
Iran Red Crescent Med J. 2017 June; 19(6):e13097.

Published online 2017 May 14.

doi: 10.5812/ircmj.13097.

Research Article

Early Postpartum Lipid Profile in Women with and Without

Gestational Diabetes Mellitus: Results of a Prospective Cohort Study

Sedigheh Nouhjah,1,* Hajieh Shahbazian,1 Shayesteh Jahanfar,2 Nahid Shahbazian,3 Alireza

Jahanshahi,1,4 Bahman Cheraghian,5 Leila Hardanipasand,1 and Mitra Moradi1

1Diabetes Research Center, Health Research Institute, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
2School of Health Sciences Building 2212, Room 2239 Central Michigan University, Mount Pleasant, MI 48859 USA
3Department of Obstetrics and Gynecology, Fertility Infertility and Perinatology Research Center, Imam Khomeini Hospital, Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran
4Internal Medicine Ward, Golestan Teaching Hospital, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
5Department of Epidemiology and Biostatistics, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

*Corresponding author: Sedigheh Nouhjah, Diabetes Research Center, Health Research Institute, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran. E-mail:
s_nouhjah@yahoo.com, Hjb.shahbazian@gmail.com

Received 2017 February 11; Revised 2017 March 07; Accepted 2017 April 05.

Abstract

Background: Dyslipidemia is a well-known risk factor of cardiovascular disease. Few studies focused on early postpartum lipids
profile, particularly in women with gestational diabetes mellitus.
Objectives: This study aims at determining the levels of total cholesterol, triglycerides LDL-C, HDL-C, and VLDL-C at 6 to 12 weeks
postpartum in women with gestational diabetes, comparing them to lipids profiles of controls and identifying independent risk
factors of dyslipidemia in 2 studied groups.
Methods: Life after gestational diabetes, Ahvaz study (LAGAs), was started on March 2015. This was an ongoing population-based
cohort study that aimed at investigating metabolic outcomes of gestational diabetes mellitus and comparing them with healthy
groups. Up to February 2016, during the first 11 months sampling, 176 women with gestational diabetes and 86 healthy mothers
underwent FBS, 75-g 2- hour oral glucose tolerance and fasting lipids tests (including total cholesterol, triglyceride, LDL- cholesterol,
HDL -cholesterol, and VLDL-cholesterol) in 6 to 12 weeks after delivery.
Results: Overall prevalence of dyslipidemia was 73.7%. Most common forms of dyslipidemia in 2 groups were HDL-C < 50 and raised
total cholesterol (T-C ≥ 200). Women with gestational diabetes had higher total cholesterol, triglyceride, LDL-C, and VLDL-C com-
pared with controls. Prevalence of total cholesterol ≥ 200, triglyceride ≥ 150, HDL-C < 50 (md/dL), and LDL-C ≥ 130 (md/dL) was
37.5%, 22.2%, 43.8%, and 27.8 in GDM women 6 to 12 weeks after delivery, respectively; 73.3% (129/176 (of GDM women had at least one ab-
normal values of lipids. Pre-pregnancy BMI≥ 25 and history of GDM in first relatives were associated risk factors for dyslipidemia in
women with gestational diabetes. In multivariate analysis, only BMI ≥ 25 in healthy group remained as an independent risk factor
for dyslipidemia 6 to 12 weeks postpartum.
Conclusions: Dyslipidemia is highly prevalent in women with and without GDM at 6 to 12 weeks postpartum, particularly in over-
weight and obese women. Dyslipidemia and obesity are both modifiable risk factors for cardiovascular disease.
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1. Background

Dyslipidemia is a well-known independent risk fac-
tor for cardiovascular disease (CVD) and progression of
atherosclerosis. Based on a 30-year cohort study, each in-
crease of 10 mg/dL in total cholesterol is associated with 5%
increase in total mortality and 9% in mortality from cardio-
vascular disease (1).

Normal pregnancy is associated with many changes
in maternal lipid profile. These alterations include rising
total cholesterol, HDL-C, LDL-C, and specifically elevated
triglycerides (2). Pregnancy alteration of lipid metabolism
may permanently remain after delivery. Maternal hyper-

triglyceridemia is associated with increased risk of cardio-
vascular disease in later years of life (3).

Gestational diabetes mellitus (GDM) is a rising
metabolic disorder, which complicates 1% to 28% of
pregnancies (4). Similar to dyslipidemia, history of GDM
is considered a potential risk factor for cardiovascular dis-
eases, among middle-aged women (5). Moreover, women
with GDM have an increased risk for Type 2 diabetes mel-
litus, cardiovascular disease, and metabolic syndrome
years after pregnancy. Abnormal lipid profile, more than
it was reported in normal pregnancy, has been reported in
pregnancies exposed to gestational diabetes (6).

However, these findings are generally inconsistent (7-
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9). In addition, it may be possible that the results of these
studies only represent long-term investigation. Moreover,
it is not clear whether GDM is an independent predicator
of future metabolic outcomes (including hyperlipidemia)
or its relationship has been due to pre-pregnancy obesity
and/or future Type 2 diabetes, metabolic syndrome, or car-
diovascular morbidity (5, 10).

Usually women with GDM are not screened for dyslipi-
demia because absolute risk of dyslipidemia and cardio-
vascular disease is low in this age group (11). This issue
is one of the main causes of unclear association between
GDM and dyslipidemia.

Furthermore, short- and long-term metabolic out-
comes of GDM are unclear after applying the IADPSG as
a new criterion (12). Despite these findings, postpartum
screening for lipid abnormalities and other cardiovascular
risk factors has been neglected in women with gestational
diabetes (13). In addition, few studies focused on early post-
partum lipids profile, particularly in women with GDM.

Our study aimed at determining the rate of early dys-
lipidemia at 6 to 12 weeks postpartum. Moreover, the con-
tributing risk factors and potential differences with peers
in the control group were assessed according to IADPSG cri-
teria.

2. Objectives

In this study, we aimed at determining the levels of to-
tal cholesterol, triglycerides LDL-C, HDL-C, and VLDL-C at
6 to 12 weeks postpartum in women with gestational di-
abetes compared with these components in women with
normal glucose status during recent pregnancy and iden-
tifying potential risk factors of dyslipidemia in the 2 stud-
ied groups.

3. Methods

3.1. Study Design and Setting

Life after gestational diabetes, Ahvaz study (LAGAs),
is an ongoing population-based cohort study that inves-
tigates potential metabolic outcomes of gestational dia-
betes mellitus in mothers and their offspring, compares
them with those of the healthy population during preg-
nancy, 6 to 12 weeks postpartum, and follows the partici-
pants for 2 years after delivery. We established the first ges-
tational diabetes clinic in Khuzestan province specifically
for this project in Golestan teaching hospital in Ahvaz in
October 2013. Ahvaz the capital of Khuzestan (Southwest of
Iran), where the study is currently in progress, has a high
birth rate, high prevalence of obesity, metabolic syndrome,

and dyslipidemia in the general population (14-16). More-
over, a high incidence of GDM was recently reported in this
area using IADPSG criteria (29.9%) (17).

3.2. Study Population and Biochemical Assessment During
Pregnancy

The study started from March 2015. Pregnant women
attending to 25 urban public and private centers seek-
ing prenatal care were recruited and underwent initial
assessment using fasting plasma glucose (FPG) in the
first trimester. These centers applied single approach for
screening, treatment, and management of GDM. Screen-
ing oral glucose tolerance test (OGTT) was performed at 24
to 28 weeks of gestation for those women with normal re-
sults.

A list of women with GDM and their peers in the con-
trol group, with details of contact information, was sent to
the research team by 25 prenatal care centers, and eligible
women were referred to Golestan hospital (the cohort cen-
ter) if they agreed to participate in the study. Various meth-
ods of communication including direct contact by phone,
SMS texts via phone line, or social networks were used to
encourage women to participate and return for postpar-
tum follow-up.

3.2.1. Inclusion Criteria

-Women with GDM in first trimester diagnosed by FPG
-Women with GDM in second or third trimester diag-

nosed by 75-g OGTT
-Availability of clinical and medical records or health

profile for pre-pregnancy details

3.2.2. Exclusion Criteria

-Pre-gestational diabetes Type 1 or Type 2 (10 cases)
-Women with FPG ≥ 126 mg/dL at initial assessment in

first trimester (22 cases)
-Planning to move from Ahvaz within the subsequent 2

years
-Women who refused to continue at any stage of the

study
Sample size was calculated considering metabolic out-

comes by comparing the 2 proportions formulas with a
power of 80% and 95% confidence interval (Equation 1).

(1)n =
(
Z1−α/2 + Z1−β

)2
[P1 (1− P1)

+ P2 (1− P2)] /(P1 − P2)
2

Primary outcome was postpartum glucose intoler-
ance, withα= 0.05,β = 0.2, P1= 0.1 (cumulative incidence of
diabetes 2 years after delivery in women with gestational
diabetes) (18), P2 = 0.01(expected incidence of diabetes in
Iranian healthy women in the same age group) (19), and
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primary sample size was calculated (143 women in each
group). We predicted 30% patient attrition during 2 years
follow-up, therefore, 410 women (205 participants in each
group) was need.

Sequential sampling was conducted. All eligible
women with gestational diabetes diagnosed by IADPSG cri-
teria in 25 centers were selected as exposed group and in-
vited to participate in the study. From March 2015 to Febru-
ary 2016, of 800 women who were diagnosed as GDM, 176
women (22%) returned at 6 to 12 weeks postpartum (Flow-
chart 1). Recruitment will be continued until reaching
the required sample size. We randomly selected pregnant
women in control group in the same sittings in the same
age group.

We used interviewer-administered questionnaires to
collect the data related to socio-demographic character-
istics, medical and obstetric history, potential risk fac-
tors of GDM and dyslipidemia, and details of gesta-
tional diabetes management during pregnancy. Inter-
viewers held by bachelors of public health and recorded
pregnancy-related data at the prenatal care centers and
measured anthropometrics characteristics under supervi-
sion of trained researchers.

Pre-pregnancy body weight was recorded using medi-
cal and health profile. Anthropometric measurements in-
cluding weight, height, waist circumference, blood pres-
sure, and hip circumference were measured at baseline
visit during pregnancy. Weight and blood pressure mea-
surements were repeated at each pregnancy visit.

3.3. Definition of Gestational Diabetes Mellitus and Dyslipi-
demia

We used international association of diabetes and
pregnancy study groups (IADPSG) criteria for diagnosis of
gestational diabetes; only one abnormal value was consid-
ered as GDM either≥ 92 mg/dL for fasting glucose or≥ 180
mg/dL for 1-hour plasma glucose after drinking 75-gr glu-
cose or ≥ 153 mg/dL for 2-hour plasma glucose level.

Dyslipidemia was defined as having at least one lipid
abnormality inclusive of total cholesterol ≥ 200 mg/dL,
triglyceride ≥ 150 mg/dL, LDL-cholesterol ≥ 130 mg/dL,
or HDL-cholesterol < 50 mg/dL in accordance with adult
treatment panel (ATP III) criteria.

3.4. Postpartum Data Collection

Short forms related to feto-maternal outcomes and de-
tails of delivery were filled out during 3 to 5 days postpar-
tum at 2 main centers to screen neonatal hypothyroidism.
Other postpartum questionnaires were completed by a
member of the research team at our cohort center 6 to 12
weeks postpartum (between fasting sampling and 2 hours

after drinking 75 -gr glucose). Physical activity and food
habits of participants and potential postpartum problems
among mothers or their infants were recorded. A second
comprehensive questionnaire will be completed within 2
years postpartum based on our study protocol (6 months,
1 year, and 2 years postpartum).

3.5. Postpartum Biochemical and Clinical Assessment

From March to February 2016, during the first 11
months of the study, 176 women with gestational diabetes
and 86 healthy mothers underwent FPG, 75-g 2-hour oral
glucose tolerance, and fasting lipids tests (including to-
tal cholesterol, triglycerides, LDL- cholesterol, HDL- choles-
terol, and VLDL-cholesterol ) at 6 to 12 weeks after delivery.
These tests will be repeated annually for up to 2 years post-
partum. Blood samples were taken after at least 10 hours
overnight fasting by 2 expert nurses and transported to
laboratory of diabetes research center, where blood tests
were performed by 2 expert technicians who were not
aware of the study objectives.

Blood serum was used to measure the following tests:
FBS, total Cholesterol, triglyceride, and HDL-C (by Pars
Azmoon Inc., Iran by BT3000 autoanalizer). LDL was
calculated by the Friedewald formula (LDL-cholesterol =
total cholesterol-HDL-cholesterol-triglyceride/5 mg/dl) if
triglyceride level was 400 mg/dL or lower. LDL- cholesterol
was only measured chemically when triglyceride level was
more than 400 mg/dL (20).

Blood pressure was taken by mechanical sphygmo-
manometer after at least 5 minutes rest, and measure-
ments were repeated 30 minutes later. Having a systolic
blood pressure ≥ 140 mm Hg or diastolic blood pressure
≥ 90 mm Hg, or use of antihypertensive drug was defined
as hypertension. Weight, waist circumference, blood pres-
sure, and hip circumference were measured at 6 to 12 weeks
postpartum and will be repeated during the 2 years follow-
up. Body mass index (BMI) was calculated, and BMI lower
than 25 (kg/m2), 25 - 29.9 (kg/m2) and≥ 30 (kg/m2) was con-
sidered as normal, overweight, and obesity, respectively.

Waist circumference was measured at the midpoint be-
tween the lowest rib and the upper lateral border of the
right iliac crest and hip circumference at the point of max-
imum hip diameter using a standard measuring tape.

3.5.1. Quality Control

Quality control procedure included the following
steps: pilot study, standardizing the questionnaires and
check lists using Delphi method, exact selection of exposed
and control groups, training the questioners and bach-
elors for physical exam, anthropometric measurements
and blood sampling based on standard methods, atten-
dance of at least one of the research team members in all
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process of postpartum follow-up in the cohort center, re-
peat 10% to 15% of normal biochemical tests and dupli-
cate all abnormal values, continue monitoring next visit
of mothers and sending a reminder if mothers did not re-
turn in the specified date. All the scales for anthropomet-
ric measurements were calibrated every day. The interview
was repeated for 10% of participants during 40 days after
the first visit (Kappa statistics = 0.74).

Laboratory tests were performed using standardized
automatic devices in the laboratory of Ahvaz Jundishapur
diabetes research center. Technical error of measurement
(TEM) was estimated for the observer teams with an an-
thropometry expert and found to have acceptable bias.

3.6. Statistical Analysis

All analyses were conducted using statistical package
for the social sciences (SPSS Version 22). Independent sam-
ple t- tests, χ2 and Fisher’s exact test analysis were per-
formed. Univariate and backward multivariate logistic re-
gression were used to assess predictors of early postpar-
tum lipids abnormality. Variables with significant level of
0.2 or less were tested in multivariate analysis. P values of
< 0.05 were considered statistically significant.

3.7. Ethical Consideration

Ahvaz Jundishapur University of Medical Sciences eth-
ical committee approved the study protocol (ethic code:
IR.AJUMS.REC.1394.252). Written informed consent as ob-
tained from each participant. Participation of women in
the present study was voluntary and aims of the study were
described to all the participants. All procedures were con-
ducted with careful security considerations. Clinical eval-
uation and blood tests were free of charge and a copy of
their laboratory reports was submitted to the patients for
future reference.

4. Results

4.1. Descriptive Characteristics

In this study, 262 women aged 17 to 45 years under-
went a postpartum OGTT and completed lipid tests (176
women with gestational diabetes and 86 cases with nor-
mal glycaemia in pregnancy) at 6 to 12 weeks after delivery.
Demographic, clinical, and biochemical characteristics of
women with or without gestational diabetes are presented
in Table 1. Most participants (92.4%) were homemakers.
Prevalence of overweight and obesity was 40.5% (41.5% in
women with GDM and 38.4% in controls) and 26.7% (30.1%
in women with GDM and 19.8% in controls), respectively.
The overall prevalence of dyslipidemia was 73.7% (55.8%
in women with normal pre pregnancy BMI and 82.4% in

women who were overweight or obese). TC/ HDL-C≥ 4 was
observed in 29% of women. Most common forms of dys-
lipidemia in the 2 groups were raised total cholesterol (T-C
≥ 200) and HDL-C < 50. Women with gestational diabetes
had higher total cholesterol, triglyceride, LDL-C, and VLDL-
C compared to controls (P < 0.05) (Table 1).

4.2. Lipid Profile in Women with GDM

Of women with GDM, 25.5% had total cholesterol of
200 to 239 mg/dL (14% in women who had normal pre-
gestational BMI, and 31.2% in overweight or obese women),
and 12.5% had total cholesterol of 240 or more (8% in
women with normal BMI range, 14.3% in women with BMI
≥ 25). LDL-C equal or more than 160 mg/dL was observed in
8% of women with GDM (only one case in women with nor-
mal BMI); 38.1% of women had 2 or more abnormal com-
ponents in their lipid profile. More details of postpartum
dyslipidemia in women with and without gestational dia-
betes are presented in Table 2.

4.3. Lipid Profile in Women Without GDM

In 24.4% (21/86) of non- GDM women, total cholesterol
was 200 to 239 mg/dL (22.2% in women with normal pre-
pregnancy BMI and 26% in women who had BMI ≥ 25).
None of the women who were in healthy group had total
cholesterol of 240 mg/dL or more; 26.8% of controls had
2 or more abnormal values in their lipid profile (7% more
than 2 abnormal components). LDL-C ≥ 160 was observed
in 2 women in the control group.

4.4. Univariate and Multivariate Analysis

Prevalence of dyslipidemia based on potential risk fac-
tors is presented in Table 3. Details of postpartum dyslipi-
demia in women with normal BMI or BM≥ 25 kg/m2, with
and without gestational diabetes are presented in Table 4.

Pre- pregnancy BMI ≥ 25 and history of GDM in first
relatives (mother or sister) were associated risk factors for
dyslipidemia in women with gestational diabetes after ad-
justment of significant risk factors in univariate regression
analysis (Table 5). In multivariate analysis, only BMI ≥ 25
in healthy group remained as an independent risk factor
for dyslipidemia 6 to 12 weeks Postpartum (Table 5).

5. Discussion

Lipid metabolism changes during pregnancy and fol-
lowing pregnancy abnormal lipid profile may remain for
years. Based on our results, prevalence of dyslipidemia
was high at 6 to 12 weeks postpartum (73.7%). Raised
cholesterols (total cholesterol, LDL-cholesterol), high level
of triglyceride, and low HDL-cholesterol were prevalent
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956 Pregnant women identified with abnormal FPG In first trimester  

Exclusion criteria: 

- Known cases of pre gestational diabetes(n = 12) 
 

- Not interested in first visit (n = 40) 

882 Women accept to participate in first visit of pregnancy and 3-5 

days postpartum  

Excluded

Incomplete pre-pregnancy data (32)  

Unavailable communication data (30) 

Changing address or city of residence (20)

800 Women with GDM meet eligible criteria

176 Women with GDM returned 6-12 weeks 

postpartum for follow-up and underwent 

biochemical and clinical assessment 

- Women with FPG ≥ 126 mg/dl at initial assessment ( n = 22)

Figure 1. Flowchart of the Participants in the Cohort Study

in both women with and without gestational diabetes.
Women with gestational diabetes had significantly higher
total cholesterol, glyceride, LDL-C and VLDL-C compared
to controls. Rate of postpartum elevated total cholesterol
(≥ 200 mg/dL) was higher in women with GDM (37.5%
versus 22.4% in controls) (P = 0.03) (Table 2). Overweight
and obesity (BMI ≥ 25) were common risk factors asso-
ciated with postpartum dyslipidemia in both women ex-
posed to GDM and their peers in the control group (Table
5). Raised total cholesterol (≥ 200 mg/dL) and low HDL - C
(< 50 mg/dL) were 2 most common forms of dyslipidemia
in both groups (GDM and controls) (Table 2). In women
with GDM, positive history of gestational diabetes among

first-degree relatives (mother or sisters) was found to be
another significant risk factor associated with lipid abnor-
malities (Table 5).

5.1. Postpartum Lipids Changes in Short and Long-Term Follow-
up

Consistent with our results, high rate of lipid ab-
normalities and long-term alteration of lipid profile af-
ter pregnancy were reported by Potter and Nestel (21).
They found that elevated total cholesterol in pregnancy
returned to near pre- pregnancy level at 52 weeks post-
partum. Darmody and Postle also observed normal val-
ues for total cholesterol at 40 weeks postpartum (22). Van
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Table 1. Demographic, Clinical and Biochemical Characteristics of Women with or Without Gestational Diabetes

Characteristics Total (N = 262), Mean ± SD GDM Group (N = 176), Mean ± SD Control Group (N = 86), Mean ± SD P Valuea

Age (years) 29.52 ± 5.32 29.68 ± 5.25 29.19 ± 5.49 0.49

Weight before pregnancy 70.17 ± 12.19 71.51 ± 12.10 67.44 ± 11.97 0.01

Weight in last month of pregnancy 81.27 ± 12.92 82.33 ± 12.92 79.10 ± 12.72 0.05

Pre-pregnancy BMI (kg/m2) 27.21 ± 4.49 27.82 ± 4.41 25.98 ± 4.41 0.002

Systolic BP pregnancy 112.88 ± 17.93 114.11 ± 20.26 111.39 ± 11.79 0.21

Diastolic BP pregnancy 68.53 ± 11.93 69.28 ± 12.38 66.97 ± 10.85 0.14

Triglyceride(mg/dL) 108.24 ± 24.91 115.64 ± 73.74 93.09 ± 53.84 0.01

Total cholesterol (mg/dL) 185.91 ± 43.76 191.81 ± 47.48 172.84 ± 31.90 0.002

HDL-C (mg/dL) 51.24 ± 10.13 51.77 ± 9.76 50.13 ± 10.83 0.22

LDL-C (mg/dL) 111.20 ± 30.28 114.62 ± 30.94 104.18 ± 28.10 0.009

VLDL (mg/dl) 21.20 ± 11.76 22.53 ± 12.03 18.51 ± 10.74 0.009

TC/ HDL-C 3.69 ± 0.83 3.76 ± 0.85 3.56 ± 0.76 0.07

Mother education, N (%) 0.27

< High school 83 (31.7) 54 (30.7) 29 (33.7)

High school 112 (42.7) 81 (46.0) 31 (36.0)

Collage 67 (25.6) 41 (23.3) 26 (30.2)

Ethnicity, N (%) 0.16

Fars 85 932.4) 63 (35.8) 22 (25.6)

Lor 56 (21.4) 33(18.8) 23 (26.7)

Arab 121 (46.2) 80 (45.5) 41 (47.7)

Gravidity, N (%) 0.89

1 71 (27.1) 49 (27.8) 22 (25.6)

2 89 (34.0) 57(32.4) 32 (37.2)

3 58 (22.1) 40 (22.7) 18 (20.9)

≥ 4 44 (16.8) 30 (17.0) 14 (16.3)

Cesarean delivery, N (%) 152 (58) 100 (56.8) 52 (60.5) 0.57

Pre-gestational overweight or obesity,
N (%)

176 (67.2) 126 (71.6) 50 (58.1) 0.02

History of family DM, N (%) 132 (50.4) 98 (55.7) 34 (32.5) 0.01

History GDM in first relativesb , N (%) 85 (41.3) 64 (46.7)c 21 (30.4)c 0.02

Breast feeding, N (%) 199 (76.0) 131 (74.4) 68 (79.1) 0.40

Abbreviations: BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; VLDL-C, very low density lipoprotein cholesterol; TC/ HDL-C, total cholesterol high density lipoprotein cholesterol; DM, diabetes mellitus; GDM, gestational
diabetes mellitus.
aUsing t-test or chi square test.
bGDM in mother or sister.
c56 missing cases (unknown history of GDM in family, 39 cases in GDM group, and 15 cases in controls).

Stiphout et al. showed higher total cholesterol and lower
HDL-C in women who had at least one pregnancy com-
pared with nuligravida women (23). Similar to our find-
ings, Jimes et al. reported persistent abnormal cholesterol
40 days postpartum. Recently, Prairie et al. showed high to-

tal cholesterol and LDL-C levels in women with depression
at 1 to 14 weeks postpartum (24). In another report, HDL-C
decreased to pre- pregnancy level during 10 years after the
first pregnancy (25).
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Table 2. Comparison of Dyslipidemia and its Components in Women with and Without Gestational Diabetes

Variable Total (N = 262), N (%) GDM Group (N = 176), N (%) Control Group (N = 86), N (%) P Value

TC ≥ 200 (mg/dL) 87 (33.2) 66 (37.5) 21 (24.4) 0.03

Triglisiride ≥ 150 (mg/dL) 51 (19.5) 39 (22.2) 12 (14.0) 0.11

HDL-C < 50 (mg/dL) 125 (47.7) 77 (43.8) 44 (55.8) 0.06

LDL-C ≥ 130 (mg/dL) 66 (25.2) 49 (27.8) 17 (19.8) 0.15

TC/HDL ≥ 4 79 (29.0) 53 (30.1) 23 (26.7) 0.57

Dyslipidemia*** 193 (73.7) 129 (73.3) 64 (74.4) 0.84

Table 3. Distribution of Potential Risk Factors of Dyslipidemia in Women With and Without Gestational Diabetes

Variable Dyslipidemiaa P Valueb Dyslipidemiaa P Valueb

GDM Group, N (%) Non-GDM Group, N (%)

Mother ethnicity 0.18 0.74

Fars 43 (68.3) 6 (72.7)

Lor 22 (66.7) 16 (69.6)

Arab 64 (80.0) 32 (78.0)

Gravidity 0.04 0.35

1 - 2 72 (67.9) 42 (77.8)

> 2 57( 81.4) 22 (68.8)

Mother education 0.04 0.06

< High school 41 (75.9) 22 (75.9)

High school 64 (79) 19 (61.3)

Collage 24 (58.5) 23 (88.5)

Kind delivery 0.91 0.03

Vaginal 56 (73.7) 21 (61.8)

Cesarean 73 (73.0) 43 (82.7)

Pre-pregnancy BMI 0.001 0.001

Normal 28 (56.0) 20 (55.6)

Overweight or obesity 101 (80.2) 44 (88.0)

History GDM in first relatives 0.01 0.93

Yes 54 (84.4) 37 (77.1)

No 48 (65.8) 16 (76.2)

Previous GDMc 0.70 0.32

Yes 20 (76.9) 6 (100.0)

No 74 (73.3) 43 (75.4)

Breast feeding 93 (71%) 0.23 52 (76.5) 0.39

Formula or combined 36 (80.0) 12 (66.7)

aAt least one abnormal lipids inclusive of cholesterol ≥ 200 mg/dL, triglyceride ≥ 150 mg/dL, LDL-cholesterol ≥ 130 mg/dL, or HDL-cholesterol < 50 mg/dL.
bP value calculated by Chi square test.
cIn multiparous women.
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Table 4. Details of Postpartum Dyslipidemia in Women With Normal BMI or BM ≥ 25 kg/m2 , With and Without Gestational Diabetes

Variable GDM Group (N = 176) P Value Non-GDM Group(N = 86) P Value

Normal Weight Overweight or Obese Normal Weight Overweight or Obese

TC ≥ 200 (mg/dL) 11 (22.0) 55 (43.7) 0.007 8 (22.2) 13 (26.0) 0.68

Triglisiride ≥ 150 (mg/dL) 6 (12.0) 33 (26.2) 0.04 2 (5.6) 10 (20.0) 0.06a

HDL-C < 50 (mg/dL) 17 (34.0) 60 (47.6) 0.10 13 (36.1) 35 (70) 0.002

LDL-C ≥ 130 (mg/dL) 8 (16.0) 41 (32.5) 0.02 6 (16.7) 11 (22.0) 0.54

TC/HDL ≥ 4 5 (10.0) 48 (38.1) < 0.001 4 (11.1) 19 (38.0) 0.001

Dyslipidemiab 28 (56.0) 101 (80.2) 0.001 20 (55.6) 44 (88.0) 0.001

aFisher’s exact test.
bAt least one abnormal lipids inclusive of cholesterol ≥ 200 mg/dL, triglyceride ≥ 150 mg/dL, LDL-cholesterol ≥ 130 mg/dL, or HDL-cholesterol < 50 mg/dL.

Table 5. Independent Risk Factors for Early Postpartum Dyslipidemia (At Least One of Abnormal Components) in Women with and Without Gestational Diabetes Using Uni-
variate and Multivariate Logistic Regression Analysis

GDM Group

Variables Ba SEa Unadjusted ORs 95% CI P Value Bb SEb Adjusted ORsc 95% CI P Value

Mother ethnicity 0.30 0.19 1.36 0.93 - 1.97 0.10 0.27 0.24 1.31 0.81 - 2.10 0.26

Gravidity > 2 0.28 0.16 1.33 0.95 - 1.86 0.087 0.20 0.23 1.22 0.77 - 1.95 0.38

Mother education 0.40 0.23 0.66 0.41 - 1.05 0.080 0.08 0.32 0.91 0.48 - 1.72 0.78

History of family DM 0.60 0.34 1.83 0.93 - 3.59 0.078 9.37 0.50 0.96 0.36 - 2.57 0.94

Pre-pregnancy Overweight or obesity 0.65 0.23 1.93 1.21 - 3.06 0.005 0.88 0.28 2.42 1.38 - 4.24 0.002

BP systolic pregnancy 0.01 0.01 1.01 0.99 - 1.03 0.18 0.01 0.01 1.01 0.99 - 1.04 0.20

History GDM in first relativesd 1.03 0.42 2.81 1.22 - 6.45 0.015 1.06 0.44 2.91 1.23 - 6.88 0.015

Non GDM Group

Cesarean delivery 1.08 0.50 2.95 1.09 - 8.01 0.033 0.77 0.56 2.17 0.72 - 6.51 0.167

Systolic blood pressure pregnancy 0.06 0.02 1.06 1.008 - 1.12 0.025 0.05 0.03 1.05 0.99 - 1.12 0.068

Pre-gestational overweight or obesity 1.02 0.40 2.78 1.26 - 6.12 0.011 0.88 040 2.37 1.07 - 5.23 0.032

a Using univariate regression.
b Using multivariate regression.
c The model is adjusted for covariates with statistical P value less than 0.2 in the univariate regression analysis.
d History of GDM in mother or sister.

5.2. Comparison of Postpartum Lipids Levels in Women with
GDM and Controls

We observed significant differences in levels of lipid
components between women with gestational diabetes
and controls (Table 1). Consistent with our results, total
cholesterol level and triglycerides in women with history
of GDM were elevated in postpartum compared with con-
trols (7, 26, 27). Increased low-density lipoprotein (LDL)
was reported in Caucasian women 6 years after GDM preg-
nancy (28, 29), Retnakaran et al. reported significant differ-
ences in total cholesterol, LDL, triglycerides, total choles-
terol to HDL ratio with glucose status in pregnancy at 3
months postpartum in Canadian women (30). However,
Montelongo et al. found no significant difference between
exposed GDM women and controls during 3 years postpar-
tum (31). Higgins et al., similar to our results, reported
significant higher levels of total cholesterol, higher LDL-
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C, and triglycerides in women with GDM compared to
healthy women 6 weeks postpartum (32).

5.3. Comparison of Postpartum Dyslipidemia Rate and Its Com-
ponents in GDM and Controls

In our study, prevalence of dyslipidemia was 73.3% in
women with GDM in early postpartum weeks. High rate
of dyslipidemia in women with GDM in early postpartum
weeks has been reported in few previous studies. However,
our estimation was higher than what was reported in Ire-
land (52%) (32) and Canada (50%) (33).Use of different crite-
ria for definition of dyslipidemia (TC/HDL ≥ 4 in Edwards
et al. report on Canadian women and Australian recom-
mended standards in Australian study) may be one of the
reasons for observing such differences between our results
and that of the literature. High rate of dyslipidemia in our
report is consistent with previously reported rate among
urban middle-aged Iranians women (66.5%) (34); and this
rate was 85.1% among women older than 20 years in Ahvaz
using ATP III criteria (14).

Based on our finding, raised total cholesterol, raised
LDL-C, and raised triglyceride were identified in 37.5%, 27.8
% and 22.2% of women with gestational diabetes, respec-
tively. Higgins et al. in Ireland reported the following ab-
normal values: (T-C ≥ 200, LDL-C ≥ 130, triglisird ≥ 150)
44%, 33%, and 16%, respectively (32). Excess total cholesterol,
LDL-c, and triglyceride was detected in 54%, 50%, and 13% of
women with GDM 6 to 12 weeks postpartum, respectively,
using Australian recommended standards (35).

5.4. Comparison of Our Findings with the Existing Literature:
Similarities and Differences Findings

In the present study, in spite of higher level of lipid
components in women with gestational diabetes, there
was no significant differences in overall prevalence rate of
dyslipidemia (73.3% in women with gestational diabetes
compared to 74.4% in controls), and abnormal lipids com-
ponents (triglycerides ≥ 150, LDL-C ≥ 130, HDL < 50, and
TC/ HDLC ≥ 4 between 2 groups of women with GDM and
controls (Table 2). However, the rate of all components ex-
cept low HDL-C was higher in women with GDM (Table 1).

Results of some previous studies showed that women
with GDM are at significantly higher risk of dyslipidemia
after pregnancy compared to normoglycemic women dur-
ing pregnancy, but there is inconsistency in these findings
(7). Carr et al. found higher prevalence of dyslipidemia
(34% versus 26%) in women with the history of GDM (36).
Significantly higher total cholesterol (54.5% vs. 7%) at 6 to 12
weeks postpartum was reported by Quinlivan and Danielle
among Australian women with GDM compared with con-
trols. In this report, the control group included Australian
general population (35).

5.5. Impact of Pre-pregnancy Overweight and Obesity

In the present study, almost all types of lipid com-
ponent abnormalities were more prevalent in overweight
and obese women with or without GDM. Edwards et al.
found pre-pregnancy BMI (OR = 1.7) to be one of the inde-
pendent risk factors of dyslipidemia in women with gesta-
tional diabetes at 6 to 12 weeks postpartum follow-up (33).
Some previous studies reported similar or lower LDL-C in
none-obese women with GDM, while obese women with
GDM had higher level of this component compared with
controls. Obese GDM- exposed women had lower HDL-C,
while there were no significant differences between HDL-C
level in non-obese women with GDM and controls (7). Ele-
vated triglyceride in combination raised LDL- cholesterol,
and low HDL-C are types of dyslipidemia associated with
obesity. It seems these changes in obese women are related
to insulin resistance (37).

5.6. The Strength and Limitations

The relative small sample size of controls was one of
the limitations of this study. Continuing sampling in fu-
ture months may provide subgroup analysis. Unavailabil-
ity of recorded information on pre- pregnancy lipid profile
was another limitation of the study. Despite such limita-
tions, to the best of our knowledge, this study was the first
population-based prospective cohort study in Khuzestan
province to follow postpartum lipid profile in women with
and without gestational diabetes.

5.7. Conclusion

Our findings indicated that dyslipidemia was preva-
lent in glucose status during pregnancy in early postpar-
tum. Dyslipidemia screening and oral glucose test should
be done routinely for women with GDM and overweight or
obese women with or without gestational diabetes.

Acknowledgments

This manuscript was a part of a PHD thesis written
by Nouhjah, which was approved and granted by Ahvaz
Jundishapur University of Medical Sciences (registration
number: D-9405). We would like to thank all the study par-
ticipants. Our sincere appreciation goes to public health
students, health centers’ personnel, and diabetes research
center staff of Ahvaz Jundishapur University Medical Sci-
ences for their assistance in data collection.

Iran Red Crescent Med J. 2017; 19(6):e13097. 9

http://ircmj.com


Nouhjah S et al.

Footnotes

Conflicts of Interest: None.

Funding/Support: This manuscript was a part of a
PHD thesis written by Nouhjah, which was approved
and granted by Ahvaz Jundishapur University of Medi-
cal Sciences (registration number: D-9405, ethic code:
IR.AJUMS.REC.1394.252).

References

1. Lee MH, Kim HC, Ahn SV, Hur NW, Choi DP, Park CG, et al. Prevalence
of Dyslipidemia among Korean Adults: Korea National Health and
Nutrition Survey 1998-2005. Diabetes Metab J. 2012;36(1):43–55. doi:
10.4093/dmj.2012.36.1.43. [PubMed: 22363921].

2. Jimenez DM, Pocovi M, Ramon-Cajal J, Romero MA, Martinez H,
Grande F. Longitudinal study of plasma lipids and lipoprotein choles-
terol in normal pregnancy and puerperium. Gynecol Obstet Invest.
1988;25(3):158–64. [PubMed: 3391425].

3. Ghio A, Bertolotto A, Resi V, Volpe L, Di Cianni G. Triglyceride
metabolism in pregnancy. Adv Clin Chem. 2011;55:133–53. [PubMed:
22126027].

4. Jiwani A, Marseille E, Lohse N, Damm P, Hod M, Kahn JG. Gesta-
tional diabetes mellitus: results from a survey of country prevalence
and practices. J Matern Fetal Neonatal Med. 2012;25(6):600–10. doi:
10.3109/14767058.2011.587921. [PubMed: 21762003].

5. Gunderson EP, Chiang V, Pletcher MJ, Jacobs DR, Quesenberry CP,
Sidney S, et al. History of gestational diabetes mellitus and future
risk of atherosclerosis in mid-life: the Coronary Artery Risk Develop-
ment in Young Adults study. J Am Heart Assoc. 2014;3(2):000490. doi:
10.1161/JAHA.113.000490. [PubMed: 24622610].

6. Qiu C, Rudra C, Austin MA, Williams MA. Association of gestational di-
abetes mellitus and low-density lipoprotein (LDL) particle size. Physiol
Res. 2007;56(5):571–8. [PubMed: 17223732].

7. Jensen LA, Chik CL, Ryan EA. Review of gestational diabetes mel-
litus effects on vascular structure and function. Diab Vasc Dis Res.
2016;13(3):170–82. doi: 10.1177/1479164115624681. [PubMed: 26940821].

8. Herrera E, Ortega-Senovilla H. Disturbances in lipid metabolism
in diabetic pregnancy - Are these the cause of the problem?.
Best Pract Res Clin Endocrinol Metab. 2010;24(4):515–25. doi:
10.1016/j.beem.2010.05.006. [PubMed: 20832733].

9. Ryckman KK, Spracklen CN, Smith CJ, Robinson JG, Saftlas AF. Ma-
ternal lipid levels during pregnancy and gestational diabetes: a
systematic review and meta-analysis. BJOG. 2015;122(5):643–51. doi:
10.1111/1471-0528.13261. [PubMed: 25612005].

10. Burlina S, Dalfra MG, Chilelli NC, Lapolla A. Gestational Diabetes Mel-
litus and Future Cardiovascular Risk: An Update. Int J Endocrinol.
2016;2016:2070926. doi: 10.1155/2016/2070926. [PubMed: 27956897].

11. O’Higgins AC, O’Dwyer V, O’Connor C, Daly SF, Kinsley BT, Turner
MJ. Postpartum dyslipidaemia in women diagnosed with gestational
diabetes mellitus. Ir J Med Sci. 2016 doi: 10.1007/s11845-016-1474-y.
[PubMed: 27401735].

12. Cundy T, Ackermann E, Ryan EA. Gestational diabetes: new criteria
may triple the prevalence but effect on outcomes is unclear. BMJ.
2014;348:g1567. doi: 10.1136/bmj.g1567. [PubMed: 24618099].

13. Barrett HL, Dekker Nitert M, McIntyre HD, Callaway LK. Normalizing
metabolism in diabetic pregnancy: is it time to target lipids?. Diabetes
Care. 2014;37(5):1484–93. doi: 10.2337/dc13-1934. [PubMed: 24757231].

14. Latifi SM, Moradi L, Shahbazian H, Aleali AM. A study of the preva-
lence of dyslipidemia among the adult population of Ahvaz, Iran.
Diabetes Metab Syndr. 2016;10(4):190–3. doi: 10.1016/j.dsx.2016.06.003.
[PubMed: 27377682].

15. Latifi SM, Karandish M, Shahbazian H, Hardani Pasand L. Incidence of
prediabetes and type 2 diabetes among people aged over 20 years in
ahvaz: A 5-year perspective study (2009-2014). J Diabet Res. 2016.

16. Shahbazian H, Latifi SM, Nouhjah S. Cut-off point of waist circum-
ference used for the diagnosis of metabolic syndrome among adult
population in Ahvaz, Southwestern Iran. Jentashapir J Health Res.
2015;6(4).

17. Shahbazian H, Nouhjah S, Shahbazian N, Jahanfar S, Latifi SM, Aleali A,
et al. Gestational diabetes mellitus in an Iranian pregnant population
using IADPSG criteria: Incidence, contributing factors and outcomes.
Diabetes Metab Syndr. 2016;10(4):242–6. doi: 10.1016/j.dsx.2016.06.019.
[PubMed: 27350363].

18. Gunderson EP, Matias SL, Hurston SR, Dewey KG, Ferrara A, Quesen-
berry CJ, et al. Study of Women, Infant Feeding, and Type 2 dia-
betes mellitus after GDM pregnancy (SWIFT), a prospective cohort
study: methodology and design. BMC Public Health. 2011;11:952. doi:
10.1186/1471-2458-11-952. [PubMed: 22196129].

19. Derakhshan A, Sardarinia M, Khalili D, Momenan AA, Azizi F, Hadaegh
F. Sex specific incidence rates of type 2 diabetes and its risk fac-
tors over 9 years of follow-up: Tehran Lipid and Glucose Study. PLoS
One. 2014;9(7):102563. doi: 10.1371/journal.pone.0102563. [PubMed:
25029368].

20. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concen-
tration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem. 1972;18(6):499–502.
[PubMed: 4337382].

21. Potter JM, Nestel PJ. The hyperlipidemia of pregnancy in normal
and complicated pregnancies. Am J Obstet Gynecol. 1979;133(2):165–70.
[PubMed: 217273].

22. Darmady J, Postle A. Lipid metabolism in pregnancy. Inter J Obstetrics
Gynaecol. 1982;89(3):211–5. doi: 10.1111/j.1471-0528.1982.tb03616.x.

23. van Stiphout WA, Hofman A, de Bruijn AM. Serum lipids in young
women before, during, and after pregnancy. Am J Epidemiol.
1987;126(5):922–8. [PubMed: 3661539].

24. Prairie BA, Wisniewski SR, Luther JF, Sit D, Wisner KL. Postpartum lipid
levels in women with major depression. J Womens Health (Larchmt).
2012;21(5):534–8. doi: 10.1089/jwh.2011.3256. [PubMed: 22283499].

25. Gunderson EP, Lewis CE, Murtaugh MA, Quesenberry CP, Smith
West D, Sidney S. Long-term plasma lipid changes associated with a
first birth: the Coronary Artery Risk Development in Young Adults
study. Am J Epidemiol. 2004;159(11):1028–39. doi: 10.1093/aje/kwh146.
[PubMed: 15155287].

26. Banerjee M, Anderson SG, Malik RA, Austin CE, Cruickshank JK. Small
artery function 2 years postpartum in women with altered gly-
caemic distributions in their preceding pregnancy. Clin Sci (Lond).
2012;122(2):53–61. doi: 10.1042/CS20110033. [PubMed: 21745185].

27. Fakhrzadeh H, Alatab S, Sharifi F, Mirarefein M, Badamchizadeh Z,
Ghaderpanahi M, et al. Carotid intima media thickness, brachial
flow mediated dilation and previous history of gestational diabetes
mellitus. J Obstet Gynaecol Res. 2012;38(8):1057–63. doi: 10.1111/j.1447-
0756.2011.01829.x. [PubMed: 22568764].

28. Verma A, Boney CM, Tucker R, Vohr BR. Insulin resistance syndrome
in women with prior history of gestational diabetes mellitus. J
Clin Endocrinol Metab. 2002;87(7):3227–35. doi: 10.1210/jcem.87.7.8684.
[PubMed: 12107230].

29. Meyers-Seifer CH, Vohr BR. Lipid levels in former gestational diabetic
mothers. Diabetes Care. 1996;19(12):1351–6. [PubMed: 8941463].

30. Retnakaran R, Qi Y, Connelly PW, Sermer M, Hanley AJ, Zinman B.
The graded relationship between glucose tolerance status in preg-
nancy and postpartum levels of low-density-lipoprotein cholesterol
and apolipoprotein B in young women: implications for future car-
diovascular risk. J Clin Endocrinol Metab. 2010;95(9):4345–53. doi:
10.1210/jc.2010-0361. [PubMed: 20631030].

31. Montelongo A, Lasuncion MA, Pallardo LF, Herrera E. Longitudinal
study of plasma lipoproteins and hormones during pregnancy in
normal and diabetic women. Diabetes. 1992;41(12):1651–9. [PubMed:
1446807].

10 Iran Red Crescent Med J. 2017; 19(6):e13097.

http://dx.doi.org/10.4093/dmj.2012.36.1.43
http://www.ncbi.nlm.nih.gov/pubmed/22363921
http://www.ncbi.nlm.nih.gov/pubmed/3391425
http://www.ncbi.nlm.nih.gov/pubmed/22126027
http://dx.doi.org/10.3109/14767058.2011.587921
http://www.ncbi.nlm.nih.gov/pubmed/21762003
http://dx.doi.org/10.1161/JAHA.113.000490
http://www.ncbi.nlm.nih.gov/pubmed/24622610
http://www.ncbi.nlm.nih.gov/pubmed/17223732
http://dx.doi.org/10.1177/1479164115624681
http://www.ncbi.nlm.nih.gov/pubmed/26940821
http://dx.doi.org/10.1016/j.beem.2010.05.006
http://www.ncbi.nlm.nih.gov/pubmed/20832733
http://dx.doi.org/10.1111/1471-0528.13261
http://www.ncbi.nlm.nih.gov/pubmed/25612005
http://dx.doi.org/10.1155/2016/2070926
http://www.ncbi.nlm.nih.gov/pubmed/27956897
http://dx.doi.org/10.1007/s11845-016-1474-y
http://www.ncbi.nlm.nih.gov/pubmed/27401735
http://dx.doi.org/10.1136/bmj.g1567
http://www.ncbi.nlm.nih.gov/pubmed/24618099
http://dx.doi.org/10.2337/dc13-1934
http://www.ncbi.nlm.nih.gov/pubmed/24757231
http://dx.doi.org/10.1016/j.dsx.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/27377682
http://dx.doi.org/10.1016/j.dsx.2016.06.019
http://www.ncbi.nlm.nih.gov/pubmed/27350363
http://dx.doi.org/10.1186/1471-2458-11-952
http://www.ncbi.nlm.nih.gov/pubmed/22196129
http://dx.doi.org/10.1371/journal.pone.0102563
http://www.ncbi.nlm.nih.gov/pubmed/25029368
http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://www.ncbi.nlm.nih.gov/pubmed/217273
http://dx.doi.org/10.1111/j.1471-0528.1982.tb03616.x
http://www.ncbi.nlm.nih.gov/pubmed/3661539
http://dx.doi.org/10.1089/jwh.2011.3256
http://www.ncbi.nlm.nih.gov/pubmed/22283499
http://dx.doi.org/10.1093/aje/kwh146
http://www.ncbi.nlm.nih.gov/pubmed/15155287
http://dx.doi.org/10.1042/CS20110033
http://www.ncbi.nlm.nih.gov/pubmed/21745185
http://dx.doi.org/10.1111/j.1447-0756.2011.01829.x
http://dx.doi.org/10.1111/j.1447-0756.2011.01829.x
http://www.ncbi.nlm.nih.gov/pubmed/22568764
http://dx.doi.org/10.1210/jcem.87.7.8684
http://www.ncbi.nlm.nih.gov/pubmed/12107230
http://www.ncbi.nlm.nih.gov/pubmed/8941463
http://dx.doi.org/10.1210/jc.2010-0361
http://www.ncbi.nlm.nih.gov/pubmed/20631030
http://www.ncbi.nlm.nih.gov/pubmed/1446807
http://ircmj.com


Nouhjah S et al.

32. O’Higgins A, O’Dwyer V, O’Connor C, Daly SF, Kinsley BT, Turner MJ.
Postpartum dyslipidaemia in women diagnosed with gestational di-
abetes mellitus. Irish J Med Sci. 2016:1–5.

33. Edwards M, Meltzer S, Rahme E, Dasgupta K. Predictors of postpartum
lipid abnormalities in women with gestational diabetes. Canadian J
Diabet. 2012;36(6):305–9.

34. Ebrahimi H, Emamian MH, Hashemi H, Fotouhi A. Dyslipidemia
and its risk factors among urban middle-aged Iranians: A
population-based study. Diabetes Metab Syndr. 2016;10(3):149–56.

doi: 10.1016/j.dsx.2016.01.009. [PubMed: 27033172].
35. Quinlivan JA, Danielle L. Cholesterol abnormalities are common in

women with prior gestational diabetes. J Diabet Metabol. 2013.
36. Carr DB, Utzschneider KM, Hull RL, Tong J, Wallace TM, Kodama K, et al.

Gestational diabetes mellitus increases the risk of cardiovascular dis-
ease in women with a family history of type 2 diabetes. Diabetes Care.
2006;29(9):2078–83. doi: 10.2337/dc05-2482. [PubMed: 16936156].

37. Howard BV, Ruotolo G, Robbins DC. Obesity and dyslipidemia. En-
docrinology and metabolism clinics of North America. 2003;32(4):855–67.

Iran Red Crescent Med J. 2017; 19(6):e13097. 11

http://dx.doi.org/10.1016/j.dsx.2016.01.009
http://www.ncbi.nlm.nih.gov/pubmed/27033172
http://dx.doi.org/10.2337/dc05-2482
http://www.ncbi.nlm.nih.gov/pubmed/16936156
http://ircmj.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Design and Setting
	3.2. Study Population and Biochemical Assessment During Pregnancy
	3.2.1. Inclusion Criteria
	3.2.2. Exclusion Criteria

	3.3. Definition of Gestational Diabetes Mellitus and Dyslipidemia
	3.4. Postpartum Data Collection
	3.5. Postpartum Biochemical and Clinical Assessment
	3.5.1. Quality Control

	3.6. Statistical Analysis
	3.7. Ethical Consideration
	Figure 1


	4. Results
	4.1. Descriptive Characteristics
	Table 1

	4.2. Lipid Profile in Women with GDM
	Table 2

	4.3. Lipid Profile in Women Without GDM
	4.4. Univariate and Multivariate Analysis
	Table 3
	Table 4
	Table 5


	5. Discussion
	5.1. Postpartum Lipids Changes in Short and Long-Term Follow-up
	5.2. Comparison of Postpartum Lipids Levels in Women with GDM and Controls
	5.3. Comparison of Postpartum Dyslipidemia Rate and Its Components in GDM and Controls
	5.4. Comparison of Our Findings with the Existing Literature: Similarities and Differences Findings
	5.5. Impact of Pre-pregnancy Overweight and Obesity
	5.6. The Strength and Limitations
	5.7. Conclusion

	Acknowledgments
	Footnotes
	Conflicts of Interest
	Funding/Support

	References

