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ABSTRACT

Women who develop diabetes during pregnancy (Gestational diabetes mellitus-GDM) increase their risk of
developing type 2 diabetes mellitus (T2DM) post-partum by 70%. The average time to develop T2DM varies and is
not widely studied. T2DM is associated with increased risk of developing dyslipidemia leading to cardiovascular
diseases. We intended to study the association of dyslipidemia and T2DM as early as 6 weeks post-partum. A
matched case control study was designed, and conditional logistic regression analysis applied to get adjusted matched
odds with 95% confidence intervals. Our study revealed increased serum LDL levels in the cases compared to the
controls (p=0.03). However, no association was seen with other lipid parameters.
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INTRODUCTION

The burden of type 2 diabetes mellitus (T2DM) is on a
rise.! Globally, 425 million people suffer from T2DM
(one in eleven) and this is projected to increase to 629
million by 2045.Three quarters of people with type 2
diabetes mellitus live in low and middle income
countries. One in every six pregnant women develops
gestational diabetes mellitus (GDM).? These women are
globally seven times more likely to develop type 2
diabetes mellitus later in life as compared to other
women.? In Pakistan, 26.3% of the population has T2DM
and 14.4% are pre-diabetics, contributing 3% of the
proportionate mortality rate.>* In Pakistan, one in every
seven women develops GDM.5

T2DM is associated with myriad complications including
dyslipidemia, which is a risk factor for cardiovascular
diseases.® The cardiovascular diseases including the

ischemic heart diseases and stroke have remained the
leading cause of mortality for the past 15 years.” It is
estimated that 72-85% of the diabetics suffer from
dyslipidemia including low HDL, high LDL, VLDL and
IDL.2 A positive correlation has been noted between
serum HbAIC levels and the severity of dyslipidemia.®
However, little is known on how early dyslipidemia
develops after the onset of T2DM.The aim of our study
was to determine the differences in the blood lipid levels
in women who developed T2DM after GDM and those
who reverted back to the euglycemic levels 6 weeks post-
partum.

METHODS

Our study was a nested matched case-control design in
the parent study; Pakistan prevention program-gestational
diabetes mellitus (PPP-GDM). PPP-GDM was a
randomized control trial with behavioral intervention. The
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baseline and end-line  measurements included
administration of questionnaires for socio-demographic
and reproductive history, anthropometric measurements
and laboratory investigations including lipid profile of the
participants. The participants were enrolled from Aga
Khan hospital (AKU) and Jinnah post-graduate medical
college (JPMC), Karachi. The study continued from
September 2015 to December 2017. Ethical clearance
was taken from the ethical review committee of Aga
Khan hospital (AKU) prior to the commencement of the
study.

For the purpose of our study, women who did not revert
back to euglycemic status 6 weeks postpartum were
considered cases and women who reverted were taken as
controls. Each case was matched with a maximum of five
controls based on age (+2 years), enrollment site and the
time of recruitment (within 3 months). The total sample
size achieved was 131, including 42 cases and 89
controls. A total of 41 participants were from AKU (7
cases, 34 controls) and 90 from JPMC (35 cases, 55
controls).

Generalized estimating equations were used to calculate
statistical differences between the cases and the controls.
The variable of socio-economic status was constructed by
the technique of factor analysis of variables (monthly
family income spent on food, health, clothes, education;
owning a washing machine, refrigerator, freezer; number
of televisions, air-conditioners, computers, mobile
phones, motor-cycles and cars present at home).
Conditional logistic regression was applied to calculate
matched odds (Crude and adjusted) and p<0.05 was
considered statistically significant. All analyses were
carried out on SPSS version 23.

RESULTS

Table 1 demonstrates the characteristics of the cases and
the controls of the study. The mean age of the cases and
the controls was 31.19 and 30.30 years, respectively. The
mean systolic and diastolic pressure too were higher
among the cases (Systolic B.P: 115.5 mmHg in cases vs.
109.1mmHg in controls, p=0.011) (Diastolic B.P: 82.8
mmHg in cases vs. 76.9 mmHg in controls, p=0.002).
Among the serum lipid parameters, serum LDL
cholesterol levels were significantly higher among the
cases (129.1 mg/dl in cases vs. 114.4 mg/dl in controls,
p=0.033). No statistical difference was observed in the
serum cholesterol, triglycerides, VLDL and HDL levels
across the cases and the controls.

Table 2 shows crude matched odds followed by adjusted
matched odds with 95% confidence interval. Among the
serum lipid profile, serum LDL levels were found to be
significantly associated with the cases. A ten unit (mg/dl)
increase in the serum LDL levels increased the risk of
having T2DM by 10% among the cases (AOR: 1.10;
p=0.02).
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Table 1: Characteristics of women who do not revert
to euglycemic levels (cases) and matched control
subjects, (n=131).

Cases,
(n=42)

Variables

Socio-demographic characteristics

31.19
Age (Years) (0.71)
Religion, n (%)
Muslim 39 (92.9)
Non-Muslim 3(7.1)
Education (Years) 8.71

(0.71)
Education of the 9.29
husband (Years) (0.75)
Occupation, n (%)
Housewife 37 (88.1)
Working 5 (11.9)
Socio-economic status, n (%)
Low 17 (40.5)
Middle 14 (33.3)
High 11 (26.2)
Reproductive history
Total number of 4.02
pregnancies (0.40)
Aol os
median (IQR) (0105
Total number of 3.00
live-births (0.28)

Anthropometric measurements

Waist circumference  90.19
(cm) (1.80)
Hip circumference 107.08
(cm) (2.32)
2 29.61
BMI (kg/m?) (0.95)
Mean systolicBP  115.54
(mmHg) (2.05)
Mean diastolic BP 82.84
(mmHg) (1.57)
35.60
Body fat (%) (1.40)
Serum lipid profile
Serum cholesterol 180.40
(mg/dl) (5.77)
Serum triglycerides  203.26
(mg/dl) (31.09)
48.14
Serum HDL (mg/dl) (4.58)
129.17
Serum LDL (mg/dl) (5.82)
Serum VLDL 42.12
(mg/dl) (6.24)

*P values and SE reported by GEE.

Controls,

(n=89)
Mean

30.30
(0.74)

86 (96.6)
3(3.4)
10.00
(0.66)
10.64
(0.71)

81(91.0)
8 (9.0)

26 (29.2)
31 (34.8)
32 (36.0)

3.54
(0.36)

0.87
(0.12)

2.58
(0.26)

85.65
(1.33)
103.41
(1.07)
27.82
(0.57)
109.17
(1.68)
76.96
(1.09)
35.17
(0.85)

176.40
(2.98)
140.61
(11.77)
52.67
(4.68)
114.47
(3.11)
29.21
(2.29)

0.712

0.358

0.796

0.879

0.282

0.713

0.551

0.338

0.312

0.038

0.138

0.110

0.011

0.002

0.787

0.602

0.077

0.447

0.033

0.074
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Table 2: Associations between socio demographic
characteristics, reproductive history, anthropometric
measurements, laboratory investigations and diabetes

mellitus at 6 weeks post-partum in a hospital based
matched case control study, Pakistan.

. Matched COR, Matched AOR
VETTELEES (95% CI) (95% CI)
Religion
Muslims 1 1
Non-Muslims it e

(0.54-14.35) (0.23-22.85)

Occupation
Housewife 1 1
Workin 2.42 5.61

g (0.58-10.04) (0.71-44.06)
Total number of 0.77 0.73
miscarriages (0.52-1.14) (0.43-1.23)
cirumerenc (1619?5-1 33) ?69655- 1.40)
(cm)* . . . .
:’_:Irlz”mference (16150-1 27) (16059-1 68)
(cm)* . . . .
Mean systolic BP 121 0.81
(mmHg)** (0.90-1.48) (0.43-1.62)
Mean diastolic BP  1.48 1.62
(mmHg)** (1.00-2.36) (0.59-4.41)
tsreig'j;ze”des (11.080_1 00) ?6931-1 00)
(mg/dly** ' ’ ' ’
Serum LDL 1.10 1.10
(mg/dl)** (1.00-1.21) (1.00-1.34)
Serum VLDL 1.21 1.10
(mg/dl)y** (1.00-1.34) (0.66-1.96)

*The matched odds ratios are displayed for 5 unit increase in the
predictor variable, ** The matched odds ratios are displayed for
10 unit increase in the predictor variable

DISCUSSION

Our study found a positive association between the serum
LDL levels and the development of T2DM at six weeks
post-partum following gestational diabetes mellitus. Our
results are in line with other studies that have found
similar results. A recent meta-analysis determining the
association of the lipid parameters and the risk of T2DM
concluded that they have the ability to reflect the risk of
T2DM (n=10). It was shown that the serum LDL levels
were minutely but significantly higher among the cases as
compared to the controls (SMD: 0.44; 95% CI: 0.11-
0.77).1° Another study in India also demonstrated a
positive correlation between fasting blood sugar levels
and serum LDL (Pearson correlation coefficient: 0.072).8
In contrast to our study, most of the other studies have
reported a positive association between T2DM and other
serum lipid parameters; total cholesterol, serum HDL,
serum TG and serum VLDL.% We assume that the small
sample size of our study was unable to detect the other
associations.

The biologic plausibility of diabetes and dyslipidemia has
been widely studied. Insulin is a key hormone in the
regulation of lipid metabolism. It is postulated that insulin
promotes the clearance of serum-LDL by increasing LDL
receptor expression and activity on the peripheral cells.'*
The lack of insulin or insulin resistance in diabetes thus
contributes to an increased level of serum-LDL.
However, our study design was not powered to detect the
development of dyslipidemia resulting from T2DM.

The major strength of our study was that the association
of T2DM and dyslipidemia has not been previously
studied in women of GDM as early as six weeks post-
partum, to the best of our knowledge. This would be a
corner stone in revealing the association in this particular
group of women. We also applied vigorous analytical
techniques to come up with robust results. Most of the
established co-variates of dyslipidemia such as BMI,
body fat, blood pressure etc. were adjusted for in the
analysis. However, our study does not come without
limitations. The sample size of our study was not
calculated a-priori as this was a nested study design in the
larger project. We are not sure if our sample was
adequately powered to detect the associations. Our study
also could not establish the temporal association of
dyslipidemia and T2DM due to the design of the study.
Lastly, the glycemic status of the participants when they
entered pregnancy was un-known, it is likely that some of
them already had frank diabetes that only got diagnosed
once they entered our study.

CONCLUSION

This study has highlighted the association of T2DM and
dyslipidemia at a very early stage. This association needs
to be further evaluated in this particular group before we
look into its etiology and risk factors.
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