This finding is in agreement with that of Nikkila
and Hormila [16]. Maharjan et al. and Aleyassine et al. report-
ed that there was no significant difference between HDL-C
and diabetes [17, 18]. HDL play a role in reverse cholesterol
transport, and it also carries cholesterol from the atheroscle-
rotic plaques to the liver for removal. So, it is considered to be
inversely related to the development of atherosclerosis [19].
The raised HDL levels should protect the diabetic patients
from atherosclerotic complications. In the present study, it
was observed that the levels of HbAlc and TG in type 2
DM were higher than their levels in type 1 DM. Our finding
is in accordance with the findings of Masram et al. [20]. It has

been demonstrated that high levels of serum TC, TG, LDL-C,
and HbAlc and low concentration of HDL-C were signifi-
cantly associated with cardiovascular disease [21]. High
LDL/HDL ratio combined with hypertriglyceridemia is asso-
ciated with high risk of coronary heart disease [22]. Lipid
peroxidation (MDA) level was significantly increased in both
types of diabetes mellitus when compared with control sub-
jects. Similar results were reported by Singh and Shin [23] and
Nacitarhan et al. [24]. Increase peroxide may be due to the
increased glycation of proteins in diabetes mellitus [25]. MDA
was found to be higher in type 1 DM as compared to type 2
DM. It may be due to poor metabolic control in type 1 DM.
Reduced GSH is significantly decreased in type 1 and type 2
diabetic patients when compared with control subjects, and it
is correlated with the study done by Giugliano et al. [26] and
Ceriello et al. [27]. Hydrogen peroxide is detoxified with the
help of reduced GSH, and it is regenerated with the help of
NADPH supplied from hexose monophosphate shunt path-
way, which is stimulated by insulin. In diabetes mellitus,
NADPH production may be sluggish, which results in
lowered reduced glutathione reductase enzyme and reduced
regeneration of GSH. In addition to this, in diabetes mellitus,
increased sorbitol synthesis occurred which depletes NADPH
and limits the GSH regeneration [28, 29]. Significantly re-
duced vitamin E level in diabetic patients observed in this
study is similar with previous studies [30, 31]. Abnormally
increased activity of free radical induced lipid peroxidation,
and simultaneous decline of antioxidant defense mechanisms
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can lead to damage of cellular organelles and enzymes and
development of complications of diabetes mellitus [32].

Conclusion

This study has shown that dyslipidemia, poor glycemic con-
trol, and increased oxidative stress are highly prevalent among
diabetic subjects in the population of far western region of
Nepal. Efforts should be made in the area of glycemic control,
lipid lowering, and lifestyle modifications to reduce the risk of
microvascular and macrovascular complications in diabetic
subjects.
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Abstract The aim of this study is to compare the incidence of
large for gestational age (LGA) infants between gestational
diabetes mellitus (GDM) women whose pre-pregnancy
weight was in normal and overweight/obese category. Possi-
ble associated factors for LGA were evaluated and pregnancy
outcomes were compared. A total of 272 singleton pregnant
women with GDM were enrolled, 136 overweight/obese
women (BMI >25 kg/m?) were in study group and another
136 normal weight women (BMI <25 kg/m?) were served as
comparison group. Data were retrieved from medical records,
including demographic data, GDM diagnosis and risks, labor
and delivery data, and pregnancy outcomes. Baseline charac-
teristics and incidence of LGA were compared between
groups, and logistic regression analysis was performed in or-
der to determine independent risk factors for LGA, adjusted
for potential confounders. Baseline demographic data were
comparable between groups, except that study group was sig-
nificantly more likely to have excessive weight gain and more
likely to need insulin treatment than control group. The rate of
LGA and macrosomic infants was significantly higher in
study group than in control group (p=0.038 and 0.024, re-
spectively). Logistic regression analysis showed that only ges-
tational weight gain was significantly associated with LGA.
Gestational weight gain less than recommendation significant-
ly decreased the risk of LGA by 60 % (adjusted odds ratio
(OR) 0.39, 95 % confidence interval (CI) 0.17-0.96, p=0.04).
On the other hand, gestational weight gain greater than rec-
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ommendation significantly doubled the risk of LGA (adjusted
OR 2.03, 95 % CI 1.11-3.71, p=0.022). Gestational weight
gain, but not pre-pregnancy BMI was independently associat-
ed with LGA in GDM pregnant women.

Keywords Gestational diabetes - Gestational weight gain -
Large for gestational age - Pre-pregnancy BMI

Introduction

The term large for gestational age (LGA) has been used to
define the newborns whose birth weight is above the 90th
percentile for their gestational age [1]. It is generally accepted
that LGA was associated with many maternal and neonatal
morbidities, including prolonged labor, operative delivery,
shoulder dystocia, brachial plexus injury, stillbirth, postpar-
tum hemorrhage, and laceration of the anal sphincter [2—4].

Incidence of LGA newborn has been associated with ges-
tational diabetes mellitus (GDM). In pregnant women with
GDM, maternal hyperglycemia can lead to fetal hyperglyce-
mia and hyperinsulinemia which are responsible for subse-
quent increases in fetal growth [5]. Previous studies reported
that the incidence of LGA was significantly higher in GDM
than non-GDM pregnant women [6, 7]. However, maternal
diabetes might not be the only factor responsible for fetal
overgrowth. Other associated factors included genetics, race,
and ethnic factors, maternal obesity, excessive weight gain
during pregnancy, multiparity, duration of gestation, and pre-
vious delivery of macrosomic infant [8—10]. Therefore, con-
trolling glucose level might not be sufficient to reduce the
incidence of LGA.

Previous studies have reported the association between pre-
pregnancy weight, gestational weight gain, and birth weight in
nondiabetic pregnant women [11, 12]. However, there are still
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limited information on association between pre-pregnancy
weight and birth weight among GDM women [13-15].

The objective of this study was to compare the incidence of
LGA infants between GDM women whose pre-pregnancy
weight were in normal and overweight/obese category. In ad-
dition, other possible associated factors were also evaluated,
such as gestational weight gain and GDM classification. Preg-
nancy outcomes were also compared between the two groups.

Materials and methods

After ethical approval from Siriraj Institutional Review Board
(SIRB), a retrospective cohort study was conducted at the
Department of Obstetrics and Gynecology, Faculty of Medi-
cine Siriraj Hospital.

According to institutional guideline, selective screen-
ing and diagnostic scheme for GDM was offered to all
pregnant women using a two-step approach. A 50-g
glucose challenge test (GCT) was used to screen preg-
nant women at risk, and the diagnosis of GDM was
based on a 100-g oral glucose tolerance test (OGTT),
using Carpenter and Coustan criteria. The process was
offered during first visit and repeated during 24-28-
week gestation [16, 17]. After diagnosis of GDM, die-
tary counseling were offered and follow-up visits were
scheduled to determine adequacy of glycemic control.
Insulin treatment was initiated for those with inadequate
glycemic control (fasting plasma glucose >95 mg/dL
and/or 2-h postprandial glucose >120 mg/dL) [16]. Well

glycemic control was considered when women achieved
glycemic control goals over 80 % of times.

A total of 272 pregnant women with GDM were
enrolled. Study group comprised of 136 GDM women
who were classified as overweight or obese, and com-
parison group comprised of 136 GDM women whose
pre-pregnancy BMI was in normal range, according to
the Institute of Medicine (IOM) guideline [18]. Pregnant
women with underlying diseases, such as hyperthyroid-
ism, heart disease, or overt DM, and those with docu-
mented fetal anomalies were excluded.

Data were retrieved from medical records, including
demographic data, GDM characteristics, labor and deliv-
ery data, and pregnancy and neonatal outcomes. Ade-
quacy of gestational weight gain was evaluated accord-
ing to the IOM recommendation and were classified as
less than, within, and greater than recommendation [18].
Large for gestational age (LGA) was diagnosed when
birth weight was >90th percentile of normal newborns
according to institutional standard.

Descriptive statistics, including number, percentage, mean,
and standard deviation were used to describe various charac-
teristics as appropriate. Student 7 test and chi-squared test or
Fisher’s exact test were used to compare various characteris-
tics between groups. Logistic regression analysis was per-
formed in order to determine independent risk factors for
LGA infants, adjusted for potential confounders. Adjusted
odds ratio (OR) and 95 % confidence intervals (CI) were es-
timated. A p value <0.05 was considered statistically
significant.

Table 1 Demographic data of GDM pregnant women between the two groups (N=272)
Characteristics Comparison group (N=136) Study group (N=136) p value
Maternal age + SD (years) 33.1+5.2 33.1+4.2 0.888
Parity
0 68 (50.0 %) 56 (41.2 %) 0.311
1 47 (34.6 %) 58 (42.6 %)
>2 21 (154 %) 22 (16.2 %)
Pre-pregnancy BMI (kg/m?) 21.9+1.9 29.3+3.2 <0.001
Gestational weight gain + SD (kg) 12.74£5.3 11.0+4.1 0.004
Weight gain category <0.001
Less than recommendation 65 (47.8 %) 9 (6.6 %)
Within recommendation 39 (28.7 %) 58 (42.6 %)
Greater than recommendation 32 (23.5 %) 69 (50.7 %)
GA at first ANC =+ SD (weeks) 12.4+5.5 13.3+5.5 0.202
GA at GDM diagnosis + SD (weeks) 22.4+8.6 21.8+£8.4 0.549
GDM classification 0.001
Dietary control 120 (88.2 %) 98 (72.1 %)
Insulin treatment 16 (11.8 %) 38 (27.9 %)
Well glycemic control 123 (90.4 %) 118 (86.8 %) 0.125
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Table 2 Comparison of risk
factor of GDM between the two Risk factors Comparison group (N=136) Study group (N=136) p value
groups
Age >30 years 107 (79.3 %) 107 (78.7 %) 0.906
Family history of diabetes 48 (35.3 %) 49 (36.0 %) 0.899
Previous unexplained fetal death 0 (0 %) 5 (3.7 %) 0.060
Previous history of GDM 3(2.2 %) 6 (4.4 %) 0.500
Previous history of fetal macrosomia 0(0 %) 4(2.9 %) 0.122
Previous history of unexplained 0 (0 %) 1 (0.7 %) 1.000
congenital anomalies
Pre-pregnancy BMI >25 kg/m? 0 (0 %) 48 (35.3 %) <0.001
History of HT or gestational HT 1 (0.7 %) 3(2.2 %) 0.622
Results group with approximated difference of 200 g (3344.2+468.6

A total of 272 pregnant women diagnosed with GDM were
included in this study. Study group were 136 overweight or
obese women and another 136 normal weight women were
served as comparison group. Table 1 demonstrated demo-
graphic data of both groups. Both groups were comparable
in terms of age, parity, gestational age at first ANC, and at
GDM diagnosis. Mean gestational weight gain was signifi-
cantly greater among control group than study group (12.7+
5.3 and 11.0+4.1 kg, p=0.004). However, women in study
group were significantly more likely to have excessive weight
gain than comparison group (50.7 and 23.5 %, p<0.001). In
addition, women in study group were significantly more likely
to require insulin treatment than those in comparison group
(27.9 and 11.8 %, p=0.001). Well glycemic control was ob-
served in majority of women in both groups without signifi-
cant differences (p=0.125).

Risks for GDM according to the institutional guideline
were compared between the two groups as shown in Table 2.
No significant difference was observed, except pre-pregnancy
BMI that was greater among study group.

Table 3 showed comparison of pregnancy outcomes be-
tween the two groups. There was no significant difference
between groups regarding GA at delivery and route of deliv-
ery. Overall and primary cesarean delivery was only slightly
higher in study group than comparison group.

Comparisons of neonatal outcomes between the two
groups are shown in Table 4. Infants of women in study group
had significantly greater birth weight than those in comparison

and 3149.8+469.8 g, p=0.001). In addition, the rate of LGA
infants was significantly higher in study group than in com-
parison group (33.8 and 23.5 %, p=0.038). Significant in-
crease in macrosomic infants was also observed (9.6 and
2.9 %, p=0.024). Regarding neonatal complications, infants
of women in study groups had significant greater rate of hy-
poglycemia than control group (14 and 5.1 %, p=0.013). No
differences were observed between groups regarding birth as-
phyxia, NICU admission, and neonatal jaundice.

Logistic regression analysis was performed in order to de-
termine independent risk factors associated with LGA, taken
into account of potential confounders, including gestational
weight gain and GDM classification. The results are shown
in Table 5 and demonstrated that after adjusting for potential
confounders, pre-pregnancy BMI and GDM classification
were not significantly associated with LGA. However, gesta-
tional weight gain was significantly associated with LGA.
Gestational weight less than recommendation significantly
decreased the risk of LGA by 60 % (adjusted OR 0.39,
95 % CI10.17-0.96, p=0.04). On the other hand, gestational
weight gain greater than recommendation significantly dou-
bled the risk of LGA (adjusted OR 2.03, 95 % CI 1.11-3.71,
p=0.022).

Discussion

Recently, there is an increasing trend of obese and advanced-
age pregnant women. As a consequence, the incidence of GDM

Table 3 Comparison of

pregnancy outcomes between the Pregnancy outcomes Comparison group (N=136) Study group (N=136) p value
two groups
GA at delivery + SD (weeks) 38.2+1.3 38.1+1.4 0.508
Route of delivery 0.238
Normal delivery 77 (56.6 %) 72 (52.9 %)
Vacuum extraction 6 (4.4 %) 2 (1.4 %)
Cesarean section 53 (39.0 %) 62 (45.6 %)
Primary cesarean section 45 (33.1 %) 55 (40.4 %) 0.209
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Table 4 Comparison of neonatal

outcomes between the two groups Neonatal outcomes Comparison group (N=136) Study group (N=136) p value

Birth weight + SD (g) 3149.8+469.8 3344.2+468.6 0.001
Birth weight for GA 0.038

SGA 6 (4.4 %) 1 (0.7 %)

AGA 98 (72.1 %) 89 (65.4 %)

LGA 32(23.5 %) 46 (33.8 %)
Macrosomia 4 (2.9 %) 13 (9.6 %) 0.024
Birth asphyxia 7 (5.1 %) 7(5.1 %) 1.000
NICU admission 2 (1.5 %) 322 %) 0.652
Hypoglycemia 7 (5.1 %) 19 (14 %) 0.013
Neonatal jaundice 43 (38.7 %) 27 (26.5 %) 0.057

increased, as well as related maternal and neonatal morbidity
and mortality. Maternal diabetes was among the strong determi-
nants for fetal overgrowth and the incidence of LGA newborn.

From initial univariate analysis, the rate of LGA infants
was significantly higher among overweight/obese GDM
women. However, after controlling for potential confounders,
gestational weight gain was the only independent factor asso-
ciated with the incidence of LGA. Gestational weight gain less
than recommendation significantly decreased the risk of LGA
by 60 % (adjusted OR 0.39), and gestational weight gain
greater than recommendation significantly doubled the risk
of LGA (adjusted OR 2.03).

The results were similar to some previous studies that ges-
tational weight gain was the independent predictor of LGA
among GDM pregnant women and the risk was minimized
when weight gain was less than recommendation [19-22].
However, conflicting results have also been reported. Other
studies have reported that pre-pregnancy BMI or obesity was
an important risk for LGA [16, 17, 21, 23, 24]. Other factors
that have been associated with LGA in GDM women included
HbAc level [16], previous macrosomia [23], and GDM se-
verity [17, 19, 21]. Different results between studies could be
from differences in population in terms of race and ethnicity,

Table 5  Logistic regression analysis for independent risks for LGA

Risks Adjusted OR 95 % CI  p value
Pre-pregnancy weight

Normal 1.0

Overweight/obese 0.96 0.52-1.77  0.901
Gestational weight gain

Within recommendation 1.0

Less than recommendation 0.39 0.17-0.96  0.040

Greater than recommendation  2.03 1.11-3.71  0.022
GDM classification

Dietary control 1.0

Insulin treatment 1.09 0.55-2.13  0.813

@ Springer

GDM screening, diagnostic, and management scheme, dietary
and lifestyle during pregnancy, and pre-pregnancy BMI and
gestational weight gain classification.

In general, it appeared that gestational weight gain might be
a more important determinant of birth weight and fetal growth
than pre-pregnancy BML. In a systematic review, the associa-
tion between gestational weight gain and birth weight was
observed despite the use of different standard references and
various methods of characterizing gestational weight gain (to-
tal, rate, or by trimester) [14]. This was consistent with the
results among GDM pregnant women in this study.

Some limitations in this study should be noted. This study
has smaller samples than other previous studies which might
result in less accurate estimates. The study has not aimed
primarily to evaluate effects of gestational weight gain that
the study might have limited statistical power in estimating
such associations. In addition, although every woman re-
ceived similar dietary counseling, effects of dietary control
could not be determined and quantified. It might be possible
that dietary control had greater effects on overweight/obese
than normal weight women, resulting in comparable outcomes
between groups.

Currently, all women with GDM receive intensive dietary
counseling during their antenatal care at our institution which
can help pregnant women control their blood glucose level
and weight gain during pregnancy. However, 23.5 % of
GDM women with normal pre-pregnancy BMI and as many
as 50.7 % of overweight/obese women have gained weight
more than recommended level despite well-glycemic control
was observed in majority of the study population. This
reflected the effectiveness of such counseling procedure and
highlights the need for improvement.

The results of this study emphasized the importance of
gestational weight gain control among this subgroup of preg-
nant women, regardless of pre-pregnancy BMI. Since gesta-
tional weight gain is modifiable, clinicians, and health care
providers should always pay more attention to gestational
weight gain and put more efforts in counseling and close
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follow up among this group of pregnant women. This could
help reduce the risk of LGA infants and related complications.
Future research with larger samples that aims primarily to
investigate the effects of gestational weight gain among this
group of women should be considered.

In conclusion, gestational weight gain, but not pre-
pregnancy BMI, was independently associated with LGA in
GDM pregnant women. Gestational weight gain less than rec-
ommendation significantly decreased the risk of LGA by
60 %. On the other hand, gestational weight gain greater than
recommendation significantly doubled the risk of LGA. How-
ever, the observed associations might partly be secondary
from effects of dietary control provided to both groups of
GDM women.

Conflict of interest The study received no funding from any sources
and there are no conflicts of interest of any nature at all.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Hel-
sinki declaration and its later amendments or comparable ethical stan-
dards. For this type of study, formal consent is not required.

References

1. Cunnigham FG, Leveno KJ, Bloom SL, Hauth JC, Rouse DJ,
Spong CY. Williams obstetrics. 23rd ed. New York: McGraw-Hil;
2010. p. 804.

2. YogevY, Visser Gerard HA. Obesity, gestational diabetes and preg-
nancy outcome. Semin Fetal Neonatal Med. 2009;14:77-84.

3. Chauhan SP, Grobman WA, Gherman RA, et al. Suspicion and
treatment of the macrosomic fetus: a review. Am J Obstet
Gynecol. 2005;193:332-46.

4. Gregory KD, Henry OA, Ramicone E, Chan R, Platt LD. Maternal
and infant complication in high and normal weight infants by meth-
od of delivery. Obstet Gynecol. 1998;92:507—13.

5. The HAPO Study Cooperative Research Group. Hyperglycemia
and adverse pregnancy outcome (HAPO) Study. Diabetes.
2009;58:453-9.

6. Oded L, Yogev Y, Most O, Xenakis EM. Gestational diabetes: the
consequences of not treating. Am J Obstet Gynecol. 2005;1(92):
989-97.

7. Keller JD, Lopez-Zeno JA, Dooley SL, Socol ML. Shoulder dys-
tocia and birth trauma in gestational diabetes: a five-year experi-
ence. Am J Obstet Gynecol. 1991;165:928-30.

8. Okun N, Verma A, Mitchell BF, Flowerdew G. Relative importance
of maternal constitutional factors and glucose intolerance of preg-
nancy in the development of newborn macrosomia. J Matern Fetal
Med. 1997;6:285-90.

10.

11.

14.

15.

19.

20.

21.

22.

23.

24.

Mello G, Parretti E, Mecacci F, et al. Risk factors for fetal
macrosomia: the importance of a positive oral glucose challenge
test. Eur J Endocrinol. 1997;137:27-33.

Johns K, Olynik C, Mase R, Kreisman S, Tildesley H. Gestational
diabetes mellitus outcome in 394 patients. J Obstet Gynaecol Can.
2006;28:122-7.

Yogev Y, Langer O, Xenakis EM, Rosenn B. The association be-
tween glucose challenge test, obesity and pregnancy outcome in
6390 non-diabetic women. J Matern Neonatal Med. 2005;17:29—
34.

Siega-Riz AM, Viswanathan M, Moos MK, et al. A systematic
review of outcomes of maternal weight gain according to the
Institute of Medicine recommendations: birthweight, fetal growth,
and postpartum weight retention. Am J Obstet Gynecol. 2009;201:
339.el1-14.

Black MH, Sacks DA, Xiang AH, Lawrence JM. The relative con-
tribution of prepregnancy overweight and obesity, gestational
weight gain, and IADPSG-defined gestational diabetes mellitus to
fetal overgrowth. Diabetes Care. 2013;36:56-62.

Olmos PR, Borzone GR, Olmos RI, et al. Gestation diabetes and
pre-pregnancy overweight: Possible factors involved in newborn
macrosomia. J Obstet Gynecol. 2012;38:208-14.

Haroush AB, Hadar E, Chen R. Maternal obesity is major risk
factor for large-for-gestational-age infants in pregnancies compli-
cated by gestational diabetes. Arch Gynecol Obstet. 2009;279:539—
43.

Sunsaneevithayakul P, Boriboohirunsarn D, Sutanthavibul A, et al.
Risk factor based selective screening program for gestational dia-
betes mellitus in Siriraj Hospital: result from clinical practice guide-
line. J Med Assoc Thai. 2003;86:708—-14.

Carpenter MW, Coustan DR. Criteria for screening tests for gesta-
tional diabetes. Am J Obstet Gynecol. 1982;144:768-73.

Institute of Medicine (US) and National Research Council (US)
Committee to Reexamine IOM Pregnancy Weight Guidelines;
Rasmussen KM, Yaktine AL, editors. Weight Gain During
Pregnancy: Reexamining the Guidelines. Washington (DC):
National Academies Press (US); 2009.

Barnes RA, Edghill N, Mackenzie J, et al. Predictors of large and
small for gestational age birthweight in offspring of women with
gestational diabetes mellitus. Diabet Med. 2013;30:1040-6.
Hernandez-Rivas E, Flores-Le Roux JA, Benaiges D, et al.
Gestational diabetes in a multiethnic population of Spain: clinical
characteristics and perinatal outcomes. Diabetes Res Clin Pract.
2013;100:215-21.

Most O, Langer O. Gestational diabetes: maternal weight gain in
relation to fetal growth, treatment modality, BMI and glycemic
control. ] Matern Fetal Neonatal Med. 2012;25:2458-63.

Park JE, Park S, Daily JW, Kim SH. Low gestational weight gain
improves infant and maternal pregnancy outcomes in overweight
and obese Korean women with gestational diabetes mellitus.
Gynecol Endocrinol. 2011;27:775-81.

Ogonowski J, Miazgowski T, Czeszynska MB, Jaskot B,
Kuczynska M, Celewicz Z. Factors influencing risk of macrosomia
in women with gestational diabetes mellitus undergoing intensive
diabetic care. Diabetes Res Clin Pract. 2008;80:405-10.
Catalano PM, Mclntyre HD, Cruickshank JK, et al. The
Hyperglycaemia and Adverse Pregnancy Outcomes Study—asso-
ciations of GDM and obesity with pregnancy outcomes. Diabetes
Care. 2012;35:780-6.

@ Springer



Int J Diabetes Dev Ctries (April-June 2017) 37(2):112-115
DOI 10.1007/s13410-015-0386-0

ORIGINAL ARTICLE

Can either oral glucose challenge test or oral glucose tolerance test
parameters predict gestational diabetes mellitus?

Melahat Yildirim' - Aydin Kosus? - Nermin Kosus? -
Deniz Hizli? - Banu Akcal” - Hatice Kosger>

Received: 19 May 2014 / Accepted: 10 April 2015 /Published online: 15 May 2015

© Research Society for Study of Diabetes in India 2015

Abstract This study aims to evaluate the relationship be-
tween the glucose challenge test (GCT) levels and any of the
oral glucose tolerance test (OGTT) parameters (fasting plasma
glucose (FPQG), 1-, 2-, or 3-h plasma glucose levels) and their
effect on predicting gestational diabetes mellitus (GDM). This
analysis was carried out as a retrospective study at Obstetrics
and Gynecology Clinic of Turgut Ozal University Hospital.
Oral GCT were conducted on patients who are at 24—
29 weeks’ gestation. The study participants with positive
GCT results underwent a 3-h, 100-g OGTT, and the resulting
values were evaluated using Carpenter and Coustan diagnos-
tic criteria to determine the gestational glucose tolerance status
of patients. The data obtained from both tests (GCT, FPG, 1-,
2-, 3-h OGTT values) were analyzed to observe the effect of
each group on predicting GDM. Although all of the GCT and
OGTT values were found to be statistically significant
(»<0.001) in determining GDM, the 2-h values of OGTT
detected almost all GDM cases with a very high sensitivity
level (94.5 %). The 1-h values on the other hand identified
87.6 % of GDM (p<0.001). The GCT value with the highest
sensitivity and specificity for predicting GDM was calculated
as 154.50 mg/dl (sensitivity and specificity rates were 79.2
and 72.8 %, respectively). A 2-h OGTT glucose level can
detect GDM with 94.5 % sensitivity. This result can guide
clinicians to evaluate the patients with GDM.
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Introduction

Gestational diabetes mellitus (GDM) is defined as carbohy-
drate intolerance with onset or first recognition during preg-
nancy [1]. It affects approximately 1-16 % of pregnant wom-
en worldwide depending on the type of population, the geo-
graphic location, ethnicity, and the diagnostic criteria used
[2-6]. GDM is associated with adverse pregnancy outcomes,
such as large-for-gestational age infants, neonatal hypoglyce-
mia, neonatal hyperinsulinism, and pre-eclampsia [7, 8]. Im-
balance in glucose metabolism returns to normal in the major-
ity of women during postpartum period but one third to two
thirds of women will have glucose intolerance in subsequent
pregnancies [6, 9].

While failure to detect GDM may result in severe compli-
cations such as harming the fetus and the mother, too aggres-
sive screening on the other hand may result in too many ex-
pectant mothers getting unnecessary blood tests, many false-
positive GDM diagnoses that are followed by redundant in-
terventions. Although there is no widespread consensus on
how to screen and diagnose GDM [10], an acceptable stan-
dard identifying approach remains as performing 3-h, 100-g
oral glucose tolerance test (OGTT) at 24-28 weeks of gesta-
tion, preceded by positive or abnormal 50-g, 1-h glucose chal-
lenge test (GCT) in many countries. This two steps approach
is also recommended by the American Diabetes Association
(ADA) for women with risk factors [11]. The World Health
Organization (WHO) recommends all pregnant women be
screened at the beginning of third trimester of pregnancy using
2-h, 75-g oral glucose tolerance test (75-g OGTT) which can
be simultaneously used both for screening and diagnosis [12].
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Although there is an extensive literature dealing with
screening and diagnosing GDM, we are not aware of any
study which examines the effect of individual OGTT param-
eter on identifying GDM. In the current study, we aim to
demonstrate whether any of 3-h, 100-g OGTT parameters
(fasting plasma glucose (FPG), 1-, 2-, and 3-h glucose values)
or GCT can solely predict GDM by itself with high sensitivity
and specificity. If any of the above parameters is found to be a
successful predictor of GDM, then unnecessary interferences
on either diagnosing or treating GDM can be prevented.

Material and methods

This analysis was carried out as a retrospective study at Ob-
stetrics and Gynecology Clinic of Turgut Ozal University
Hospital. An approval of the study protocol was obtained from
the ethics committee at Turgut Ozal University and written
informed consent was signed by the attending women. The
current study involved 810 healthy women with singleton
pregnancies. Demographic characteristics of participants in-
cluding age, gravida, parity, body mass index (BMI), and ges-
tational age were recorded. The exclusion criteria for the par-
ticipants included the existence of any type of abnormal preg-
nancies (polyhydramnios, oligohydramnios, fetal abnormali-
ty, etc.), systemic or infectious diseases, pregestational type 1
and type 2 diabetes, and smoking habit.

In order to screen the GDM, oral glucose challenge tests
were conducted on patients who are at 24-29 weeks’ gesta-
tion, regardless of fasting status. A venous blood sample was
obtained from all women an hour after the ingestion of 50 g
oral glucose load. The study participants with positive GCT
results subsequently underwent a 3-h, 100-g OGTT. In order
to determine the gestational glucose tolerance status of pa-
tients, OGTT results were evaluated using Carpenter and
Coustan diagnostic criteria. Accepting the cutoff value of
130 mgy/dl to entitle GCT as a positive test has been demon-
strated to improve the sensitivity of test results up to 100 %
[13]. Therefore, this study classified 1-h venous plasma glu-
cose concentration of >130 mg/dl as a positive screening
result.

Women with a positive test result subsequently received a
3-h, 100-g OGTT, which was considered as the diagnostic test
for GDM. A positive OGTT was defined as venous plasma
glucose concentration of >95 mg/dl for fasting, >180 for 1 h,
>155 for 2 h, and >140 for 3 h. A patient was diagnosed as
having GDM when two or three of the OGTT values at or
above these thresholds. Serum glucose levels were measured
with using the hexokinase method (COBAS Integra 800,
Roche, Germany). Blood glucose values for all women were
recorded and then classified as follows: GCT, fasting plasma
glucose (FPG), 1-, 2-, and 3-h glucose values. All parameters

were statically analyzed to determine whether any of them
predict or point GDM by itself.

Statistical analyses

The statistical analyses were conducted using the SPSS 15.0
statistical software package (SPSS Inc., Chicago, IL, USA).
ROC analysis was performed to evaluate the sensitivity and
specificity of GCT and OGTT values for detecting GDM. In
order to evaluate the effects of these tests on the prediction of
the development of GDM, logistic regression analysis was
used. A value of p<0.05 was considered as statistically
significant.

Results

Our analysis was comprised of 810 subjects with median age
of 28 years (range 16-46 years), gravida of 2 (range 1-9),
parity of 1 (range 0-8), gestational age of 26 weeks (range
24-29 weeks), and BMI of 28 kg/m” (range 20-38.8 kg/m?).
Out of 810, 228 women (28.1 %) were found to have GCT
values at or above 130 mg/dl. This group received 100-g
OGTT in order to evince GDM. The gestational diabetes
was diagnosed in 70 (8.6 %) of the 810 participants. Only
46 (5.7 %) pregnant women had impaired glucose tolerance
(IGT). One hundred fifty-eight (19.5 %) cases had normal
OGTT after observing a positive 50 g OGL test. The remain-
ing subjects exhibited normal results following 50 g screening
test.

Table 1 presents the empirical results of our analyses. Al-
though all of the GCT and OGTT values were found to be
statistically significant (p<0.001) in determining GDM, the 2-
h values of OGTT detected almost all GDM cases with a very
high sensitivity level (94.5 %). The 1-h values on the other
hand identified 87.6 % of GDM (p<0.001) The GCT value

Table 1 ROC results for GCT and OGTT values in predicting GDM
AUC SE P 95 % confidence interval
Lower bound  Upper bound
GCT 0774  0.037 <0.001 0.701 0.846
FPG 0772  0.044  <0.001 0.684 0.859
1h 0.876  0.029 <0.001 0.819 0.932
2h 0.945 0.015 <0.001 0917 0.974
3h 0.852 0.035 <0.001 0.784 0.921

p<0.05 was considered as statistically significant

AUC area under the curve, SE standard error, GCT glucose challenge test,
FPG fasting plasma glucose
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with the highest sensitivity (79.2 %) and specificity (72.8 %)
in predicting GDM was calculated as 154.50 mg/dL.

Sensitivity and specificity of cutoff values in different
levels for detecting GDM are shown in Table 2. With the
GCT cutoff value of 132.5 mg/dl, we found the specificity
level very low (23 %), in determining GDM with 100 % sen-
sitivity. The highest values of both sensitivity and specificity
for predicting GMD were found at 83.5 mg/dl for FPG (75.0
and 77.5 %, respectively), 175.50 mg/dl for 1 h (79.2 and
86.4 %, respectively), 144.00 mg/dl for 2 h (91.7 and
82.2 %, respectively), and 118 mg/dl for 3 h (75.0 and
80.5 %, respectively).

The result of the logistic regression analysis is presented in
Table 3. Specifically, we found that 1-, 2-, and 3-h values are
effective parameters in predicting GDM (p=0.001, p=0.002,
and p<0.001, respectively). GCT and FPG values, on the oth-
er hand, did not produce statistically significant results for the
same analysis (p=0.544 vs. p=0.817).

Table 2 Sensitivity and specificity values for GCT and OGTT at
various cutoff values
Cutoff Sensitivity Specificity
GCT 132.50 1.000 0.230
138.50 0958 0.302
142.50 0.917 0.467
145.50 0.833 0.538
154.50 0.792 0.728
FPG 69.50 1.000 0.118
73.50 0.875 0.249
76.50 0.833 0.450
83.50 0.750 0.775
90.50 0.542 0917
1h 133.00 1.000 0.349
146.50 0.958 0.509
153.50 0.875 0.615
161.50 0.833 0.734
175.50 0.792 0.864
181.50 0.750 0911
2h 136.50 1.000 0.704
144.00 0.917 0.822
150.50 0.833 0.905
154.50 0.792 0.941
163.50 0.583 0.953
3h 55.50 1.000 0.059
90.50 0.958 0.396
105.50 0917 0.598
110.50 0.833 0.680
118.00 0.750 0.805
133.50 0.667 0.923

GCT glucose challenge test, FPG fasting plasma glucose
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Table 3  Logistic regression results for GCT and OGTT in predicting
GDM

B S.E. P Exp (B)
@GCT 0.016 0.027 0.544 1.016
@FPG 0.005 0.022 0.817 1.005
@1h 0.075 0.023 0.001 1.078
@2h 0.087 0.028 0.002 1.091
@3 h 0.059 0.017 <0.001 1.061
Constant —34.389 7.904 <0.001 0.000

p<0.05 was considered as statistically significant

B regression coefficient, SE standard error, Exp (B) odds ratio, GCT
glucose challenge test, /PG fasting plasma glucose

Discussion

GDM is a common disease occurring in 1-16 % of pregnan-
cies [2—-6]. This condition is highly associated with increased
risk of maternal and fetal morbidity and mortality [14-16].
Therefore, screening and diagnosing this condition with seri-
ous consequences should be given utmost importance. Amer-
ican Diabetes Association (ADA) recommends all pregnant
women be screened with 50 g GCT for GDM after reaching
24-28 weeks of gestation [15]. A plasma glucose value be-
tween 130 and 140 mg/dl is commonly used as a threshold for
performing a diagnostic oral glucose tolerance test (OGTT). A
positive GCT requires subsequent OGTT to establish a diag-
nosis of GDM. According to ADA, if GCT threshold is ac-
cepted as >140 mg/dl, 80 % of GDM cases can be recognized,
while cutoff value is set at 130 mg/dl, GDM cases reach 90 %
[17]. There are a number of studies focusing on the most
sensitive test for diagnosing GDM accurately. One of them
indicates that high-sensitivity cutoff values of GCT for
predicting GDM were 142 mg/dl [18]. Juntarat et al. included
838 pregnant women in their study and they identified a GCT
value of >140 mg/dl as the cutoff value for detecting GDM,
which showed the sensitivity and specificity of 95.3 and
48.6 %, respectively [19]. In our study, 50 g GCT by itself
detected GDM cases with a sensitivity of 77.4 % (Table 1).
When we accepted GCT cutoff value as 132.5 mg/dl, all of
GDM cases were identified with GCT. Apart from our study,
Maritta et al. cited that when GCT cutoff value was set as
7.3 mmol/l (130 mg/dl), 79 % of GDM cases were determined
with 1-h, 50-g GCT without regarding risk factors [20]. They
concluded that 50 g GCT appeared to identify a higher number
of GDM than risk factor-based screening. On the other hand,
Coustan et al. [21] found that 35 % of pregnant women with
GDM could not be diagnosed by performing 50 g GCT in all
pregnant women over 30 years of age and younger ones with
risk factors. In another study, Corrado et al. evaluated the
correspondence between the first-trimester FPG and 2-h, 75-
g OGTT which were performed at 24-28 weeks gestation in
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order to diagnose gestational diabetes [22]. They included 738
pregnant women in their study and they declared that even
though there was no complete association in diagnosing
GDM between the first-trimester FPG value and the parame-
ters ofa 2-h, 75-g OGTT, FPG >92 mg/dl could be accepted as
highly predictive for GDM. In current study, the highest value
of both sensitivity and specificity for predicting GMD was
found as 83.5 mg/dl for FPG (75.0 and 77.5 %, respectively).

In this study, 2-h values of OGTT detected almost all GDM
cases with a high sensitivity (94.5 %). On the other hand, 1-h
values turned out to be identifying 87.6 % of GDM. This is the
first study to reveal the importance of 2-h OGTT values. To
the best of our knowledge no other study has demonstrated
this significant relationship. The success of one of the OGTT
parameters in pointing out the GDM may come in handy
during clinical practice.

The primary limitation of this study is that it relied solely
on retrospective data. A further potential limitation of our
study is that the small number of patients may have been
diagnosed with GDM. In conclusion, 2-h OGTT values ap-
peared to identify the highest number of GDM than the other
parameters. So clinicians must take into account this signifi-
cant result and scrutinize what they have in their hands while
assessing their patient’s test results. The effects of each OGGT
parameters and GCT values on predicting GDM need to be
further studied.

Contflicts of interest None.
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Abstract The aim of this study was to describe the efficacy
and safety of two insulin intensification strategies in patients
recruited in India with type 2 diabetes mellitus inadequately
controlled on basal insulin glargine with metformin and/or
pioglitazone. This multinational, open-label, randomized, par-
allel-arm, noninferiority, phase IV clinical trial evaluated in-
sulin lispro low mixture (LM25) and basal insulin glargine
administered with prandial insulin lispro (IGL) for 24 weeks.
Patients were male and female, aged >18 to <75 years, with
screening glycosylated hemoglobin (HbA.) concentration
>7.5 to <10.5 % and fasting plasma glucose <121 mg/dL.
The primary efficacy end point was change in HbA,. from
baseline to 24 weeks of treatment. Secondary efficacy end
points included change in HbA . from baseline to 12 weeks
and change in fasting blood glucose (FBG) from baseline to
12 and 24 weeks. Safety and tolerability were measured by
treatment-emergent adverse events and the incidence, rate,
and severity of hypoglycemic episodes. Of 81 patients
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randomized to LM25 (n=40) or IGL (n=41), 80 patients com-
pleted the trial and one patient discontinued due to subject
decision. Mean (SD) change in HbA . from baseline to week
24 was —1.2 % (1.11) for the LM25 group and —1.0 % (1.18)
for the IGL group. Safety profile, mean (FBG), glycemic var-
iability, hypoglycemic episodes per patient-year, and health
outcome measures were numerically similar between the
two groups. The results of this post hoc analysis in an Indian
subpopulation were consistent with results reported for the
trial-level population and provide information to the consid-
eration of LM25 as treatment option for intensification.

Keywords Analog - HbA . - Insulin - Insulin glargine -
Insulin lispro - Premixed

Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder char-
acterized by progressive decline of insulin secretion by pan-
creatic 3 cells [1]. The International Diabetes Federation esti-
mates that by 2035, the prevalence of diabetes will increase
from 382 million to 592 million people, many of whom will
reside in low and middle income countries and will be youn-
ger than 60 years [2]. The prevalence of diabetes is more than
65 million in India and is likely to reach 79.4 million by 2030
[2,3]. T2DM is more predominant in India, where one of three
patients with T2DM is overweight or obese [4]. The increase
in prevalence in India is mainly due to urbanization, sedentary
lifestyle, and rising prevalence of obesity [5].

Various guidelines have recommended different ap-
proaches for management of diabetes. The American
Diabetes Association (ADA) and the European Association
for the Study of Diabetes (EASD) focused on patient-
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centered management that includes providing respectful care,
understanding individual patient needs and preferences, and
responding accordingly. Current guidelines from ADA/EASD
recommend patient education and changes in lifestyle, includ-
ing diet and exercise, as the foundation of any T2DM treat-
ment regimen. Metformin is usually the first-line drug unless
contraindications exist. If glycosylated hemoglobin (HbA;.)
targets are not achieved or maintained after 3 months, two-
drug combination therapy (i.e., metformin with a
sulphonylurea, thiazolidinedione, dipeptidyl peptidase-4 in-
hibitor, glucagon-like peptide-1 receptor agonist, or basal in-
sulin) is recommended. When two-drug combination therapy
fails to achieve the desired HbA . target, then three-drug com-
bination therapy (with or without basal insulin) is started.
Ultimately, complex insulin therapy alone or in combination
with other agents is recommended when HbA . remains un-
controlled [6-8].

Globally, basal insulin is often the starting insulin for pa-
tients with T2DM. When combination therapy with oral
antihyperglycemic medication (OAM) and basal insulin fails
to achieve adequate glycemic control, intensification of insu-
lin therapy is recommended. Several recommended adminis-
tration methods exist, including the gradual addition of pran-
dial insulin to basal insulin therapy to minimize postprandial
hyperglycemia caused by progressive 3 cell dysfunction [7].
Another strategy is to start premixed insulin (a fixed propor-
tion of intermediate insulin with regular insulin or a rapid
analog) administered traditionally twice daily [6].

Racial, cultural, and ethnic disparities are the key factors to
consider when choosing antidiabetic therapy. Variation in glu-
cose control in different ethnic populations is probably due to
variations in dietary patterns, insulin resistance, glucose me-
tabolism, etc. Guidelines from the Indian National Consensus
Group on the use of insulin in patients with diabetes in India
recommended premixed insulin as a safe, simple regimen that
is easy to start and stay on [9].

Head-to-head data comparing insulin mixtures versus the
addition of prandial insulin in patients inadequately controlled
using basal-only insulin regimens are lacking. Therefore, this
study described the efficacy and safety of two insulin intensi-
fication strategies in patients with inadequate glycemic control
on once-daily basal insulin glargine plus metformin and/or
pioglitazone. This manuscript describes the results of a post
hoc analysis of the Indian subpopulation; the trial-level results
have been described elsewhere [10].

Materials and methods

Design

This was a multinational, multicenter, open-label, random-
ized, parallel-arm, noninferiority (margin of 0.4 %), phase

IV clinical trial. Patients were enrolled in 55 study centers in
11 countries (Argentina, Brazil, China, Egypt, India, Republic
of Korea, Mexico, Romania, Russian Federation, Spain, and
Turkey). In India, patients were enrolled in eight study centers.

Eligible patients were randomized in a 1:1 ratio to subcu-
taneous insulin lispro low mixture (LM25) twice daily or basal
insulin glargine once daily, administered with prandial insulin
lispro once daily (IGL) for 24 weeks and a stable dose of
metformin and/or pioglitazone. LM25 was administered be-
fore breakfast and dinner (100 U/mL prefilled pens), basal
insulin glargine at bedtime, and prandial insulin lispro before
the largest meal of the day (100 U/mL prefilled pens). The
largest meal of the day was defined as the meal with the
highest 2-h postprandial blood glucose concentration recorded
during the 2-week screening period using three separate 7-
point self-monitoring of blood glucose (SMBG) profiles.
The patient’s last dose of insulin glargine during the screening
period was considered the initial total dose of LM25 and split
into two equal doses per day. Patients in the IGL group were
initiated with insulin lispro 4 IU daily and continued on the
same dose of insulin glargine they received during the screen-
ing period. Randomization was stratified by country and
HbA,. concentration at baseline (<8.5 or >8.5 %) [10]. All
patients provided written informed consent, and the study was
conducted in accordance with the ethical principles of the
Declaration of Helsinki and is consistent with good clinical
practices and applicable local laws and regulations.

Patients

Male and female patients aged >18 to <75 years with a diag-
nosis of T2DM based on history and clinical impression con-
sistent with the World Health Organization’s Classification of
Diabetes [11] were recruited. At screening, patients were to
have had HbA,. concentrations >7.5 to <10.5 %, be taking
stable doses of metformin and/or pioglitazone, and have re-
ceived treatment with basal insulin glargine injected once dai-
ly for >90 days before the screening visit. Patients were also
required to have a fasting plasma glucose (FPG) concentration
<121 mg/dL, determined by the central laboratory, or
>121 mg/dL if the investigator determined further titration
of basal insulin glargine was not possible for safety reasons.
Patients were excluded from the study if they had a screening
body mass index >45 kg/m® or more than one episode of
severe hypoglycemia within 24 weeks before screening [10].

Outcome measures and assessments

The primary efficacy end point was change in HbA,. from
baseline to 24 weeks of treatment. Secondary efficacy end
points were change in HbA . from baseline to 12 weeks of
treatment; change in fasting blood glucose (FBG) concentra-
tion from baseline to 12 and 24 weeks; 7-point SMBG profiles
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at 12 and 24 weeks; glycemic variability (defined as the SD in
7-point SMBG profiles) at 12 and 24 weeks; daily total, basal,
and prandial insulin doses at 12 and 24 weeks; and change in
weight from baseline at 12 and 24 weeks.

Safety end points were measured by treatment-emergent
adverse events (TEAEs); incidence, rate, and severity of hy-
poglycemic episodes (categorized as documented symptom-
atic [<70 mg/dL], nocturnal, and severe); and vital signs.
Patients insulin treatment satisfaction was assessed using the
22 grouped items on the Insulin Treatment Satisfaction
Questionnaire (ITSQ). In addition, patients perceptions about
the acceptability and effectiveness of their diabetes medica-
tions and perceived emotional and physical adverse events
were assessed using the 21-item Perceptions About
Medications-Diabetes 21 (PAM-D21) questionnaire, compris-
ing four subscales (convenience/flexibility, perceived effec-
tiveness, emotional effects, and physical effects) [10].

Statistical analysis

The intention-to-treat (ITT) population comprised all random-
ized patients who received at least one dose of study medica-
tion. The per-protocol (PP) population comprised all random-
ized patients except those who did not complete the study,
received study drug different from their randomized study
treatment, had any significant protocol violations, or were
significantly noncompliant [10].

All measures were summarized using descriptive statistics
including counts and percentages for categorical variables,
and mean, SD, median, and interquartile range (IQR) for con-
tinuous variables. No treatment comparisons were performed
because this was a subgroup analysis with a relatively small
sample size. Noninferiority was not assessed in this Indian
subpopulation.

Fig. 1 Summary of patient
disposition. LM25 insulin lispro
low mixture (insulin lispro
protamine suspension 75 % and
insulin lispro solution 25 %), IGL

Results
Patient disposition

A total of 143 patients were screened for study entry in India
(Fig. 1), of which 81 patients were randomized to 24 weeks of
treatment either with LM25 (n=40) or IGL (n=41). Eighty
patients completed the study, and one patient discontinued
from the IGL group due to subject decision.

Baseline characteristics

Patient demographics and baseline disease characteristics are
shown in Table 1. At baseline, the mean (SD) age was
53.8 years (10.37) and mean (SD) HbA, levels were 8.6 %
(0.73); 40 patients (49.4 %) had baseline HbA;, <8.5 %.
Overall, prior to baseline, 80 patients (98.8 %) were receiving
concomitant metformin, 14 patients (17.3 %) were receiving
concomitant pioglitazone, and 13 patients (16.0 %) were re-
ceiving both concomitant metformin and pioglitazone. A total
of 51 (63.0 %) patients had a preexisting condition, most
commonly vascular (37 patients [45.7 %]) and metabolic
and nutritional (20 patients [24.7 %]) disorders, and 65 pa-
tients (80.2 %) were receiving concomitant medications for
conditions other than diabetes.

Efficacy

For the primary end point, mean (SD) change in HbA . from
baseline to week 24 was —1.2 % (1.11) for the LM25 group
and —1.0 % (1.18) for the IGL group for the PP population.
The corresponding mean (SD) change in HbA ;. for the ITT
population was —1.2 % (1.11) for the LM25 group and —1.0 %
(1.16) for the IGL group.

Patients screened (n=143)
Patients randomized (n=81)

insulin glargine once-daily and ‘l’
prandial insulin lispro once-daily

y

LM25 twice daily (n=40)

IGL (n=41)

Patients completing the study (n=40)

Patients discontinuing the study (n=0)

Patients completing the study (n=40)

Patients discontinuing the study (n=1)

Subject decision (n=1)

@ Springer



Int J Diabetes Dev Ctries (April-June 2017) 37(2):116-123

119

Table 1  Baseline patient characteristics for the intention-to-treat population
Characteristic LM25% (N=40) IGL® (N=41) Overall (N=81)
Male sex (n [%]) 24 (60.0) 27 (65.9) 51 (63.0)
Age, years (mean [SD]) 53.7 (10.94) 54.0 (9.92) 53.8 (10.37)
Weight, kg (mean [SD]) 70.3 (13.00) 72.2 (12.16) 71.3 (12.54)
BMI, kg/m? (mean [SD]) 26.3 (4.08) 26.9 (4.15) 26.6 (4.10)
Duration of diabetes, years (mean [SD]) 10.2 (8.43) 7.7 (4.72) 8.9 (6.88)
HbA ., % (mean [SD]) 8.5(0.74) 8.6 (0.73) 8.6 (0.73)
HbA . <8.5 % (n [%]) 20 (50.0) 20 (48.8) 40 (49.4)
Fasting blood glucose, mg/dL (mean [SD]) 98.7 (13.08) 97.3 (13.08) 98.0 (13.0)
Insulin glargine dose at screening visit, [U (mean [SD]) 21.2 (11.10) 21.9 (10.98) 21.5(10.98)
Concomitant oral antihyperglycemic medication

Metformin (n [%]) 40 (100.0) 40 (97.6) 80 (98.8)

Daily dose, mg (mean [SD]) 1797.6 (267.53) 1799.4 (278.19) 1798.5 (271.18)

Pioglitazone (n [%]) 4(10.0) 10 (24.4) 14 (17.3)

Daily dose, mg (mean [SD]) 30.0 (0.00) 30.0 (0.00) 30.0 (0.00)

Metformin and pioglitazone (1 [%]) 4(10.0) 9 (22.0) 13 (16.0)

BMI body mass index, HbA ;.. glycosylated hemoglobin A, /GL insulin glargine plus prandial insulin lispro, LM25 insulin lispro low mixture

Insulin lispro low mixture (insulin lispro protamine suspension 75 % and insulin lispro solution 25 %)

®Basal insulin glargine once-daily and prandial insulin lispro once-daily

The mean (SD) changes in HbA;. from baseline to
week 12 were —0.7 % (1.20) and —0.7 % (1.44) in the
LM25 and IGL groups, respectively. The observed
HbA,. levels throughout the study are presented in
Fig. 2a.

Median FBG concentration (IQR) at baseline was
101.80 mg/dL (91.89-107.21 mg/dL) for the LM25
group and 97.30 mg/dL (88.29-106.31 mg/dL) for the
IGL group. Median changes in FBG (IQR) from base-
line to week 12 were 17.12 mg/dL (3.60-36.94 mg/dL)
for the LM25 group and 11.71 mg/dL (—6.31-36.04 mg/
dL) for the IGL group. In addition, median changes in
FBG (IQR) from baseline to week 24 were 13.51 mg/
dL (-12.61-36.04 mg/dL) for the LM25 group and
21.62 mg/dL (—5.41-45.95 mg/dL) for the IGL group.

The mean unadjusted 7-point self-monitoring of
blood glucose levels at baseline and 24 weeks are pre-
sented in Fig. 2b. The mean (SD) daily average 7-point
SMBG profile values were 165.6 mg/dL (26.13) and
162.0 mg/dL (30.81) at baseline and 138.7 mg/dL
(21.08) and 135.9 mg/dL (13.33) at week 24 for the
LM25 and IGL groups, respectively. At week 24, the
total mean (SD) daily doses were 46.9 1U (18.14) for
the LM25 group and 41.8 IU (14.07) for the IGL group.
Daily basal insulin doses for the LM25 and IGL groups
at end point were 35.2 TU (13.60) and 27.4 IU (11.61),
respectively. In addition, doses of daily prandial insulin
at end point for the LM25 and IGL groups were
11.7 TU (4.53) and 14.5 TU (4.88), respectively.

Safety

At least one TEAE was reported by 20 patients (50.0 %) in the
LM25 group and 15 patients (36.6 %) in the IGL group. Two
patients (5.0 %) in the LM25 group and one patient (2.4 %) in
the IGL group experienced events that were considered pos-
sibly related to the study treatments. Two serious TEAEs
(myocardial infarction and hypoglycemia) were reported in
two patients from the LM25 group. No patient discontinued
because of adverse events or died during the study. Eight
patients (20.0 %) in the LM25 group and 14 patients
(34.1 %) in the IGL group experienced at least one episode
of documented symptomatic hypoglycemia. Ten patients
(25.0 %) in the LM25 group and 13 patients (31.7 %)
in the IGL group experienced at least one episode of
asymptomatic hypoglycemia. Six patients (15.0 %) in
the LM25 group and five patients (12.2 %) in the IGL
group experienced at least one episode of nocturnal hy-
poglycemia. One patient (2.5 %) in the LM25 group
experienced severe hypoglycemia, and no patients report-
ed severe hypoglycemia in the IGL group (Table 2). The
mean (SD) change in body weight from baseline to week
24 was 0.0 kg (1.86) in the LM25 group and —0.2 kg
(2.08) in the IGL group.

Health outcomes

Mean baseline and end point subscale scores on the ITSQ and
PAM-D21 are summarized in Table 3. Total scores on the
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Fig. 2 Glycemic control throughout the study for the intention-to-treat
population receiving insulin lispro low mixture (LM25; insulin lispro
protamine suspension 75 % and insulin lispro solution 25 %) twice
daily or basal insulin glargine once—daily and prandial insulin lispro
once-daily (IGL). HbA,. glycosylated hemoglobin A, . a Box plot of
observed HbA . levels (per patient population). b Mean unadjusted
7-point self-monitoring of blood glucose levels at baseline and 24 weeks

ITSQ range from 0 to 100, where 100 indicates complete
satisfaction with insulin treatment. Mean (SD) total scores
on the ITSQ were 79.6 (12.67) in the LM25 group and 80.0
(14.14) in the IGL group at baseline, and 84.2 (10.55) in the
LM25 group and 84.6 (11.53) in the IGL group at week 24.
The mean (SD) change from baseline to week 24 was 4.5
(9.93) in the LM25 group and 4.3 (11.32) in the IGL group.

Subscale scores on the PAM-D21 range from 0 to 100,
where higher scores indicate better perceptions about diabetes
medications. There were no obvious differences in mean
scores between treatment groups at baseline in the four sub-
scales (convenience/flexibility, perceived effectiveness, emo-
tional effects, and physical effects).

@ Springer

Discussion

When combination therapy with OAM and basal insulin fails
to achieve adequate glycemic control, intensification of insu-
lin therapy is recommended. Per guidelines, different ap-
proaches exist for intensifying insulin therapy in patients with
T2DM, including adding a prandial insulin or switching pa-
tients from their basal insulin regimen to a premixed insulin
regimen. In India, the preferable prescribing pattern of OAMs
is either metformin alone or metformin in combination with
glimepiride [12—14]. Both LM25 and IGL regimens are cur-
rently used in clinical practice in India. For patients with
T2DM failing to reach glycemic targets on basal insulin,
National Guidelines on Initiation and Intensification of
Insulin Therapy recommend intensification with premixed in-
sulin analogs (grade A, evidence level 2). Premixed insulin
preparations are simple and convenient regimens that provide
coverage for postprandial plasma glucose in addition to FBG
with the same insulin resulting in effective glycemic control.
Physicians strive to provide the best treatment to their patients
by practicing evidence-based medicine. However, there is lit-
tle head-to-head data comparing premixed insulin analogs
with the addition of prandial insulin in patients inadequately
controlled on a basal-only insulin plus OAM regimen. Data
from studies involving the use of multiple doses of prandial
insulin lispro have been reported [15, 16].

Single-arm or observational studies have shown im-
provement in glycemic control when treatment was in-
tensified with a premixed insulin regimen from basal
insulin regimen with or without OAMs. This improve-
ment in glycemic control did not lead to risk of hypo-
glycemia or increased weight [17]. Similarly, open-label,
randomized crossover studies have shown significant
improvement in glycemic control when intensified with
LM25 twice daily plus metformin compared to once-
daily insulin glargine in combination with metformin
[18]. These studies did not show consistency in the
definition of failure to previous therapy. This study did
not include a run-in period to optimize the insulin
glargine dose as it appears that the patients recruited
were on optimal doses of basal insulin, as shown by
the FPG concentration <121 mg/dL. In Indian patients,
fasting glucose was well controlled; however, postpran-
dial glucose contributed to the high HbA;. values.
Therefore, the optimal strategy would be to add a pran-
dial component rather than increase the basal dose.
Despite the increase observed in FBG in the study,
overall glycemic control improved with both strategies,
all of which indicate that the prandial component was
responsible for the improvement.

The data in the present study report on an Indian subgroup
post hoc analysis from a recently completed multiregional
clinical trial [10]. In this patient population recruited in
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Table 2 Reported hypoglycemia with insulin lispro low mixture or basal insulin glargine in patients with type 2 diabetes mellitus

41)

IGL® (V-

—40)

LM25% (N

pisode (n [%]) No. of episodes per patient-year (mean [SD]) Patients with >1 episode (n [%]) No. of episodes per patient-year (mean [SD])

Patients with >1 ¢

Hypoglycemia

9.4 (22.02)
3.6 (9.68)

20 (48.8)

4.3 (10.13)
2.1(5.97)
2.0 (5.19)
0.5 (1.49)
0.1 (0.34)

12 (30.0)

Overall (<70 mg/dL)

14 34.1)

Documented symptomatic (<70 mg/dL) 8 (20.0)

5.6 (17.01)
1.1 (5.05)
0.0 (0.0)

13 31.7)

10 (25.0)

Asymptomatic (<70 mg/dL)

Nocturnal

Severe

5(12.2)
0.0 (0.0)

6 (15.0)
12.5)

IGL insulin glargine plus prandial insulin lispro, LM25 insulin lispro low mixture, No. number

Insulin lispro low mixture (insulin lispro protamine suspension 75 % and insulin lispro solution 25 %)

® Basal insulin glargine once-daily and prandial insulin lispro once-daily

India, we observed mean reduction in HbA . in both groups.
These results are consistent with the trial-level results, which
showed a decrease in HbA . after 6 months in patients with
T2DM treated with LM25 or IGL. The results from the Indian
subpopulations also showed a decrease in mean changes in
daily average blood glucose values from 7-point SMBG pro-
file values and a decrease in mean changes in glycemic vari-
ability in both treatment groups at weeks 12 and 24, which
were consistent with the trial-level results. Mean weight
changes in the Indian subpopulation were not clinically
relevant, and the study did not demonstrate any obvious
differences in overall satisfaction with insulin treatment,
although no statistical analysis was done in the Indian
subgroup. The overall safety profile was similar be-
tween the two groups.

The overall trial-level results of the present study showed
glycemic control with LM25 to be noninferior (margin of
0.4 %), and subsequently superior to glycemic control with
IGL as measured by change in HbA . after 24 weeks of treat-
ment. This study did not show any statistically significant
differences in mean average daily glucose or glycemic vari-
ability. There were no significant treatment differences for the
secondary efficacy variables evaluated such as proportion of
patients achieving a target HbA . <7.0 or <6.5 % at 24 weeks,
change in FPG concentration from baseline to 12 and
24 weeks, and insulin dose (total, basal, and prandial) at 12
and 24 weeks. The mean observed changes in body weight
from baseline to week 24 were not clinically relevant [10].

Limitations of this clinical trial included the open-
label trial design, dictated by the two regimens’, use
of insulin with different appearances, dosing require-
ments, and injection devices. Prandial insulin lispro
was administered before the meal that had the highest
2-h postprandial blood glucose concentration and was
given with the same meal throughout the study.
Flexibility in dose scheduling was not allowed; howev-
er, we believe that this would not have affected study
results, as the bolus was given with the largest daily
meal, irrespective of the country, diet, or time of day.
The study was not powered to assess potential differ-
ences between the two insulin regimens depending on
the timing of the main meal. Therefore, any impact on
glycemic profile, glycemic variability, or incidence of
hypoglycemia may be further assessed in future studies.
Another limitation was study duration, as longer term
effects of two insulin regimens were not explored; how-
ever, the 24-week duration has been used in previous
studies that examined the efficacy of first insulin inten-
sification with premixed insulin or prandial insulin
added to basal insulin [10, 15].

This post hoc subgroup analysis adds new information to
the consideration of LM25 as a treatment option in Indian
patients inadequately controlled with basal-only insulin plus
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OAM regimens. Further studies may be required to interpret
the best regimen for any specific population/country.
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Abstract This study aimed to investigate the association
between single nucleotide polymorphisms (SNPs) in the
gene of ADP-ribosylation factor-like 15 (ARLI5) and
morbidity of type 2 diabetes (T2D) in Yanbian Korean
Chinese population. A total of 651 subjects including
327 subjects with T2D and 324 subjects with normal glu-
cose tolerance (NGT) were involved. Genotypes and al-
leles of SNPs rs26770, rs4311394, and rs35941 in ARLI5
were analyzed. The results indicated: (1) frequency of
genotype GG for SNP rs26770 in T2D group was higher
than that in NGT group and showing as recessive model
(P=0.045), (2) frequency of combined genotype AG-GG-
CC of the three SNPs rs26770, rs4311394, and rs35941 in
ARLIS5 in T2D group was higher than that in NGT group
(P=0.045), (3) Haplotype G A T for the three SNPs
showed positive correlation with T2D development (P=
0.007). The following conclusion was drawn: for SNPs
rs26770, rs4311394, and rs35941, genotype GG for
rs26770, haplotype G A T, and joint genotype AG-GG-
CC may be risk factors for T2D development in Korean
Chinese population in Yanbian, China.
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Introduction

Type 2 diabetes (T2D) is a complicated disease with relatively
high genetic heterogeneity featured by increased plasma glu-
cose [1, 2]. Advanced diabetics are usually suffered from one
or more severe complications of cardiovascular diseases, oc-
ular diseases, kidney diseases, etc. [3, 4]. Even though its
pathogenesis is still not completely understood, but the insulin
resistance and its relative scarcity are surely primary causes
for hyperglycemia. In 2009, a study with genome-wide asso-
ciation studies (GWAS) on the single nucleotide polymor-
phisms (SNPs) which are located in the gene of ADP-
ribosylation factor-like 15 (ARL15) by Richards et al. showed
that the allele rs4311394G is highly related to
hypoadiponectinemia and T2D with coronary artery disease
(CAD) on Europeans [5] and in 2014, Li et al. found the same
allele is associated with T2D development [6]. These previous
studies manifest polymorphisms of ARL/5 may play impor-
tant roles in T2D development and its complications.
Considering of ethnic specificity, for making sure of the
association between ARL15 and T2D, different races in differ-
ent places are needed to be in research. The aim of this study
was to investigate the association between three SNPs,
1s26770, rs4311394, and rs35941, in ARLI5 and T2D in
Korean Chinese population in Yanbian, China, and to ascer-
tain that if ARL5 is a susceptible gene for this population.
Yanbian is a Korean Autonomous Prefecture located in
Jilin Province of the northeast of China. A population of 2,
209,646 lived there. Among them 1,341,175 (60.69%) are
Han Chinese who largely emigrated from Shandong
Province of the east of China, whereas 801,210 (36.26%)
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are Korean Chinese whose ancestors came from North Korea,
and the others of 67,261 (3.05%) are of other races (Fifth
national population census of China, 2000).

Subjects and methods
Subjects

The 651 subjects involved in this study were ethnic Koreans
with Chinese nationalities and aged 35-year-old or above who
do not have genetic relationship with each other and were
living in Yanbian for at least 10 years. All of them have signed
Informed Consent Forms. These 651 subjects were divided
into two groups: 327 subjects in T2D group (153 males and
174 females) and 324 subjects in normal glucose tolerance
(NGT) group (144 males and 180 females). T2D patients were
diagnosed based on the criteria suggested by the American
Diabetes Association (ADA), whereas excluding other types
of diabetes [7]. They were diagnosed within the recent 5 years
and showing mild complications, e.g., numbness of foots and
deterioration of vision. According to the doctor’s advice, they
injected premixed insulin routinely.

Clinical data measurements

Waist and hip circumferences, height, and weight were mea-
sured with CREAJOY flexible rule (Shanghai Creajoy, Inc.,
Shanghai, China) and RGZ-160 height and weight scale
(Jiangsu Suhong Medical Equipments, Inc., Changzhou,
Jiangsu, China). Triglyceride (TG), total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density li-
poprotein cholesterol (HDL-C), and fasting plasma glucose
(FPG) were measured on 7600 Clinical Analyzer (Hitachi,
Ltd., Chiyoda, Tokyo, Japan) by Yanbian University

C  Genotypes for SNP rs35941

Hospital (Yanji, Jilin, China). Plasma adiponectin (PA) and
fasting plasma insulin (FPI) were tested with Human
Adiponectin/Acrp30 Quantikine ELISA Kit (R&D Systems,
Inc., Minneapolis, MN, USA) and Human Insulin ELISA
Development Kit (PeproTech, Rocky Hill, NJ, USA) by
Shanghai Westang Bio-Tech Co., Ltd. (Shanghai, China).
Genomic DNA was extracted from whole blood with
AxyPrep Blood Genomic DNA Miniprep Kit (Corning Inc.,
Tewksbury, MA, USA). Waist-to-hip ratio (WHR), body mass
index (BMI), and homeostasis model assessment of insulin
resistance (HOMA-IR) were calculated with the formulas
WHR =waist/hip, BMI=weight/(height)®, and HOMA-IR=
FPG-FPI/22.5, respectively.

PCR amplification

Genotypes were screened with ABI PRISM SNaPshot
Multiplex Kit (Applied Biosystems, Inc., Foster City, CA,

Table 1  Clinical data in T2D and NGT groups
Item T2D group NGT group P
(n=327) (n=324)

Age (years) 62.12+6.70 60.50+9.33 0.130
WHR 0.88+0.10 0.87+0.06 0.243
BMI (kg/m?) 24.54+3.26 23.91+3.79 0.080
FPG (mmol/L) 8.39+3.87 5.40+1.59 <0.001
TC (mmol/L) 4.97+1.03 4.85+091 0.534
TG (mmol/L) 2.34+1.65 2.13£1.62 0.374
HDL-C (mmol/L) 1.38+0.37 1.61+0.46 <0.001
LDL-C (mmol/L) 2.58+0.76 2.56+0.82 0.851
PA (ng/mL) 3.87+2.19 5.34+3.08 <0.001
FPI (ng/mL) 14.78+11.32 18.24+9.80 0.035
HOMA-IR 5.51+1.95 4.38+0.69 <0.001

Data are expressed as mean+SD. P values were calculated with 7 test
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324)
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(n
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=327)

1s35941
(n
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324)
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(n

T2D group
=327)

(n

4311394

324)

NGT group

(n

T2D group
=327)

(n

Table 2  Distribution of frequencies of alleles and genotypes for the SNPs in ARL/5 in T2D and NGT groups
P

1526770
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Allele

Allele

Allele

0.483

213 (0.329)
435 (0.671)

227 (0.347)
427 (0.653)

T

0.927

287 (0.443)
361 (0.557)

288 (0.440)

G

0.651

230 (0.355)
418 (0.645)

240 (0.367)
414 (0.633)

366 (0.560)

Genotype

Genotype

Genotype

40 (0.122) 30 (0.093) 0.463

TT
TC

72 (0.217) 60 (0.185) 0.208

GG
GA

57 (0.174) 37 (0.114) 0.009

GG
GA

152 (0.472)
142 (0.435)

147 (0.450)
140 (0.428)

167 (0.516)
97 (0.299)

147 (0.447)

155 (0.482)
132 (0.404)

126 (0.386)
144 (0.440)

CC
Dominant model

108 (0.336)

Dominant model

Dominant model

0.794

182 (0.565)
142 (0.435)

187 (0.572)
140 (0.428)

TT+TC

CC
Recessive model

0.396

227 (0.701)
97 (0.299)

183 (0.56) 193 (0.596) 0.394 GG+GA 219 (0.664)
132 (0.404)

144 (0.44)

GG+GA

108 (0.336)

Recessive model

Recessive model

40 (0.122) 30 (0.093) 0.220

TT

72 (0.217) 60 (0.185) 0.266

GG

0.045

57 (0.174) 37 (0.114)

GG

287 (0.878) 294 (0.907)

TC+CC

255 (0.783) 264 (0.815)

GA+AA

270 (0.826) 287 (0886)

GA+AA

Data are expressed as frequency and its percentage in parentheses. P values were calculated with > test

Table 3  Distribution of the joint genotypes for the three SNPs in
ARLI15 in T2D and NGT groups

1326770-1s4311394 T2D group NGT group P
-1s35941 (n=327) (n=324)

AA-AA-CC 11 (0.034) 12 (0.037) 0.814
AA-AA-CT 14 (0.043) 13 (0.040) 0.863
AA-AA-TT 7 (0.021) 3 (0.009) 0.347
AA-AG-CC 29 (0.089) 28 (0.086) 0.919
AA-AG-CT 25 (0.076) 33 (0.102) 0.255
AA-AG-TT 12 (0.037) 6 (0.019) 0.157
AA-GG-CC 21 (0.064) 14 (0.043) 0.235
AA-GG-CT 20 (0.061) 17 (0.052) 0.632
AA-GG-TT 5(0.015) 6(0.019) 0.749
AG-AA-CC 15 (0.046) 27 (0.083) 0.052
AG-AA-CT 21 (0.06) 18 (0.056) 0.641
AG-AA-TT 5(0.015) 4(0.012) 1.000
AG-AG-CC 30 (0.092) 41 (0.127) 0.154
AG-AG-CT 29 (0.089) 40 (0.123) 0.150
AG-AG-TT 5(0.015) 7 (0.022) 0.549
AG-GG-CC 12 (0.037) 4 (0.012) 0.045
AG-GG-CT 9 (0.028) 11 (0.034) 0.635
AG-GG-TT 0 (0.000) 3 (0.009) 0.244
GG-AA-CC 16 (0.049) 10 (0.031) 0.239
GG-AA-CT 15 (0.046) 10 (0.031) 0.319
GG-AA-TT 4(0.012) 0 (0.000) 0.315
GG-AG-CC 6 (0.018) 3 (0.009) 0.511
GG-AG-CT 9 (0.028) 9 (0.028) 0.984
GG-AG-TT 2 (0.006) 0 (0.000) 0.483
GG-GG-CC 0 (0.000) 3 (0.009) 0.244
GG-GG-CT 5(0.015) 1 (0.003) 0.223
GG-GG-TT 0 (0.000) 1 (0.003) 0.498

Data are expressed as frequency and its percentage in parentheses. P
values were calculated with x> test

USA). Primers and probes were designed based on the se-
quence of ARL15 (GenBank NC_000005.9).

SNPs screening

DNA sequencing was performed on ABI PRISM 3730XL
DNA Analyzer (Applied Biosystems, Inc., Foster City, CA,
USA) by Shanghai Invitrogen Biotechnology Co., Ltd.
(Shanghai, China).

Statistical analysis

SHEsis (http://202.120.7.14/analysis/) was used for
calculating frequencies of alleles and genotypes. Mean,
standard deviation (SD), ¢ test, and x2 test were calculated
with SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Hardy-
Weinberg equilibrium was determined with Hardy-Weinberg
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Table 4 Distribution of the

frequencies of haplotypes for the Haplotype T2D group (n=327)

three SNPs in ARL15 in T2D and

NGT groups AAC 105.76 (0.162)
AAT 79.57 (0.122)
AGC 159.45 (0.244)
AGT 69.22 (0.106)
GAC 121.37 (0.186)
GAT 59.30 (0.091)
GGC 40.42 (0.062)
GGT 18.91 (0.029)

127
NGT group (n=324)  * P OR (95 % CI)

131.43 (0.203) 3694  0.055  0.758[0.571-1.006]
61.32 (0.095) 2465 0116 1.325[0.932-1.885]
138.29 (0.213) 1706 0.192  1.188[0.917-1.540]
86.96 (0.134) 2479 0115  0.764 [0.546-1.069]
134.59 (0.208) 1008 0315  0.869 [0.661-1.143]
33.66 (0.052) 7366 0.007  1.820[1.175-2.820]
30.69 (0.047) 1315 0251  1325[0.818-2.147]
31.06 (0.048) 3192 0074  0.591[0.330-1.059]

Data are expressed as frequency and its percentage in parentheses. P values were calculated with y? test

equilibrium calculator (http://www.oege.org/software/hardy-
weinberg.html) [8]. Linkage disequilibrium was determined
with CubeX (http://www.oege.org/software/cubex/) [9].
P<0.05 was set as the statistically significant threshold.

Results
Sequencing

Nine genotypes were found for three SNPs: AA, AG, and GG
forrs26770; AA, AG, and GG forrs4311394; CC,CT,and TT
for rs35941 (Fig. 1).

Clinical data in groups

Clinical data in T2D and NGT groups were shown in Table 1.
In T2D group, in addition to FPG, TG, and HOMA-IR were
higher than that in NGT group (P<0.001); HDL-C and PA
were lower than that in NGT group (P<0.001).

Hardy-Weinberg equilibrium and linkage disequilibrium

The distributions of genotypes of the three SNPs were deter-
mined in Hardy-Weinberg equilibrium (Ps>0.05). For linkage
disequilibrium, the |D’|s are equal to 1.0, so the loci can be
considered in completely linkage disequilibrium.

Correlation between the SNPs and T2D

The distribution of frequencies of alleles and genotypes for the
three SNPs in ARL/5 in T2D and NGT groups was showed in
Table 2. Genotype GG for the SNP rs26770 manifested the
trend of recessive inheritance responsible for the development
of T2D (P=0.045). So, a subject with genotype GG for SNP
rs26770 may have a higher chance of suffering from T2D
(OR=1.637).

Correlation between joint genotypes of the three SNPs
and T2D

The distribution of the joint genotypes of the three SNPs in
ARLI5 in T2D and NGT groups was showed in Table 3. The
frequency of the joint genotype AG-GG-CC was higher in
T2D group than that in NGT group (P=0.045).

Correlation between haplotypes for the SNPs and T2D

The distribution of the frequencies of haplotypes for the three
SNPs in ARLI5 in T2D and NGT groups was showed in
Table 4. The frequency of haplotype G A T is higher in T2D
group than that in NGT group (P=0.007).

Conclusion

Summarizing the results above, the following conclusion can
be drawn: for SNPs rs26770, rs4311394, and rs35941, geno-
type GG for rs26770, haplotype G A T, and joint genotype
AG-GG-CC may be risk factors for T2D development in
Korean Chinese population in Yanbian, China.

Discussion

ARLI1S5 is a member of ARLs which belong to the family of
ADP-ribosylation factors (ARFs) of Ras superfamily [10].
Even though the function of ARL1S5 is still unknown, howev-
er based on the sequence of the protein, its structure may
resemble that of Ras-related GTP-binding proteins (RGPs)
which play an important role in intercellular transportation,
especially in insulin signal transmission and glucose-
stimulating insulin secretion (GSIS) [11]. ARL1S5 is widely
expressed in insulin-sensitive tissues such as fat, liver, and
especially in skeletal muscles, which are the primary insulin-
mediated and glucose-storing sites [12].
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Similarly with previous researches, we found HDL-C and
PA in type 2 diabetics were lower than that in normal individ-
uals [13—16]. This study also showed that in Yanbian Korean
Chinese population, a subject with genotype GG for SNP
rs26770 in ARL15 would manifest higher risk for T2D devel-
opment with conspicuous traits of recessive inheritance. But
we did not find the polymorphisms of alleles on rs4311394 are
related to T2D development as do in Richards et al.’s research
on Europeans and Li et al.’s research on Yunnan Han Chinese
population [5, 6]. The difference may be due to ethnic speci-
ficity. A risk haplotype G A T and a risk joint genotype AG-
GG-CC for SNPs rs26770, rs4311394, and rs35941 were
found to be related to the development of T2D in Yanbian
Korean Chinese population, and so far, we did not find similar
studies on the risk factors in other populations.

Even though the study pointed to the risk factors for T2D
development in Yanbian Korean Chinese population, but the
reason for their different effects in different races and the
mechanism of ARL/S5 in T2D development are still unclear.
Therefore, we are trying to conduct further studies on this
gene and hoping to unravel the mysteries.
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Abstract About 15 % of all diabetes patients experience foot
complication at some stage in their life. The goal of this re-
view is to systematically assess on effectiveness of multidis-
ciplinary teamwork compared to the standard care in risk re-
duction of diabetes-related foot complications with a primary
and secondary outcome. Literatures of only English language
were analyzed under strict inclusion criteria from electronic
databases search. Result from overall pooled estimate up to
0.65 % reduction, with 95 % CI (p<0. 005) in foot ulceration
and amputation using a multidisciplinary team care as a tool
compared to the standard care in primary outcome. Evidence
also supports program benefits in overall cost (0.6 % reduc-
tion, p<0.005), rate of hospitalization (80 % dropped,
p<0.003), and patient quality of life as secondary outcomes.
Study’s characteristic differed substantially in term of health
care setting, nature of interventions, and outcomes measured
reported. Evidently, multidisciplinary team efforts from spe-
cialists in diabetes, vascular and infectious disease, along with
podiatry expertise and patient educators result in a significant
reduction in diabetes-related foot complications compared to
the standard care.
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Background and aim of the review

According to World Diabetes Foundation [1], it is estimated
that approximately 285 million people have diabetes (6.4 %)
ofthe world’s population and around 80 % of these people live
in developing countries. Foot problem is among the most se-
rious and costly complication of diabetes that can not only
lead to individual disability but also placed an immense cost
on the healthcare system [2]. Diabetes-related foot ulceration
accounts for 15 % of total diabetes patients [3]. Each year,
approximately one million amputations were performed on
people with diabetic foot complication [3, 4], meaning every
30 s a lower limb is lost to diabetes somewhere in the world
[5]. Further epidemiological reports add up to suggest more
than 1 million diabetic foot disease is a progressive condition
and the majority of the people affected are in the under devel-
oped countries [6, 7]. Up to 70 % of all leg amputations are
performed on people with diabetes, and this population has a
25 times greater chance of losing another leg than people
without having the condition [4].

The percentage of population of diabetic foot in developing
countries is rapidly outpacing than that in the developed coun-
tries [8]. In majority of such low socioeconomic countries,
diabetes foot care remains a low priority; foot complications
do not receive the same level of attention as other diabetes
complications [9]. As a result, for example, in India, almost
40,000 legs are amputated every year as a consequence of
diabetes [10].

Evidence suggested that up to 85 % of amputation can be
prevented, and despite the fact that preventive interventions
are often applied in the clinical practices, there is very little
scientific evidence demonstrating the effectiveness for such
interventions [2]. Existing literatures are mainly focused on
the therapeutic management [ 10—13] but lack on holistic team
approach in patient foot care. Based on the available literature
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search for interventions, a comprehensive systematic review is
therefore needed to assess on the current widely recognized
multidisciplinary team approach in preventing foot ulceration
or subsequent risk reduction in amputation as a primary out-
come compared to the standard care. The review also com-
pared on the cost-effectiveness, hospitalization, and patient
overall quality of life as secondary outcomes from this stan-
dardized care. Thus, the overall aim from this review is to
assess whether multidisciplinary team approach can reduce
foot complication and cost, and improve patient quality of life
compared to the standard. Also, this study aims to assess
whether this approach is suitable for many different cultural
and low socioeconomic countries. The outcomes were mea-
sured systematically from each study using standardized
criteria.

Methodology

A recommended model (Systematic Review,; University of
York, 2009) [14] guidance was adopted for conducting this
comprehensive review. The review was originally conducted
between 2011 and 2012, and with recent updates, the authors
added another set of evidence to support on the final findings
from literature published between July 2012 and February
2015. All the relevant information were accessed and
crosschecked with literature search from PubMed, The
Cochrane Library, Ovid MIDLINE-Ovid EMBASE, EBSCO,
and CINAHL. Reports and articles were also accessed elec-
tronically from organizations, i.e., International Working
Group on Diabetic Foot IWGDF), International Diabetes
Federation (IDF), and World Diabetes Federation (WDF).
The following search index terms were used: “diabetic foot,”
“risk of amputation,” “foot ulcer,” “prevalence,” “multidisci-
plinary team,” “patient health and socioeconomic impact.”
Further bibliographies of all relevant and retrieved publica-
tions were identified through this process. Findings from each
study were aggregated to produce a “bottom line” on the clin-
ical effectiveness, feasibility, appropriateness, and meaning-
fulness of the intervention for risk reduction in diabetes-
related foot complication.

2 <

Inclusion/exclusion criteria

Patients with risk of foot ulceration or subsequent am-
putation of age 25 years or above, both male and fe-
male gender, and diagnosed with type 1 or type 2 dia-
betes mellitus are included in the study. Individual
article/journal published from July 2000 to February
2015 highlighting either component of primary or sec-
ondary outcomes were included for this review. Mixed
observational and clinical trial studies of English lan-
guage or translated were included. Full-text versions
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were analyzed for any duplication and quality, against
the modified version [14, 15] (Table 1). Studies were
classified into themes according to their relevance to
the review objectives. The quality assessment was done
independently by the reviewers and were strictly based
on the study design, setting, duration, participants with
type of intervention and outcome measures, allocation
concealment, baseline comparability of treatment groups
for important variables, use of intention to treat analy-
sis, extent of loss to follow-up, and blinded outcome
assessment. Any case series, report, or control studies
(except where nested as part of a cohort studies) and
economic evaluation were excluded.

Quality assessment and data analysis

A rigorous review of literature also allowed allocation
of studies that were particularly relevant to the review
and eliminated studies that were judged unfit for its
purpose using the standardized methodological and qual-
itative narrative analysis in order to determine a mini-
mum threshold for selection to ensure studies validity
and reliability. Quality assessment was carefully done
based on the strict inclusion criteria, and the results
were used for descriptive purposes to provide an overall
evaluation of the included studies.

Methods of synthesizing the studies (Fig. 1) were
measured for quality, design outcome measure, and het-
erogeneity of the selected studies. The heterogeneity ex-
plored the strategies for intervention such as:

(1) Health care setting (e.g., podiatry clinics versus general
hospitals versus general practice)

(i) Type of intervention (e.g., content of complex interven-
tion; brief versus intensive programs; education on foot care
only versus more comprehensive diabetes care);

(iii) Nature of contrast (e.g., intervention versus control inter-
vention; intervention versus no intervention)

(iv) Incidence of new ulcer, amputation, or previously healed
ulcer

(v) Patients quality of life from ulceration/amputation, cost,
hospitalization, and socioeconomic impact

Types of outcomes measured
Primary outcomes
Incidence and risk reduction in foot ulceration and sub-

sequent amputation using a multidisciplinary team ap-
proach over standard care were measured.
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Table 1 A modified approach for review quality assessment and study selection

Abstract/Introduction Were the abstract/introduction clearly translate the article details and matched the aspiration?

Background Did the literature review offer a substantive background?

Aim/objective Are the aims and objectives of the study/paper clearly stated?

Research question/ Are the research question and the hypothesis clearly specified?
hypothesis

Study design/ Were the study design clearly based to the outcomes of review in an experimental design were dependent/independent
Methodology variables clearly stated?

Sample selection

Were sufficient and appropriate participant selected? How much information is there in relation to the sample, ethic standard

and consent obtained, size, number dropout and why?

Instrument/tools

Result/finding
explained?

Data analysis

What instrument/tools were they appropriate to the review findings? Would this be the norm for the research approach?
Were sufficient and appropriate finding presented based on the review? Was pilot study conducted and are the results explored/

Was the statistical analysis correct, explained, the data presented to the reader in a friendly way?

Secondary outcomes

Patients’ quality of life, cost-effectiveness, rate of hospital
admissions, foot care knowledge, and patients’ behavior were
used as secondary outcomes. Studies were included even if
only secondary outcomes were reported to the standard mea-
sured in the multidisciplinary team care.

Risk of publication bias

Cochrane publication bias assessment tool was used for indi-
vidual study selection, performance, detection, attrition, and
reporting biases [ 15]. A checklist table was created and studies
were then categorized in low-, moderate-, and high-risk
groups. Bias in the final included studies however did not
compromise the final outcomes of the review. The information
reported in all studies were clearly stated and evidently pre-
sented and were found sufficient enough to assess on the main
outcomes for interventions.

Data Searching and screening
electronic database/bibliography

v

Characteristics of studies
organized for primary and secondary outcomes

v

Data extraction and quality assessment
modified narrative textual (data extraction)

'Y !

Numerical Narrative Tpematlc
: A objective/
synthesis synthesis analysis
review analysis investigation for line br’ line
functionality codes and coding in MS
details word

Fig. 1 Data synthesis

Result of review

Total of 1745 articles from about 100 different journals were
retrieved. After careful review oftitle/abstract, 82 % (n=1440)
were excluded and 29 % (n=305) did not meet the review
inclusion criteria. Another 27 % (n=85) failed on quality as-
sessment leaving 10 % (n=9) of studies for final review
(Fig. 2). After an independent assessment by the reviewers,
studies were matched to the inclusion, with disagreements
being resolved by discussion. Details of the study population,
settings, intervention, and outcomes are presented in
(Table 2). Twenty-two percent (n=2) of the observational
studies (one was prospective cohort design and one was a
descriptive retrospective observational analysis) compared
multidisciplinary team approach with standard care. Twenty-
two percent (n=2) of the studies were retrospective quality
analysis based on the model strategies outcomes and one
cross-sectional analysis with secondary outcomes on the cost
and rate of hospitalization through stage-wise management
program. Thirty-three percent (n=3) were RCT including
11 % (n=1) observational blind randomized control trial and
22 % (n=2) non-blind comparison groups with one in control
hand and one interventional group and 11 % (n=1) non-
randomized retrospective study that compared educational
tools as primary outcomes. Eleven percent (n=1) in case—con-
trol study evaluated on the effectiveness of risk classification
using International Working Group on Diabetes Foot risk clas-
sification system.

Literature interpretation and findings
Primary outcomes

Outcomes measured from the included studies are also sum-
marized in Table 2.
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Total articles identified (n=1745)

Excluded after review of title/abstract (n=1440)

Full text screened (n=305)

Total excluded (n = 220)

Outcome did not match (n=145)
Comparator did not match (n=15)
Methodology and selection (n= 17)

Inappropriate for systematic review-analysis
(n=8)

External validity (n=15) Others (n=20)

Sample of systematic reviews (n=85)

Excluded (n =76):
Failed quality assessment (n=47)

Incomplete data (n=23) others (n=6)

Final systematic review (n=09)

Fig. 2 Review result chart flow

Prevention of foot ulceration and amputation

A number of studies in the inclusion criteria show greater
outcomes in incidence and risk reduction of foot ulceration
and amputation by using multidisciplinary team approach in
a variety of fashion when compared to the standard care.
Many of such hospital-based long perspective studies have
shown a greater success through coordination with input from
specialists in areas including diabetes, orthopedists, plastic
and vascular surgery, infectious disease specialist, rehabilita-
tive specialist, diabetic educator, wound care nurses, and foot
wear technician in the prevention and management of diabetic
foot risk of ulceration and major amputation [7, 16, 17]. Spe-
cialists were trained on regular basis with protocols on foot
care for patients that at risk of infection or ulceration or have
already been affected with wound. This approach significantly
show a reduction in incidence of both major and minor am-
putation rate at 70 and 60 % (4.1 vs. 13.6 %, p=0. 03) com-
paring with standard protocol [16]. With exception of one
long prospective study from Turkey [17], a significant de-
crease only in major amputation by about 40 % (20.4 vs.
12.6 %, p=0.026) was observed, and the result for overall
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Table 2 Tabular summarization of individual study outcomes

Study ID Primary outcome Secondary outcome

Ronald et al.
(2003)

Hospitalization(0.09
admission/person vs.
0.50, p=0.0002), lower
foot-related inpatients
days (0.91 day per
person vs. 3.97,
p=0.0289), lower foot-
inpatient charges
($1321 per person vs.
5411, p=0.0151);
fewer amputation
hospitalization (0.04
per person vs. 0.19,
p=0.0351), fewer
emergency visit (0.06
vs. 1.22 visits,
p=0.0043), lower
emergency charges
(104$ vs. 208,
p=0.0057), and lower
total charges ( $4776/
person vs. $9402,
p=0.0141)

The ulceration group had
more physical
limitation and pain than
the amputees group.
Median score was quite
low in both groups,
reflecting strong social
and psychological
consequences of
diabetic foot. Global
prognosis was bad with
56 % of amputees had
experienced another
major cardiovascular
event 20 months
following amputation.
The later complication
reported by the author
in this study finding
however have not risk
outcome to the review
primary or secondary
outcomes

No primary outcomes
reported

Boutoille et al.
(2008)

No primary outcomes
reported

Lincoln et al.
(2008)

No primary outcomes
reported

Education for secondary
prevention was
significant (0.03) in
12 months follow-up
patients group but had
no significant
difference (p>0.05)
observed in the
intervention group over
6 months

Schmidt et al.
(2008)

Patient who participated
three times or more in
educational program
performed significantly
better in self-care

No primary outcomes
reported
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Table 2 (continued)

Study ID

Primary outcome

Secondary outcome

Abbas et al.
(2011)

Anichini et al.
(2003)

Peters and
Lavery (2001)

Rerkasem et al.
(2008),
Rerkasem
et al. (2009)

Yesil et al.
(2009)

Between period of 2004
to 2007, 11,714
patients screened, of
which 37 % with high-
risk feet, 11 % with
ulcer, 9.8 % went
under major
amputation. Total fall
of incidence from 24 in
2005 to 8 % in 2008

Overall incidence of foot
amputation decreased
in 5 years period from
10.7 in 1999 to 6.24 in
2003) and incidence of
major amputation
decrease from 6.3 in
1999 to 3.1 in 2003

During 3 years follow-up,
ulceration occurred in
5.1, 14.3, 18.8, and
55.8 % of the patient in
groups 0, 1, 2, and 3
(p<0.001). All
amputation were found
in groups 2 and 3 (3.1
and 20.9 %, p<0.001)

Incidence of both major
and minor amputation
rates were significantly
decrease by 70 and
60 % (4.1 vs. 13.6 %,
p=0.03) No primary
outcome reported

Major amputation
decreased (20.4 vs.
12.6 %, p=0.026).
However overall
amputation and minor
amputation remained to
have no change

activities than with
single visits or
untrained patient on
foot care education

No secondary outcomes
reported

Hospital admission
reduced by median of
95 % CI, from
19.5 days in 1999 to
5.5 days in the
following years until
2003, p<0.05, that
decrease the financial
burden on the society

No secondary outcomes
reported

No secondary outcomes
reported 2 years
follow-up on cost and
quality of life using
DFP and (SF-36) in a
multidisciplinary
setting shows about
34 % reduction in cost
compared to the
standard care in
retrospective 2-year
analysis. Also the
program shows
significant
improvement in quality
of life

No secondary outcomes
reported

amputation and minor amputation rate remained similar

throughout.

As impacts of the disease severity were more preva-
lent in less-developed countries, a model study was pro-
posed with the Step-by-Step foot project in Tanzania
with support from IWGDG and IWDF which has shown
an outstanding achievement in risk reduction consider-
ing to the needs of patients and the country’s socio-
economic environment [18]. A total of 11,714 patients
were screened from a large-scale population in this pro-
gram. Of this, 37 % were found as high-risk feet, 11 %
were diagnosed with ulcer, and 9.8 % had major ampu-
tation. They then open a number of acute care units and
trained health care providers from a multidisciplinary
unit using standard protocols [2, 3]. The amputation rate
in high-risk population had significantly dropped (from
20 % in 2005 to almost 9 % in 2008). A vast recogni-
tion and success of this approach were also adopted in
many other less-developed countries such as Egypt, In-
dia, and Pakistan.

By using diabetic foot risk classification system based on
IWGDF (2009) in a case control group [19] at University
Texas Healthcare Center, USA, a total of 225 patients were
divided into groups (group 0 without neuropathy, group 1 with
neuropathy but no ulceration or peripheral vascular disease
(PVD), group 2 with neuropathy and deformity or PVD, and
group 3 patients have either history of foot ulceration or a
lower extremity amputation). With 3 years of follow-up, foot
ulceration occurred in 5.1, 14.3, 18.8, and 55.8 % of the pa-
tients in groups 0, 1, 2, and 3 (linear-by-linear association,
p<0.001). Amputation rate in groups 2 and 3 was 3.1 and
20.9 %, respectively, (p<0.001). This assessment not only
helps in the prediction and severity of ulceration and amputa-
tion among diabetes patients but also it can be used as part of
the assessments tools in a multidisciplinary setting to lower
the risk of future foot ulceration and subsequent amputation.

Another similar approach by using an International Con-
sensus on Diabetic Foot ICDF (2011) as an instrument in a
prospective follow-up over a 5-year period (1999-2003) in a
district general hospitals covering a clearly defined and rela-
tively static population shows a significant drop in risk of foot
ulceration along with rate of hospitalizations [20]. The inci-
dence of amputation per 100,000 inhabitants decreased from
10.7 in 1999 to 6.24 in 2003. The protocol followed the stan-
dard patients’ referral to particular diabetic foot clinics with
involvement of GPs at initial assessment followed by multi-
disciplinary team specialists.

Secondary outcomes

Outcomes were measured as an assessment tools that were
either measured in part of multidisciplinary team care ap-
proach or assessed as an individual tools in secondary
prevention of foot ulceration and amputation that met
the inclusion criteria.
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Assessment on foot care knowledge and patient behavior

Patient behavior assessment and education toward foot care
are considered important parts of the multidisciplinary team
care. Such assessments were carried in a variety of fashion. In
one randomized trial study [21] with multi-centers observer-
blinded groups (intervention (n=87) and control (n=85)), pa-
tients received either targeted, one to one education or stan-
dard care in three specialist clinics in UK. The assessment for
patient education on diabetic foot care was based on approved
standard care and summarized questionnaires using Notting-
ham Assessment of Functional Footcare that were followed at
6 and 12 months. This method has shown a positive result in
foot care especially at 12 months follow-up group (p=0.03)
but did not observe a significant differences (p>0.05) between
groups in ulcer incidence at 6 months group patients. On the
other hand, in a cross-sectional study, a total of 269 patients
with type 1 and type 2 diabetes were divided in different risk
groups from a general population in Germany, and data was
obtained on patients’ self-reported survey [22]. It uses a
Frankfurter Catalogue of Self-Foot Care Prevention of the
Diabetic Foot Syndrome (FCFSP) [22]. Patients who had par-
ticipated in more than three educational programs performed
better self-care than patients who had not or had received
single training program. Also, patient performed better self-
care with professional assistance than being untrained on self-
foot care.

Hospitalization and cost-effectiveness

Cost is an important factor to measure when proposing an
intervention for low socioeconomic population. This review
also targeted studies that have shown benefits in cost and
hospitalization reduction as an individual or suggested part
of multidisciplinary team outcomes in foot care. With one of
included non-randomized retrospective study using data from
1998 to 1999 at Louisiana Public Hospital, it showed signif-
icant decrease in rate of hospitalization and cost using consis-
tent step wise care protocols in diabetic foot program compare
to standard care (0.50 admission/person vs 0.09 p=0. 0002
and $4776 vs. $9402 p=0.0141 per person per year) [23]. This
staged-management program uses devices of offload pressure,
self-care education, and after healing custom-fabricated ortho-
ses, proper footwear and monitoring progressive ambulation
though an organize care in a multidisciplinary level. This pro-
gram also significantly reduced emergency visits and hospital
utilization.

Patients’ quality of life
Better understanding of disease severity and consequences

secondary to diabetic foot complication is an important part
of treatment in high risk population and as well as among
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primary care physicians. In one of the review, quality of life
was assessed by using medical outcome form 36 items health
survey (MOS SF-36) [24]. Patients who were experiencing
foot ulcer had more physical limitations and pain than the
amputation group, whereas median score was quite low in
both groups, reflecting in terms of social and psychological
consequences. Another 2-year prospective study shows that
diabetic foot care under multidisciplinary team care can save
not only on the cost but also improve patient overall quality of
life when it was compared to the standard care in a retrospec-
tive study of similar duration [25]. Psychological evaluation
and support is therefore important before and after amputation
since it is a traumatic step for patients.

Discussion and data interpretation with updates
on final findings

The overall outcomes were measured from literature pub-
lished between 2001 and 2015. The selection criteria and
quality assessment of the studies were consistently assessed
for originality, type of interventions, and final outcomes. The
review aimed to establish effectiveness of multidisciplinary
team care with a primary outcome of risk reduction in foot
ulceration and amputation. The review also focused on patient
quality of life and cost analysis as secondary outcomes. The
result of this review was presented in a study-by-study quali-
tative analysis. Pooling of the result was precluded by marked
clinical heterogeneity, due to type of participants, methodo-
logical approach, duration of studies and follow-up period,
types of intervention, outcome measures, and assessment
and risk of bias that varies widely between studies.

Overall consensus from studies in this review shows mul-
tidisciplinary team approach in diabetic foot care considered
to be more effective in preventing foot complication and long-
term health disabilities when compared to the standard care
[16-20]. In addition to review original findings, a set of
recent published studies (between 2011 & 2015) were also
added to the pool. The evidence from these studies
further supported multidisciplinary team approach in reducing
the risk and incidence of diabetes-related foot complications
when the outcomes were compared to the standard care
[26-31]. Forexample included two recent high-outcome stud-
ies from Spain and Germany in particular showed a stunning
result in reducing overall foot complication by >66 %
(p>0.001) and of >75 % (p<0.0001), respectively, with a high
mortality/morbidity benefits after the introduction of a struc-
ture healthcare program for diabetic foot management [27,
28]. This multidisciplinary setup is organized in variety of
fashions: some are managed within hospital care system with
inputs from specialists care, others are organised as an emer-
gency or outpatient clinics. Few of such countries, e.g.,
Germany and Italy, have also adopted the structural approach
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of the IWGDF guidelines and showed likewise positive
outcomes [26, 27, 32, 33]. The high-outcome results were
quite encouraging for some that they now helping others
nations on how such program can best be organized and
implemented in diabetic foot care [32].

The team expertise and contribution come from various
specialties including specialist from endocrinology, family
physician, rehabilitative physician, plastic and vascular sur-
geon, orthopedist, infectious disease specialist, radiologist,
and qualified trained nurse who work in coordination toward
comprehensive foot care [26, 27, 33]. With wide recognition
and establishment of this multidisciplinary teamwork, some
healthcare settings have now strictly institutionalized this ap-
proach toward diabetes foot care. The setup however varies in
many parts of the world in terms of care provided from place
to place and from country to country [34]. It is therefore very
important to measure the outcomes based on the patients’
needs and healthcare system especially when considering the
applications of such protocols in less privileged countries.

The underlying causes of risk increment were found to be
high in underdeveloped countries compared to that in devel-
oped nations perhaps due to number of social, cultural, and
political reasons [19]. However despite this we can see some
outstanding examples of such structured programs that have
been applied successfully in high-risk countries such as
Tanzania, where early screening for high-risk diabetic
foot was followed by aggressive structured management. This
approach was found to be an effective way in risk and
morbidity reduction in other similar high risk nations [18].
International organizations (IDF, IWGDF) dedicated to
diabetic foot care have also shown good contributory result
after successful implementation of their staged-wise struc-
tured foot care protocols in many healthcare settings by
involving both health professionals and patients.

A part of the multidisciplinary or individual secondary out-
comes from studies included also shows a significant benefit
in cost, hospitalization, and patient overall quality of life. Mul-
tiple patient educational trainings on foot care were found to
be more productive than single intervention [21, 22]. More-
over, a regular training and consistent surveillance on the in-
tegrated self-care activities received a further emphasis on foot
care [21]. The association of quality of life, cost, and hospi-
talization with foot ulcer and amputation is an important factor
that requires consistent evaluation in a structured foot care
program [23]. It is also important to have understanding of
the disease severity and consequences from diabetic foot com-
plications both by the patients and their primary care physi-
cians in order to have an earlier preventive approach through a
multidisciplinary teamwork. Patient psychological evaluation
and support is important before and after amputation since it is
a highly traumatic event in life for the patient [24].

Wider selections of studies were reviewed based on the
current policies and strategies in acute and chronic

management of diabetic foot complication. Predictably, stud-
ies included in this review share a common set of characteris-
tics in term of participants, intervention, education and behav-
ior assessment, outcomes measure, duration, and follow-up,
apart of few shorter duration studies, thereby opening present
and future pooling. The use of standardized measures, includ-
ing ulcer classification and outcome measures, in research
studies would have greatly enhance the ability of reviewers
to undertake better analysis, including comparison of out-
comes of interventions.

Conclusion

Managing risks of diabetes-related foot ulceration and subse-
quent amputation is certainly the most challenging part of
treatment in chronic diabetes population. Patient’s lack of
awareness on the disease severity along with insufficient train-
ing and coordination among clinicians puts patients at high
risk from early disability. The evidence from this review sug-
gests that by adopting a multidisciplinary team approach, it
can save more legs and prevent early disability or even death
when compared to the standard care. The role of individual
discipline in multidisciplinary team specialist care also seems
to be crucial in preventing long-term foot complications. Fur-
thermore, it is important to note that the care provided under
this setup may vary from country to country based on differ-
ences in the healthcare system and cultures. Few low socio-
economic countries however have successfully adopted a
step-by-step program supported by IWGDF offering compre-
hensive diabetic foot care courses and training.

Future researchers should consider stratification of treat-
ment and control arms in randomized control trials to ensure
equal distribution of male and females, types of diabetes, un-
derlying foot pathology, and comorbidity. Consideration
should also be given to ensure that adequate information is
given in relation to exclusion and inclusion criteria (i.e.,
methods of assessment for the “at risk” foot ulcers-
associated morbidities and previous amputations).
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Abstract Both of the carotid artery intima-media thickness
(IMT) and mean platelet volume (MPV) may add to the risk of
atherosclerosis for predicting cardiovascular events. It is not
known, however, whether there is an association between them
in diabetes patients. The aim of the study was to detect the
relationship between the level of mean platelet volume and the
carotid artery intima-media thickness in patients with type 2
diabetes mellitus, and to determine the correlation of MPV with
body mass index (BMI), duration of diabetes, glycosylated he-
moglobin A1 (HbA1C), fasting blood glucose (FBG), C-reactive
protein (CRP), triglyceride (TG), total cholesterol (TC), low den-
sity lipoprotein (LDL-C), high density lipoprotein (HDL-C), se-
rum uric acid (UA), ankle-brachial index (ABI), history of hy-
pertension, and smoking in diabetic patients, respectively. A total
of 128 subjects were enrolled into this study, who admitted con-
secutively to our clinic from January 1, 2013 to January 30,
2014. They were divided into three groups according to their
IMT: normal IMT group (A, IMT <1.1 mm, n=26), IMT thick-
ness group (B, IMT >1.1 mm, n=45), IMT thickening with
plaque group (C, n=57). A significant difference with respect
to BMI, HBAlc, TG, HDL-C, CRP, UA, FBG, AB], and ciga-
rette use between the study groups was not found (P>0.05).
MPV was significantly higher in group A as compared to both
group B and group C (7.94+0.97 1], 7.24+0.71 fl, 7.03+0.79 fl,
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respectively, P <0.001), MPV had a high positive correlation
with IMT (P (0.001) and age, as with TC and LDL-C
(P <0.05). The level of MPV content decreased as the diabetic
macroangiopathy progressed. Level of MPV was correlated with
IMT in diabetic patients. MPV might be a useful marker for
detecting atherosclerosis risk in diabetic patients.

Keywords Type 2 diabetic mellitus (T2DM) - Carotid
intima-media thickness (IMT) - Mean platelet volume (MPV)

Introduction

The increase in prevalence of diabetes is a critical issue world-
wide. It should be viewed as a serious threat not just from a
public health, but also from a development perspective [1].
Based on a larger number of studies, there will be 439 million
adult diabetics by 2030 [2]. The global health expenditure on
diabetes is expected to total at least USD 490 billion or ID 561
billion in 2030 [3]. One or more macro-vascular complica-
tions were present in 28 % of diabetes patients [4]. Fifty per-
cent of people with diabetes die of cardiovascular disease
(primarily heart disease and stroke) [5]. However, atheroscle-
rosis was the independent risk factor of macro-vascular lesion.
It has been generally recognized that the degree of atheroscle-
rosis can be predicted by examining the carotid artery intima-
media thickness (IMT) [6]. Mean platelet volume (MPV) as
one of the basic attribute of normal platelets is a surrogate
marker of platelet activation; the normal values in our region
is 7.7-13.4 fl. Meanwhile, a growing body of evidence sug-
gested that the MPV level was higher and it would be an
independent predictor or might be a risk of vascular compli-
cations in patients with T2DM [7—10]. Nevertheless, a study
found that MPV may not be a risk factor for coronary artery
disease (CAD) among diabetic patients [11]. Therefore, we
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perform a study to determine if there was a positive correlation
between IMT and MPV and to validate the research conclu-
sions above.

Materials and methods

Study population The Ethics Committee of Liaoning
University of Traditional Chinese Medicine approved this
clinical trial, and all the patients signed an informed consent
form. We assigned 128 patients from general medical clinics
who were already diagnosed to have type 2 DM (According to
the WHO type 2 diabetes diagnosis standard in 1999—-<classic
symptom of hyperglycemia plus random plasma glucose
>11.1 mmol/l or fasting plasma glucose >7.0 mmol/l or 2-h
plasma glucose >11.1 mmol/l during oral glucose tolerance
testing. WHO recommended HbAlc >6.5 % as one of the
diagnostic criteria of DM in 2011, but it was not recommend-
ed in China); the subjects were consecutive. Among the par-
ticipants, there were 70 men and 58 women who had no pre-
vious history of coronary heart disease. Patients with insulin-
dependent diabetes mellitus patients, acute diabetic complica-
tions, serious infection, malignant tumors, anemia, thrombotic
disease, and liver and renal failure were excluded. In addition,
acute pancreatitis, inflammatory enteropathy, hyperthyroid-
ism, and thrombocytopenia which may affect MPV were
eliminated. People who took antiplatelet drugs like aspirin
recently were also removed. Clinical characteristics of sub-
jects were recorded: age, sex, body mass index (BMI, weight
in kilograms divided by height in square meter), mean platelet
volume (MPV), glycosylated hemoglobin A1 (HbA1C),
fasting blood glucose (FBG), C-reactive protein (CRP), tri-
glyceride (TG), total cholesterol (TC), low density lipoprotein
(LDL-C), high density lipoprotein (HDL-C), serum uric acid
(UA), ankle-brachial index (ABI, dividing the ankle systolic
pressure by the brachial systolic pressure), duration of diabe-
tes, history of hypertension as well as history of smoking.
Hypertension was defined as systolic blood pressure of
140 mmHg or above, diastolic blood pressure of 90 mmHg
or above, or use of antihypertensive medication. According to
the results of carotid color duplex ultrasonography, patients
were divided into three groups: normal IMT group (A, IMT
<1.1 mm, n=26), IMT thickness group (B, IMT >1.1 mm, n=
45), and IMT thickening with plaque group (C, IMT>1.1 and
the thickness intimal projectured to the vascular intracavitary,
n=57). Carotid atherosclerosis was defined as max-IMT>
1.1 mm according to the criteria of the Japan Academy of
Neurosonology [12].

Laboratory analysis The IMT of the carotid artery was mea-
sured using ACUSON S2000 ultrasound machine (Siemens
Medical Solutions USA, Inc); the mean intima-media thick-
ness of the common carotid artery was measured over a
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segment of the common carotid artery that was 1 cm long,
located approximately 0.5 cm below the carotid artery bulb.
The MPV was performed using the ADVIA 21201,
(manufactured by Siemens Healthcare Diagnostics Inc,
USA). Venous blood samples were collected in hemogram
tubes with dipotassium EDTA and biochemistry tubes, and
tested within 1 h of collection to minimize variations due to
sample aging. Samples were maintained at room temperature.
HbAlc was measured by Automated Glycohemoglobin
Analyzer (DCA 2000, Bayer Corporation, Germany). FPG,
HDL-C, LDL-C, TG, TC, UA, and CRP were analyzed by
Automatic Chemistry Analyzer (Hitachi 7600, Japan). The
ABI were measured using Form PWV/ABI, BP-203PRE II
(Omron Colin Co, Ltd, Bunkyo, Tokyo, Japan).

Statistical analysis

Statistical evaluation was analyzed by statistical package for
the social sciences (SPSS) version 17 (for Windows) using
one-way analysis of variance. Correlation of MPV with other
parameters was performed by Pearson correlation test (» value
as the coefficient). Data were expressed as mean+standard
deviation. A P value <0.05 was considered statistically
significant.

Results Among the 128 diabetic subjects, there were 70 males
and 58 females. Out of 128 DM patients, there were 26 pa-
tients in group A, 45 patients in group B, and 57 patients in
group C. The mean BMI in group A was 25.97+2.98 kg/m?
whereas it was 25.07+3.41 kg/m? in group B and it was 25.02
+2.61 kg/m? in group C. The mean age of group A was 47+
8.42 years and of the subjects in group B was 57.38+
11.05 years, whereas that of group C was 60.58+9.3 years.
The mean DM duration of the diabetics were 5.14+3.72 years.
For groups B and C, they were 5.72+4.64 years and 10.68+
7.49 years, respectively. There was no significant difference
among the subgroups for demographic characteristics of study
participants, including BMI, history of hypertension, and
smoking, but the age was younger in people of group A as
compared with other groups (P<0.001); the DM duration
were more longer in group C than in the other two groups
(P<0.001). There was no significant difference in HBAlc,
HDL-C, CRP, UA, TC, and TG between the groups. In the
patients of group B and group C, MPV was significantly lower
(7.24+0.71 fl and 7.03£0.79 11, respectively) as compared to
group A (7.94+0.97 fl) (P=0.000). The mean LDL-C level in
group C was 3.28+0.89 mmol/L, while that of the other
groups were 2.48+0.67 mmol/L (group A, P<0.001) and
3.06+0.87 mmol/L (group B, P>0.05). No statistically signif-
icant differences existed within MPV and BMI, HbA 1¢, dura-
tion of DM, FBG, CRP, ABI, UA, history of hypertension,
and history of smoking. MPV was significantly associated
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with IMT (r=0.373, P <0.001), age (r=0.263, P=0.003), Tc
(r=0.178, P=0.044), and LDL-C (#=0.187, P=0.035). After
adjustment for age, Tc, and LDL-C, MPV was still correlated
inversely with IMT (Tables 1 and 2).

Discussion

The prevalence of diabetes is increasing worldwide, and the
prevalence increased significantly from 2001 to 2009, more-
over an active registry of youth diagnosed with diabetes at age
<20 years [13]. Type 2 diabetes imposed a substantial eco-
nomic burden on health-care systems; effective interventions
that prevent or delay type 2 diabetes and diabetic complica-
tions might result in substantial long-term savings in health-
care costs [14]. Meanwhile, a large number of persons with
type 2 diabetes are suffering from macro-vascular complica-
tions; the outcome of them is often fatal, so it is very necessary
to find risk factor modification interventions to delay all these
changes. MPV is a machine-calculated measurement of the
average size of platelets found in the blood, which is consid-
ered as the determinants of platelet size. Moreover, the func-
tion and activation of the platelet is determined by MPV [15].
Meanwhile, the Changfeng Study draw a conclusion that
MPYV was related to carotid atherosclerosis in normotensive,
euglycemic, and normolipidemic males independently [16].
Since the average platelet size is larger when the body is pro-
ducing increased numbers of platelets, the MPV test results
can be used to make inferences about platelet production in

Table1 Comparison of various parameters between groups A, B, and C
Characteristic Group A Group B Group C
Number of patients 26 45 57

MPV (fl) 7.94+£0.97 7.24+0.71% 7.03+0.79*
BMI (kg/m?) 25974298  25.07+3.41 25.02+2.61
HbAlc (%) 7.95+1.84 8.69+2.01 8.08+1.73
DM duration (years) 5.14+3.72 5.72+4.64 10.68+7.49
Age (year) 47+8.42 57.38+11.05%  60.58+9.3*
Gender (M/F) (N) 16/10 23/22 31/26

FBG (mmol/L) 9.14+3.05 9.42+2.89 8.71+£2.57
CRP (mg/L) 3.09+5.04 3.01+4.17 3.12+10.5
TG (mmol/L) 3.42+2.75 2.2+2.59# 2.12+1.74%
TC (mmol/L) 4.83+0.83 5.18+1.02 5.46£0.91#
LDL-C (mmol/L) 2.48+0.67 3.06+0.87 3.28+0.89
HDL-C (mmol/L) 1.06+0.19 1.17+0.29# 1.16+0.35*
UA (ummol/L) 363+£94.3 312+96.6 312+99.1
ABI 1.08+0.12 1.04+0.14 0.97+0.16*
History of smoking 2.04+5.87 6.24+11.5 5.8+11.63
History of hypertension ~ 1.31+2.94 2.76£6.72 5.44+8.06

Results are listed as mean+=SD
*P<0.001; #P<0.05
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Table 2 Correlation of
MPV to the various Factors R P
parameters studied
IMT 0.373 <0.001
Age 0.263 0.003
BMI 0.091 0.308
HbAlc (%) 0.076 0.395
TC 0.178 0.044
LDL-C 0.187 0.035
DM duration 0.169 0.056
ABI 0.155 0.081
History of 0.163 0.066
hypertension
TG 0.031 0.73
HDL-C 0.094 0.292
CRP 0.026 0.768
UA 0.068 0.444
FBG 0.01 0914
History of smoking 0.036 0.687

bone marrow or platelet destruction problems. So, a low MPV
indicates decreased production of platelets; our study revealed
a low mean platelet count for diabetics with IMT and plaque.
This was in contrast with the findings of the studies conducted
by Ozder A etal. [9, 17-20]. Even if macroscopic thrombi do
not form, the repeatedly damaged or diseased vessel walls
shortened the survival of the platelet [21]. In diabetic patients,
hyperglycemia impaired vascular endothelial cells and NO
production which contributes to the formation of atheroscle-
rosis by mediating leukocyte activation and adhesion to the
endothelium via platelet P-selectin [22], and because platelet
participated in the formation of atherosclerotic plaque, platelet
was consumed and the activity was decreased continuously
with or after the development of atherosclerosis. So, the level
of MPV was low as atherosclerosis progressed in diabetes.

Several studies showed that there is a strong positive corre-
lation between MPV and FPG as well as HbAlc levels [9,
18-20], but it was in contrast to our research; we demonstrated
that there was no association between MPV and HBA1c as well
as FPG, but MPV was significantly associated with IMT, just
like the conclusion of Arslan N et al. [23]. IMT increases in the
presence of diabetic macroangiopathy, which is thought to be a
relatively easy, non-invasive technique to identify atheroscle-
rosis. Meanwhile, people with diabetes can evaluate the risk of
atherosclerosis by measuring IMT [24, 25], and can be a mark-
er in the primary prevention of people with diabetes.

The Edinburgh artery study in 1988 showed ABI could
be a risk factor of cardiovascular events, and the lower the
worse [26]; in our study, the ABI was lower as the athero-
sclerosis progressed. The uric acid serves as a radical scav-
enger and inhibits oxidation, so it did not increase the risk of
atherosclerosis [27], and also in Chinese inpatients with type
2 diabetes [28].
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Limitations Low numbers of subjects and study restriction to
small geographic area are considered as two important limita-
tions of our study.

Conclusions Increased risk of atherosclerosis in regard with
type 2 DM may be a result of low MPV, or maybe the low
level of MPV was the result of the development of atheroscle-
rosis. Carotid IMT was correlated with MPV in selective DM
patients, and MPV may be an indicator in the primary preven-
tion of cardiovascular disease.
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Abstract Type 2 diabetes mellitus (T2DM) and tuberculosis
(TB) often present together and complicate each other at many
levels. The Revised National Tuberculosis Control Program
(RNTCP) calls for strengthening collaboration between TB
and diabetes control programs for better management of dia-
betic patients with TB. In this study, we determined the prev-
alence of pre-diabetes and diabetes among 220 TB patients
registered in selected tuberculosis units (TUs) of RNTCP in
hospitals of three different regions of Odisha namely Bhuba-
neswar, Cuttack and Nayagarh. Various socio-demographic
factors like age, gender, marital status, literacy status, locality,
habits, etc. and clinical profile were assessed. Out of 220 TB
patients, 24 % patients were having pre-diabetes and 14 %
patients were having diabetes. Both the conditions, pre-
diabetes or diabetes, were more common among males, mar-
ried patients, advancing age, having less education, no specif-
ic job, sedentary lifestyle, smoking/drinking, living in
crowded areas, poor living conditions and unhygienic envi-
ronment. Majority of pre-diabetic and diabetic patients were
having pulmonary TB with 1+ sputum positivity and category
(Cat)-I type of treatment. The variations in random blood glu-
cose (RBG) and fasting blood glucose (FBG) levels among
people with pre-diabetes are very less whereas those among
people with diabetes were very high, thereby indicating that
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the blood glucose levels show more fluctuations before and
after intake of food. Further, our results show that 57 % were
not knowing that they were pre-diabetic and 43 % were not
aware that they were having diabetes. It is feasible to screen
TB patients for diabetes resulting in high rates of T2DM de-
tection. Screening for diabetes mellitus (DM) in TB patients
could improve DM case detection and early treatment, indi-
rectly leading to better TB-specific treatment outcomes and
prevention of DM complications.

Keywords Prevalence - Pre-diabetes - Diabetes - TB
patients - RNTCP centres - Bhubaneswar - Odisha

Introduction

Type 2 diabetes mellitus (T2DM) has assumed pandemic pro-
portions and is indeed the scourge of the modern era. At pres-
ent, there are 300 million diabetics worldwide and the number
is expected to double over the next 5 years [1]. With an annual
tuberculosis (TB) incidence of 2.2 million cases (range 2.0—
2.5 million) and an estimated 63 million people living with
diabetes mellitus (DM), India has the highest TB burden and
second highest DM burden in the world. India with its huge
diabetic population holds the distinction of being dubbed the
diabetic capital of the world, with 63 million diabetics. India
has the largest number of TB cases and also the largest number
of dually infected individuals, in the world [2, 3]. The associ-
ation between T2DM and TB and their synergistic role in
causing human disease has been recognized for centuries
[4-6]. About 10 % of TB cases globally are linked to diabetes.
The association between T2DM and TB is a challenge for
global TB control. Improved understanding of the bi-
directional relationship of the two diseases is necessary for
proper planning and collaboration to reduce the dual burden
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of diabetes and TB [7-9]. In people with TB, it may be ap-
propriate to actively screen for DM. Prevention, screening and
treatment of both diseases together are more effective [10]. A
model similar to the TB-HIV program may be the best ap-
proach [11]. Recognizing the serious threat posed by diabetes-
TB, The Revised National Tuberculosis Control Program
(RNTCP) calls for strengthening collaboration between TB
and diabetes control programs for better management of dia-
betic patients with TB and TB patients with diabetes [12].

In this study, we screened the TB patients attending the
three RNTCP centres in Odisha, for estimating the prevalence
of pre-diabetes and diabetes and determining the risk factors.

Methodology

Ethical approval The detailed plan of study was submitted to
the Ethical Committee as well as the Scientific Advisory
Committee (SAC) of the Institute, which approved the as-
sumptions for human research.

Study design and study period This was a descriptive pilot
study conducted from Jan 2014 to June 2014 in the Dept. of
NCDs, Regional Medical Research Centre, Bhubaneswar.
Blood samples for screening were collected from adults will-
ing to participate in the study. All TB patients who have been
consecutively diagnosed and registered under RNTCP were
screened for diabetes. This included patients with new and
previously treated TB and stratified into smear-positive pul-
monary TB, smear-negative pulmonary TB and extra-
pulmonary TB. Those who have completed treatment were
excluded.

Screening intervention and diagnosis of diabetes The
screening for DM was followed according to the guidelines
stipulated by the Revised National Tuberculosis Control Pro-
gram (RNTCP) and National Programme for Prevention and
Control of Cancer, Diabetes, Cardiovascular Diseases and
Stroke (NPCDCS) in India [12, 13]. Those guidelines stipu-
late that a fasting blood glucose be carried out using a finger
prick and glucometer with cut-off thresholds in line with those
recommended by the World Health Organization. Screening
TB patients for DM should be conducted as early as possible
after diagnosis of TB but can be done at any time during the
course of TB treatment. Because of the difficulties in getting
TB patients to first come to the clinic in a fasting state, TB
patients will be initially screened with a random blood glucose
(RBG) using a glucometer. If the RBG is less than 110 mgy/dl,
this is a normal result and no further tests need be carried out.
If the RBG is at or greater than 110 mg/dl, this might indicate
an abnormal glucose state and there is a possibility of DM.
The patient will be asked to return in a fasting state, and a
fasting blood glucose (FBG) will be carried out. A FBG at or
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greater than 126 mg/dl indicates DM. The screening proce-
dure and criteria for diagnosis of DM are summarized in
Table 1.

Table 1 Screening for diabetes and making the diagnosis of diabetes
At first visit: time of registration or close to starting TB treatment

Screen first with a random blood glucose (RBG) using a glucometer at
any time.

« If the RBG is less than 110 mg/dl, then no further action is needed
« If the RBG is 110 mg/dl or greater, then do a second screen at next
visit
Next visit™:
Screen second with a fasting blood glucose (FBG) using glucometer.
* If FBG is less than 110 mg/dl, then this is normal

* If FBG is 110-125 mg/dl, then this indicates impaired glucose
tolerance

« If FBG is 126 mg/dl or higher, then this indicates diabetes mellitus

*For this visit, the patient should eat the last meal in the
night before 9 p.m. a day before and should abstain from food
and drink except water until the next day morning till the
procedure is completed

Methods

In all, 220 patients with active TB disease, registered in
RNTCP, attending the OPDs of three primary care hospitals,
namely Capital Hospital in Bhubaneswar, City Hospital in
Cuttack and B.M. TB Hospital in Nayagarh, were enrolled
after taking informed consent. The socio-demographic and
clinical profiles like age, gender, marital status, literacy status,
profession, lifestyle (sedentary and active), habits (alcohol/
smoking), locality, type of TB, index of sputum positivity,
status and period of treatment, blood glucose levels (fasting/
random), complications at the time of testing, etc. were docu-
mented using standardized questionnaires and analyzed in the
context of symptoms at the time testing. They were screened
for random blood glucose (RBG) levels by finger prick meth-
od using a glucometer (Glucocard 01-mini, Blood Glucose
Monitoring Kit, Arkay Factory, Inc., Koka-Shi, Shiga, Japan).
Only those patients having higher values were selected and
advised to return to the clinic the next day and/or next visit in a
fasting state, and a repeat test was carried out for fasting blood
glucose (FBG) levels. This test was used to differentiate pre-
diabetes and diabetes.

Diagnostic criteria for IFG IFG is a state of higher than
normal fasting blood (or plasma) glucose concentration, but
lower than the diagnostic cut-off for diabetes: FBG >110 and
<126 mg/dl as per WHO 1999 criteria [14].
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Diagnostic criteria for pre-diabetes and diabetes Pre-dia-
betes and diabetes were classified using FBG levels, the diag-
nostic criteria being 110—-125 mg/dl for pre-diabetes and FBG
levels >126 mg/dl for diabetes or a self-reported history of
taking anti-diabetic drugs after diagnosis by a medical profes-
sional in accordance with national guidelines [15, 16].

Diagnostic criteria for Cat-I and Cat-II Based on the
nature/severity of the disease and the patient’s exposure to
previous anti-tubercular treatments, RNTCP classifies TB pa-
tients into two treatment categories, category (Cat)-I and Cat-
II. Cat-1 includes patients with newly diagnosed sputum-
positive pulmonary TB, sputum-negative pulmonary TB with
extensive parenchymal involvement and severe form of extra-
pulmonary TB whereas Cat-2 includes sputum smear-positive
treatment failure cases, relapse cases and return after interrup-
tion [4]. Details about Cat of treatment, i.e. Cat-I or Cat-II, and
sputum status at the time of diagnosis, i.e. sputum-positive,
Sputum-negative or extra-pulmonary TB, were noted from the
TB treatment card.

Statistical analysis

SPSS version 16.0 was used for statistical analysis. Preva-
lences are reported with 95 % confidence intervals calculated
considering the design effect. Mean and standard deviation for
continuous variables and proportions for categorical variables
are reported. All variables were described as proportions, and
differences between groups were compared for statistical sig-
nificance using the chi-square (x?) test and ¢ test, as applica-
ble. P values of <0.05 were considered statistically significant.

Results

Out of 220 TB patients, 24 % were having pre-diabetes and
14 % were having diabetes. One percent of TB patients were
found to be HIV-positive. Table 1 shows that 96 patients were
recruited from Nayagarh, 72 from Bhubaneswar and 52 from
Cuttack. Of these, 39 % were having high RBG levels, sug-
gesting impaired hyperglycemia. The number of TB patients
showing hyperglycemia varied ranging from 40 % in Bhuba-
neswar, 48 % in Cuttack to 33 % in Nayagarh and is statisti-
cally significant (p=0.006). As diabetes and pre-diabetes are
outcomes with overlap, Bonferroni adjustment was done for
the critical value of the level of significance (p=0.0125).
Table 2 shows the socio-demographic profile of TB pa-
tients. In all, 74 % male and 25 % female patients were en-
rolled in the study. Of these, 27 and 16 % of males were
having pre-diabetes and diabetes, respectively. Among fe-
males, 15 % were having pre-diabetes and 8 % were having
diabetes. This shows that more males were having either pre-

diabetes or diabetes. Thus, gender appeared to be a significant
factor (p=0.032) in our study. Thirty-five percent of people in
the age group 31-45 years and 20 % in the age group 46—
60 years were having pre-diabetes while 12 % of people in the
age group 31-45 years and 28 % in the age group 46—60 years
were having diabetes. Advancing age is a significant factor
(p<0.001). Eighty-one percent of TB patients were married,
and 18 % were unmarried. Further, 25 and 17 % of married
patients were having pre-diabetes and diabetes, respectively.
Forty-four percent of TB patients were illiterate, and 45 % had
studied up to high school. Among the illiterate TB patients
and those having less education, the prevalence of pre-
diabetes and diabetes was similar. Occupation wise, the largest
proportion consisted of either labourers or those having no
specified jobs. Among these, 26 % had pre-diabetes or 11 %
had diabetes. Analyzing the risk factors of diabetes among TB
patients, 37 % of TB patients were having habits of all types,
namely chewing gutka/tobacco, smoking and alcohol.
Twenty-five percent of people with pre-diabetes and 17 %
with diabetes were having all types of habits whereas 27 %
of TB patients denied of having any such addictive habits.
More patients with diabetes were found to be addicted to
either smoking, drinking alcohol and/or chewing tobacco/
gutka. However, it is difficult to say how many people were
actually physiologically addicted to smoking and/or drinking.

Fifty-five percent of patients enrolled in our study were
sedentary, i.e. those not involved in activity, whereas 44 %
were active. Twenty-five and 17 % of sedentary patients
were having pre-diabetes and diabetes, respectively. Prev-
alence of diabetes was comparatively less, i.e. 11 %
among those patients having an active lifestyle.

The mean BMI of patients with TB, pre-diabetes and dia-
betes is 17, 16.6 and 19.15, respectively.

In this study, it was observed that 35 % of patients
attending the RNTCP centres were from urban slums,
20 % were from housing colonies, and 43 % patients were
from rural areas. Twenty-nine percent of the patients resid-
ing in urban slums were having pre-diabetes, and 12 %
were having diabetes. The prevalence of both the condi-
tions is high among those living in housing colonies and
rural areas. Table 3 shows the clinical profile of TB pa-
tients. Ninety percent of patients were having pulmonary
TB whereas 10 % were having extra-pulmonary TB.
Twenty-four percent of pulmonary TB patients were having
pre-diabetes whereas 14 % were having diabetes. With ref-
erence to bacillary index, 14 % of patients with diabetes
and 23 % with pre-diabetes were having 1+ sputum status.
Fifty-five percent were of Cat I type and 22 % were of
Cat-II type. Our study indicated that more patients with
pre-diabetes (24 %) and diabetes (18 %) were taking Cat
I type of treatment. Less patients having Cat II show that
they have either not defaulted during and/or discontinued
their previous treatment.
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Table 1 Number of TB patients from RNTCP centres in hospitals of three different regions

RNTCP centres TB patients Hyperglycemia n=86, Pre-diabetes n=54, Diabetes n=32, Normal n=48,
(n=220) (39.09 %) (24.55 %) (14.55 %) (21.82 %)

Bhubaneswar 72 29 (40.27) 20(27.77) 9 (12.50) 14 (19.44)

Cuttack 52 25 (48.07) 15 (28.84) 10 (19.23) 2(3.84)

Nayagarh 96 32 (33.33) 19 (19.79) 13 (13.54) 32(33.33)

Chi-square=18.27, p=0.006; Bonferroni adjustment=0.0125. Values in parenthesis are percentage

Figures 1 and 2 depict the FBG and RBG levels of TB
patients having pre-diabetes and diabetes, respectively.
There are very less variations in RBG and FBG levels
among people with pre-diabetes, the range being 40-70
whereas the variations of RBG/FBG were very high, being
100150, among patients with diabetes. This indicates that
the blood glucose levels show more fluctuations before and
after intake of food among patients with diabetes. The var-
iations in RBG and FBG levels in both the conditions are
highly significant, p<0.0001.

Table 4 depicts the diagnostic status of TB patients having
pre-diabetes and diabetes. Our results show that 57 % were not
knowing that they were having pre-diabetes and 43 % were
not aware that they were having diabetes. Only 42 % were
knowing that they were having problems such as excessive
thirst, excessive hunger and increased urination along with
increased weight, central obesity, fatigue, high blood pressure,
etc. but not aware that these could be the signs of pre-diabetes.
This is very serious as T2DM is a silent progressive disease,
and in the absence of appropriate treatment and lifestyle

Table 2 Socio-demographic profile of TB patients
Parameters Numbers screened Pre-diabetes Diabetes Normal Chi-square,
(n=220) [n=54, (24.54 %)] [n=32, (14.54 %)] [n=134, (6091 %)] (p value)
Socio-demographic profile
Gender Male 163 45 (27.61) 27 (16.56) 91 (55.83) 6.83, p<0.032
Female 57 9 (15.79) 5(8.77) 43 (75.44)
Age group 16-30 65 11 (16.92) 1(1.54) 53 (81.54) 29.30, p<0.001
(inyears) 3145 80 28 (35.00) 10 (12.50) 42 (52.50)
4660 75 15 (20.00) 21 (28.0) 39 (52.00)
Marital status ~ Married 180 46 (25.56) 31(17.22) 103 (57.22) 4.50, p<0.024
Unmarried 40 8(20.0) 1 (2.50) 31 (77.50)
Literacy status Illiterate 97 20 (20.62) 14 (14.43) 63 (64.95) 4.95, p<0.292
Sth - 10th 101 25 (24.75) 14 (13.86) 62 (61.39)
Graduation 22 9 (40.91) 4 (18.18) 9 (40.91)
Occupation Unemployed 8 2 (25.0) 0 (0.00) 6 (75.0) 31.45, p<0.002
Locality Regular job 19 3(15.79) 9 (47.37) 7 (36.84)
Habits Labourers 44 15 (34.09) 2 (4.55) 27 (61.36)
Business 30 9 (30.0) 7 (23.33) 14 (46.67)
Housewife 34 7 (20.59) 2 (5.88) 25(73.53)
No specified job/others/students 53 14 (26.42) 6 (11.32 %) 33 (62.26)
Farmer 32 4 (12.50) 6 (18.75 %) 22 (68.75)
Urban slums 78 23 (29.49) 10 (12.82) 45 (57.69) 2.97, p<0.560
Housing colonies 46 11 (23.91) 9 (19.57) 26 (56.52)
Rural 96 20 (20.83) 13 (13.54) 63 (65.63)
Smoking 21 6 (28.57) 4 (19.05 %) 11 (52.38) 5.37, p<0.710
Alcohol 13 5(38.46) 1 (7.69 %) 7 (53.85)
Gutka/tobacco 43 10 (23.26) 7 (16.28 %) 26 (60.47)
All 82 21 (25.61) 14 (17.07 %) 47 (57.32)
None 61 12 (19.67) 6 (9.84 %) 43 (70.49)
Lifestyle Sedentary 122 31(2541) 21 (17.21 %) 70 (57.38) 1.98, p<0.370
Active 98 23 (23.47) 11 (11.22) 64 (65.31)

Values in parenthesis are percentage

@ Springer



Int J Diabetes Dev Ctries (April-June 2017) 37(2):141-147 145
Table 3  Clinical profile of TB patients
Clinical profile
Parameters Numbers screened Pre-diabetes Diabetes Normal Chi-square,
(n=220) [n=54, (24.54 %)] [n=32, (14.54 %)] [n=134, (60.91 %)] (p value)
Type of TB Pulmonary 198 48 (24.24) 28 (14.14) 122 (61.62) 0.46, p<0.795
Extra-pulmonary 22 6 (27.27) 4 (18.18) 12 (54.55)
Category of treatment Cat-1 122 30 (24.59) 23 (18.85) 69 (56.56) 5.04, p<0.08
Cat-II 49 21 (42.86) 9 (18.37) 19 (38.78)
Bacillary index 1+ 88 21 (23.86) 13 (14.77) 54 (61.36) 9.32, p<0.156
(sputum positivity) 2+ 53 10 (18.87) 4 (7.55) 39 (73.58)
3+ 39 13 (33.33) 5(12.82) 21 (53.85)
-ve 40 10 (25.0) 10 (25.0) 20 (50.0)

Values in parenthesis are percentage

changes, it would lead to debilitating complications. Fifty-six
percent were having diabetes, established previously, and
were taking treatment for the same. The patients not aware
of their pre-diabetes or diabetes condition were referred to
the Department of Endocrinology and Diabetes for further
treatment, care and management.

Discussion

In this study, we determined the prevalence of pre-diabetes
and diabetes among 220 TB patients registered in selected
tuberculosis units (TUs) of RNTCP in hospitals of three dif-
ferent regions of Odisha namely Bhubaneswar, Cuttack and
Nayagarh. In our study, 24 % patients were having pre-diabe-
tes, 14 % were having diabetes, and 1 % were found to be
HIV-positive.

The number of TB patients showing hyperglycemia varied
from the three regions. More males, married patients and those
having less education were having either pre-diabetes or dia-
betes. Both the conditions were more common with advancing
age and sedentary lifestyle. More TB patients were found to be
addicted to either smoking, drinking alcohol and/or chewing

350

m 125 -
300 i 1y - = 1!%\622 m 123 . w183
» \ M{?ﬁs 2123‘.% i %o"-m/*.w;édgy\ﬂ%
200

150

100

50

0

1 3 5 7 9 11131517192123252729 31333537 394143 4547495153
—+—Pre-Diabetes RBS -m-Pre-Diabetes FBS

Fig. 1 Variation in FBG and RBG levels of TB patients having pre-
diabetes

tobacco/gutka. It was observed that 12 % (10) of these patients
residing in urban slums and 13 % (13) in rural areas were
having diabetes. Majority of patients with pre-diabetes and
diabetes were having pulmonary TB with 1+ sputum positiv-
ity and Cat-I type of treatment. The variations in RBG and
FBG levels among patients with pre-diabetes are very less
whereas that among patients with diabetes were very high,
thereby indicating that the blood glucose levels show more
fluctuations before and after intake of food among patients
with diabetes. Further, our results show that 57 % (31) were
not knowing that they were having pre-diabetes and 43 % (14)
were not aware that they were having diabetes. Therefore,
advancing age, illiteracy, having no specific job, inactive life-
style, smoking/drinking, living in crowded areas, poor living
conditions and unhygienic environment appeared to be the
risk factors for DM among TB patients in this state.

A nationwide INDIAB study conducted in the general pop-
ulation of Tamil Nadu, South India, showed that the preva-
lence rates of diabetes and pre-diabetes were 10.4 and 8.3 %,
respectively [17]. A study by Vishwanathan et al. showed that
prevalence rates of DM and pre-diabetes were 25.3 and
24.5 %, respectively, among TB patients registered under
RNTCP in South India [18]. In particular, type 2 DM is often
unrecognized. In two studies from Tanzania and Indonesia, 73
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Fig. 2 Variation in FBG and RBG levels of TB patients having diabetes
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Table 4 Diagnostic status of TB patients having pre-diabetes and
diabetes

Number (%)
Pre-diabetes (n=54) Newly diagnosed pre-diabetes 31 (57.40)
Established pre-diabetes 23 (42.59)
Diabetes (7=32) Newly diagnosed diabetes 14 (43.75)
Established diabetes 18 (56.25)

Values in parenthesis are percentage

and 61 % of diabetics, respectively, were newly diagnosed
concurrent with active TB [19, 20]. Similar studies have been
carried out at China and Uganda [21, 22]. The diabetes has
increased the burden of TB, especially in populations where
the prevalence of TB infection is high among young adults
[23]. In Odisha, the prevalence rate of DM is considered to be
around 10 and rising fast and that of TB (i.e. 418 per 100,000
population) is below the national average (i.e. 445 per 100,000
population) [24, 25]. A wide range of DM prevalence from 1.9
to 35 % was reported by screening for DM among patients
with TB in different regions of India [26-28]. The highest
values were reported from regions with high prevalence of
DM. Many of these patients were newly diagnosed as a result
of receiving expanded medical attention related to TB treat-
ment [29-31]. While some authors have expressed concern
over the feasibility of screening DM at field level as well as
the technologies used for assessment of blood glucose and co-
management of TB-DM cases, others suggest that high-
quality implementation research is needed to assess the value
and ways of screening for DM in patients with TB and vice
versa and to set up standardized systems of monitoring and
evaluation [32-34].

The strengths of this study are that we implemented screen-
ing within the routine health system. It is feasible to screen TB
patients for diabetes resulting in high rates of T2DM detec-
tion. The early identification of patients with co-morbidity,
especially among the newly diagnosed cases, helped us to link
these patients to appropriate DM care, which could lead to
improved TB treatment outcomes.

Limitations are that we could screen small number of pa-
tients and analyzed the data over a short period of time. Some
patients did not turn up for repeat testing; therefore, they were
followed up by DOTS providers. About 15 % did not agree
for a fasting blood test. However, the loss to follow-up was
less, the primary reasons for the low loss to follow-up being
the close proximity of the TB and DM clinics.

Another limitation of our study was that we were not able
to ascertain whether a high FBG in patients with TB was
indicative of true DM or of infection-induced hyperglycemia.
This requires periodic blood glucose testing over the course of
TB treatment, which was beyond the scope of the current
study. Further research is needed to ascertain this and the

@ Springer

optimum timing of DM screening among TB patients. More
research is warranted to investigate how the increasing inci-
dence of DM impacts TB control efforts in this state.

Conclusions

Screening for DM in TB patients could improve DM case
detection and early treatment, indirectly leading to better
TB-specific treatment outcomes and prevention of DM
complications.

The diagnosis of pre-diabetes and diabetes among TB pa-
tients is important for monitoring disease progression and risk
analysis which, in turn, would generate baseline data for plan-
ning further research studies and intervention strategies for
prevention of several complications. The status of co-morbid
conditions would guide the clinicians in deciding the appro-
priate treatment regimens and comprehensive management of
at-risk individuals. An early treatment, if initiated, would help
in further deterioration of the diabetes.

We, therefore, feel that screening TB patients, irrespective
of their complaints and symptoms, at regular intervals, for
RBG levels would go a long way in early detection of the
pre-diabetes and diabetes conditions.
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Abstract Insulin resistance (IR) and obesity are inter-related
causes of metabolic syndrome. Early identification before the
onset of metabolic syndrome will be useful to lead a healthy
life. The purpose of the present study was to identify the
importance of IR before the onset of metabolic syndrome in
apparently healthy, non-diabetics subjects. Data of 227 appar-
ently healthy non-diabetics (20-70 years) who reside in a sub-
urban area in Colombo district, Sri Lanka, were recruited for
this study. Fasting blood glucose (FBG), fasting serum insulin
(FSI), weight, height, waist circumference (WC), hip circum-
ference (HC), and mid-upper arm circumference (MUAC)
were measured and homeostatic model assessment for insulin
resistance (HOMA-IR) was calculated. Body mass index
(BMI), waist-to-hip ratio (WHR), and waist-to-height ratio
(WHtR) were calculated. Data were analyzed using
Statistical Package for Social Science (ver.17). Majority were
females (61.8 %). Prevalence of IR was 59.9 %. Mean BMI of
IR subjects was 28.3+2.7 kg m *where 75.3 % of obese had
IR. All anthropometric variables except height had significant
positive correlations (P<0.01) with IR. Linear regression
analysis indicated that BMI is useful in predicting IR while
logistic regression analysis showed that BMI and WC are the
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best predictors of IR in males whereas it was WHtR and WC
in females. Even though study subjects were apparently
healthy and not diagnosed as diabetes, those with elevated
anthropometric parameters had higher prevalence of IR. Best
anthropometric predictors of IR for a specific sex should be
used as an easy self-monitoring alarming sign before the onset
of metabolic syndrome.

Keywords Insulin resistance - Body mass index - Waist
circumference - Apparently healthy - Waist-to-height ratio -
Waist-to-hip ratio

Introduction

Insulin resistance (IR) is a state in which normal amounts of
serum insulin are not adequate to produce the expected bio-
logic response in target tissues like adipocytes, muscle, and
liver [1]. IR is a characteristic feature of type 2 diabetes (T2D)
which is mainly linked with metabolic syndrome (MS). IR is
considered as one of the major causative factors for MS, a
cluster of metabolic abnormalities including diabetes, high
blood pressure, and high cholesterol levels along with obesity.
Over the past two decades, worldwide prevalence of MS has
increased significantly. Approximately 20-25 % of the
worlds’ adult population accounts for MS, and they are prone
to fivefold greater risk of developing T2D [2]. It is estimated
that around 90-95 % of diabetes worldwide are diagnosed as
T2D with IR. Furthermore, prevalence of MS among South
Asians is estimated to be 20-25 %, and early onset of T2D and
cardiovascular diseases (CVD) is common among Asians [3].
In 2005, the prevalence of T2D among Sri Lankans was ap-
proximately 11 % and one fifth of adults were found to be
dysglycemic [4]. Obesity, as one of the major components of
MS, has reached epidemic proportions during the last three
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decades [5]. A global pandemic of obesity is driving the in-
creased incidence and prevalence of T2D and, on the other
hand, increased IR causes some degree of obesity. Overweight
and obesity prevalence was at peak in the USA out of all the
WHO regions and lowest was reported in South East Asia.
Women have higher tendency to be obese than men in the
world. Incidence of overweight and obesity among Sri
Lankans were at elevated levels. In year 2005/20006, the prev-
alence of overweight of both genders was 25.2 %, and in
2006/2007, 31.2 % of women were found to be overweight
[6].

Studies have shown that increased IR results in failure of
suppression of hepatic glucose production and peripheral IR
impairs peripheral glucose uptake. Thus, it leads to fasting and
postprandial hyperglycemia with high fasting serum insulin
(FSI) levels with the progression to T2D. Later in the course
of T2D, IR begets IR by reduced non-oxidative glucose me-
tabolism in muscles, further exacerbating hyperglycemia [7].
Yet, many studies consider IR as a diagnostic criterion in overt
T2D individuals despite the fact that increase in IR makes a
strong predictor for early development of MS and future dia-
betes [8]. Therefore, assessing IR is a useful indicator to know
the state of hyperinsulinemia before the onset of T2D or to
alarm the individuals who have the high potential to develop
MS [9]. A variety of methods are being used to measure IR,
where hyperinsulinemic euglycemic clamp is considered as
the gold standard. The homeostasis model assessment of IR
(HOMA-IR) was developed based on the above to provide a
simple, consistent, and inexpensive method to detect IR in
individuals. It involves only measuring FSI value as well as
fasting blood glucose (FBG) value of a subject. Thus, it indi-
cates fasting steady state levels of blood glucose and serum
insulin for any dynamic function of pancreatic beta cells and
insulin sensitivity. HOMA index >1 is considered as insulin
resistant [10]. Therefore, moderate or large increases in
HOMA-IR can have an effect on apparently healthy, non-di-
abetic, but early MS subjects.

Conventionally, multiple methods of cheap costless anthro-
pometry are being used to assess obesity and body fat distri-
bution. As obesity itself could be used as a marker to predict
IR, anthropometric measures and indices such as waist cir-
cumference (WC), body mass index (BMI), waist-to-hip ratio
(WHR), and waist-to-height ratio (WHtR) are used to classify
general obesity and regional adiposity, and also to define the
risk groups who have the tendency to develop metabolic ab-
normalities. Some studies have correlated different anthropo-
metric parameters with IR [11] in MS subjects.

In genetically predisposed subjects, defects in insulin se-
cretion can lead to impaired fasting glucose (IFG) which can
be assessed by the anthropometric measures. Some individ-
uals with obesity might be metabolically healthy and some
lean individuals with an increased amount of visceral body
fat distribution might have significant IR. Therefore, it is vital

to identify which anthropometric parameter has the significant
association with IR and which parameter enables optimizing
the clinical prediction of IR. Further, detecting insulin-
resistant subjects in a general population provides an evalua-
tion of early diagnosis of apparently healthy but early MS
individuals. To our knowledge, no study has been carried
out to identify the significance anthropometric parameters in
measuring IR as an early detection method before the devel-
opment of MS. Hence, the aim of the present study was to
identify the significance of costless, self monitoring anthropo-
metric parameters that would optimize clinical prediction of
IR in apparently healthy, non-diabetic, male and female
subjects.

Methods
Study design and participants

A descriptive cross-sectional study was carried out at the
Family Practice Centre, University of Sri Jayewardenepura,
located at Nugegoda, a city exceeding 250,000 of multi-
ethnic population. Non-probability, convenience sampling
was used and sample size was determined by the equation
for estimating mean.

The study was approved by the Ethics Review Committee
of University of Sri Jayewardenepura and informed written
consent was obtained from all individual participants prior to
the study. This study involved 227 study participants between
20 and 70 years of age. The subjects enrolled in this study
were fully informed about the study protocol, and informed
written consent was obtained from all the subjects, prior to the
study. Apparently healthy subjects who were not diagnosed as
having diabetes (FBG <6.9 mmol/L) were included in the
study, whereas subjects who were pregnant, on steroidal drug,
and having severe diseases; who have physical and cognitive
impairments; and who dislike to participate in the study were
excluded.

Anthropometric measurements and indices

All the anthropometric measurements were taken of the stan-
dard protocol according to NHANES [12]. Individuals’ height
was measured using a stadiometer to the nearest 0.1 cm. Body
weight was measured using an electronic digital weighing
scale (Chyo, Mu-150 K, Japan) to the nearest 0.1 kg. WC
was measured at the approximate midpoint between the lower
margin of the last palpable rib and the crest of the ileum (top of
the hip bone), placing the non-stretchable tape around the
trunk in a horizontal plane. The tape was parallel to the floor
and it was without compressing the skin. The measurement
was made at the end of a normal expiration to the nearest
0.1 cm. Similarly, HC was measured by placing the non-
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stretchable tape around the widest portion of the buttocks, and
the sides of it were adjusted to ensure that it is in a horizontal
plane. The measurement was taken from the right side of the
subject to the nearest 0.1 cm. Mid-upper arm circumference
(MUAC) was measured when the subjects were standing up-
right, shoulders relaxed, and the right arm bent at 90°. The
tape was wrapped around the midpoint of the arm between the
shoulder (Acromian process) and the tip of the elbow
(Olecranon process), and the measurement was taken to the
nearest 0.1 cm.

Anthropometric index BMI was calculated dividing body
weight in kilograms by the square of the height of the body in
meters. Anthropometric ratios such as WHR and WHtR were
calculated as the ratio of the circumference of the waist to the
hip and the circumference of the waist-to-height, respectively
[13, 14].

Blood samples and biochemical analysis

The subjects were instructed to come with an overnight fasting
period. Prior to phlebotomy, all the required materials for
blood drawing were assembled and fasting blood samples
were collected from each individual by a trained phlebotomist
in an aseptic environment while the subject was in a seated
position preceded by a 10—15-min rest. Blood samples were
collected into empty sterile centrifuge tubes without an anti-
coagulant and allowed to clot for 30—40 min at room temper-
ature, for serum separation. About 150 pL blood was pipetted
simultaneously, into an Eppendorf tube with NaF for FBG
analysis. Collected samples were taken and analyzed at the
Faculty of Medical Sciences, University of Sri
Jayewardenepura.

Blood in Eppendorf tubes was centrifuged at 3600 rpm for
10 min and serum was separated for FBG analysis. The rest of
the blood in centrifuge tubes was centrifuged at 3600 rpm for
10 min at room temperature to separate the serum. Serum was
stored in a deep freezer at —20 °C for batch assay of serum
insulin while analysis of FBG was done on the same day.

FBG and FSI levels were analyzed using glucose oxidase
(GOD-PAP) kit method and ELISA method, respectively. All
the required steps of the procedure were carried out as indi-
cated in the kits (Biolabo reagent, Maizy; DRG International,
Inc, USA) according to the manufacturers’ guidelines. Insulin
resistance was estimated by the homeostatic model assess-
ment of insulin resistance (HOMA-IR) defined as

HOMA—IR = [FSI (uU/mL) x FBG (mmol/L)]/22.5

Definitions of outcome and covariates

Subjects were classified as normal and impaired fasting glu-
cose according to IDF/WHO criteria [15]. WC and WHR
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were divided into two categories, as metabolic risk and normal
based on WHO classification for males and females separately
[13]. Obese and non-obese categories were derived from
WHO South Asian classification for BMI [16]. MUAC was
also classified as metabolically normal and risk, based on
cutoff values given in literature [17]. WHtR was classified
into metabolic risk and normal groups based on the findings
of Ashwell and Hseih [14]. As a measure of IR, subjects
having HOMA-IR >1 was taken as insulin resistant [10].

Statistical analysis

All data were double entered and cross-checked for consisten-
cy. Data were analyzed using the Statistical Analysis Package
for Social Sciences version 17 (SPSS Inc, Chicago, IL, USA).
Means and standard deviations were computed for anthropo-
metric and biochemical variables. Independent sample ¢ - test
was done to find out the significant differences among IR and
normal groups for anthropometric parameters.

Stepwise linear regression analyses, utilizing continuous
anthropometric measures as potential independent predictors,
were performed to predict HOMA-IR. The parameters used
were weight, height, WC, HC, MUAC, BMI, WHR, and
WHtR. A stepwise regression was performed on all partici-
pants, using all anthropometric parameters as predictive vari-
ables and HOMA-IR as the dependent variable. A second
stepwise regression was done, with the same conditions, after
dividing the participants into two groups as females and
males.

Binary logistic regression analysis was carried out in di-
chotomous variables, to identify the relative risk factor and the
most suitable anthropometric parameter to predict the risk of
IR. All the analysis was carried out for the total population as
well as for males and females separately. Logarithmic values
of HOMA-IR were used in the analysis to normalize its
distribution.

Results

The study population had only 40.1 % males and females
were the majority. The comparison of the biochemical and
anthropometric data with HOMA-IR >1 and <1 is given in
Table 1. The study indicates that, except age and height, all the
other clinical parameters are significantly higher in insulin
resistant group. The percentage of subjects with increased IR
in this study was 59.9 % (n=136). Among the subjects with
increased IR, female population was high with 61.8 %, and
38.2 % were males.

Among the insulin-resistant subjects, 49.3 % of both sexes
were obese (BMI >25 kg mfz) having a mean BMI of 28.3+
2.7 kg m ? even though the mean BMI of subjects having
HOMA-IR >1 was 25.1+9.7 kg m . This was higher than
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Table 1 Baseline parameters of
apparently healthy non-diabetic Characteristics Non-diabetic, apparently healthy subjects (n=227) P value
subjects with HOMA-IR values
IR (HOMA-IR >1) (n=136)  Normal (HOMA-IR <1) (n=91)
Age (years) 41+14 41+13 P>0.05
Anthropometric data
Weight (kg) 64.2+14.2 58.4=+11.1 P<0.05
Height (cm) 159.849.8 159.5+14.6 P>0.05
WC (cm) 86.1x11.1 79.9+£9.9 P<0.05
HC (cm) 98.6+8.8 95.4+7.6 P<0.05
MUAC (cm) 30.3+£3.7 28.1+3.4 P<0.05
BMI (kgm2) 251+9.7 22.6+3.7 P<0.05
WHR 0.940.1 0.8+0.1 P<0.05
WHtR 0.5+0.1 0.5+0.1 P<0.05
Biochemical data
FBG (mmol/L)  4.8+0.7 45+0.5 P<0.05
FSI (pmoV/L) 63.1£1.7 20.9+1.5 P<0.05
HOMA-IR 2.5+1.9 0.6+0.2 P<0.05

All the characteristics are described as mean+standard deviation. Means were significant (two-tailed) at P<0.05

WC waist circumference, HC hip circumference, MUAC mid-upper arm circumference, BMI body mass index,
WHR waist-to-hip ratio, WHR waist-to-height ratio, FBG fasting blood glucose, FSI fasting serum insulin,
HOMA-IR homeostatic model assessment of insulin resistant

the mean of whole study population which was 24.1+
4.1 kg m 2and much higher than the BMI of subjects who
had HOMA-IR less than 1 which was only 22.6+
3.7 kg m2. But, among the insulin-resistant subjects,
60.8 % were overweight or above (BMI >23 kg m 2). The
percentage of participants classified as insulin-resistant was
highest among obese subjects, which was 75.3 %.

All the continuous, anthropometric parameters were
used in a standard regression analysis to predict IR as
independent variables. Stepwise multiple linear regression
analysis was performed for the continuous variables in the
total population to find out significant determinants for
HOMA-IR. The raw and standardized regression coeffi-
cients of the predictors together with their correlations
with IR, their squared semi-partial correlations, and their
structure coefficients are shown in Table 2. Even though
BMI, WHR, and WC were selected, and both WHtR and
MAC were excluded in both males and females, the cor-
relation of the variables, except height, had statistically
significant (P=0.000) difference. According to the step-
wise regression analysis carried out, the prediction model
had two of the eight predictors for the total population.
The model was statistically significant, F (227) = 29.269,
P<0.01. Tt suggests that the effect of BMI on HOMA-IR
was dominant compared with other parameters (P=0.000)
and to a lesser extent by higher WHR levels. In male
population, HOMA-IR was primarily predicted by BMI
(F=46.128, P<0.01), whereas in females, it was WC
(F=23.450, P<0.01).

In binary logistic regression analysis, odds ratios of the
anthropometric parameters are given in Table 3. Among the
total population, relative risk of BMI and WHtR had a higher
association with IR. In males, BMI as well as WC had high
relative risk for IR, and in females, WHtR and WC had high
relative risk.

Discussion

Variety of anthropometric techniques is being used to identify
obesity and body fat distribution, and obesity itself is used as a
marker to predict IR. Central obesity identified by WC and IR
are considered as underlying causative factors of metabolic
syndrome and T2D. Several studies have been carried out to
identify the association of one or more anthropometric param-
eters with the high risk for developing above metabolic abnor-
malities in different populations with various conditions.
Measures of central obesity as well as generalized obesity
have been studied for positive predictive value in different
populations with varying results. The goal of this prospective
study was to identify the link between anthropometric param-
eters and IR using HOMA-IR index and to identify the most
suitable anthropometric parameter which would optimize clin-
ical prediction of IR in apparently healthy, non-diabetic, male
and female subjects specifically. To our knowledge, this is the
study first to predict IR using anthropometric parameters
among apparently healthy subjects, carried out in a Sri
Lankan population. It showed that apparently healthy, non-
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Table 2 Stepwise regression analysis for predicting IR
Model b SE-b Beta Pearson correlation s? Structure co-efficient
Total population (n=227)

Constant —0.794 0.125

BMI* 0.037 0.005 0.431 0.431 0.185 1.010

WHR* 0.674 0.276 0.158 0.303 0.025 0.665
Males (n=91)

Constant -1.371 0.219

BMI* 0.061 0.009 0.584 0.584 0.341 1.000
Females (n=136)

Constant —0.882 0.202

WwC* 0.012 0.002 0.386 0.386 0.144 0.999

The dependent variable is insulin resistance. st* is the squared semi-partial correlation

WC waist circumference, BMI body mass index, WHR waist-to-hip ratio
*Significance at P<0.05

diabetic individuals had higher prevalence of IR with elevated
anthropometric parameters. Linear and logistic regression
analyses revealed that, among all the anthropometric parame-
ters, BMI and WC are considered as the best predictors of IR
in males and WHtR and WC in females.

Hyperinsulinemia and IR are two markers that are being
used to identify subjects who have high tendency to develop
IR-related metabolic abnormalities such as T2D and cardio-
vascular diseases [7]. Most of the studies related to IR have
been carried out among subjects with either T2D or some
other disease conditions [18-20]. Only a few studies have
used random samples from the general populations [21]. The
incidence rate of IR in our apparently healthy study population
was 59.9 % which was comparatively higher than the preva-
lence among Chennai (11.2 %) urban subjects, [22] and the
recorded IR prevalence in a Chinese population (7.2 %) [23].
This greater incidence rate of IR among non-diabetic subjects
may account for racial and ethnic differences among the pop-
ulations, and furthermore, studies have also showed that South
Asians are more insulin resistant than Caucasian individuals
independent of their adiposity and body fat distribution [22].
According to literature, South Asian Indians have a higher

tendency to develop MS and T2D, perhaps due to genetic
predisposition at smaller body sizes with increased central
adiposity in the presence of a lower BMI [16]. Thus, screening
of both glucose and serum insulin levels and calculating IR
even at a lower level of BMI would be advantageous to min-
imize the risk of developing metabolic abnormalities.
Overweight and obesity had been positively associated
with IR and hyperglycemia especially in subjects with T2D
and CVD risk factors [24]. Even in non-diabetic individuals, if
they are overweight or obese, there is a high tendency to
become IR or hyperinsulinemic [25]. In addition, excess re-
gional adiposity is considered as a major causative factor of IR
[26]. The incidence of obesity among IR subjects was 49.3 %
with a mean BMI of 28.3+2.7 kg m_z, which was greater than
the average BMI of whole study population (24.1+
4.1 kg m?), and 60.8 % of insulin-resistant subjects were
overweight or above. This shows that subjects with over-
weight have a tendency to have high IR. South Asians with
high IR were found to be obese. The occurrence of high per-
centage of obesity (75.3 %) among the more IR population
indicates that Sri Lankans, too, have a high tendency to de-
velop MS. These findings are in line with the several other

Table 3  Odds ratio for the anthropometric risk factors associated with insulin resistance.

Total (n=227)
OR (95 % CI)

Anthropometric parameters

Males (n=93)
OR (95 % CI)

Females (n=134)
OR (95 % CI)

BMI (kg m?>) 2.91 (1.668-5.101)*
WHtR 2.87 (1.638-5.045)*
WHR

WC (cm)

4.35 (1.740-10.869)*
2.86 (1.188-6.870)*
2.25 (0.942-5.374)
3.92 (1.309-11.708)*

2.33 (1.140-4.776)*
2.88 (1.384-6.009)*
2.52 (1.234-5.160)*
2.72 (1.307-5.660)*

WC waist circumference, BMI body mass index, WHR waist-to-hip ratio, WHR waist-to-height ratio, OR odds ratio

*Qdds ratio significant at P<0.05
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earlier study findings [27, 28]. Further, the elevated IR level
was positively associated with increased anthropometric pa-
rameters. Increasing IR has been found to be linked with in-
creased subcutaneous as well as abdominal adipose tissue in
Asian Indians [29]. Thus, increasing IR is inclined to give
increased anthropometric parameters in non-diabetics. These
findings indicate that IR directly effects by causing obesity
and it influences individuals to gain weight physiologically
[28]. Therefore, the above outcomes ensure that identifying
generalized or regional adiposity has a significant relationship
with identifying IR related metabolic abnormalities. Since the
prevalence of IR was higher in our study, it would be better to
carry out further investigations on a larger sample to find out
the prevalence among healthy Sri Lankans.

When we assess the IR prevalence as well as the metabolic
risk among the two genders, based on WC and WHR, the
percentage of female insulin-resistant subjects, who were at
the metabolically risk category, was greater than the percent-
age of males. Deposition of body fat varied among two gen-
ders. Females tend to deposit more fat peripherally when com-
pared to central deposition in males. And, these findings were
supported by the earlier reports of Alemzadeh and Kichler
[30]. Therefore, female subjects have a high tendency to de-
velop IR-related metabolic abnormalities which suggests that
lower total lean body mass and greater fat mass may play a
strong role in pathogenesis of IR and related obesity among
females.

Regression analysis indicates that measures of central adi-
posity or measures of general obesity alone cannot predict the
overall adiposity vis-a-vis IR among the apparently healthy
subjects. In contrast, the results indicate that both anthropo-
metric measurements and indices in determining central or
generalized adiposity are collectively corporate in predicting
IR. Present study found that both WHtR and BMI are better
measures to assess the metabolic abnormalities in a general
population with both genders. Further, we found BMI and
WC as better predictors of IR among males and WHtR and
WC for females.

BMI is an index which reflects the measures of relative
weight. Further, categorizing of body weight which includes
degrees of underweight and overweight is based on BMI.
Hence, it is an acceptable alternative for thinness and fatness
that have been directly related to health risks and death rates in
many populations [31]. It has been used traditionally as an
indicator. However, classical cutoffs of BMI among South
Asians showed that even at relatively low levels of obesity,
subjects are more prone to develop T2D as South Asians have
higher amounts of body fat deposition in abdominal areas
[16]. In comparison with general obesity, defined by BMI
alone, site of excess body fat deposition is a predominant
factor of determining the tendency to develop MS and related
diseases like T2D and coronary heart diseases as abdominal
obesity is significantly linked with MS [19]. Therefore,

involvement of a central adiposity measurement adds to a
great advantage.

Out of the measures of central obesity, waist circumference
(WCQ) is the most widely used central adiposity measure as it
has a good prognostic value in identifying metabolic abnor-
malities [13]. According to our study findings, even though
WC is a primary predictor of IR in females, males with high
WC also have a high risk of developing IR. WC has gender
specific cutoff points to assess risk of getting co-morbidities of
obesity, as males have a greater total lean mass, bone mineral
mass, and a comparatively lower fat mass than females.
Female subjects have considerably visceral adiposity than
males. Hence, WC is attributed to predict IR in males and
females separately, using different cutoff values.

However, WC is dependent upon the height measurement
of a subject; hence, WHtR provides a better tool for assessing
the metabolic