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Abstract: Problem statement: The purpose of this study was to evaluate the role of resistin and
Tumor Necrosis Factor-α (TNF-α) in insulin resistance during pregnancy. Approach: Serum resistin
and TNF-α concentrations were measured by ELISA in 86 healthy pregnant women (26, 23 and 37
of them in the 1st, 2nd and 3rd trimesters, respectively) and in 21 healthy non pregnant women in a
cross sectional study. Results: Resistin concentration was significantly higher in the third trimester
(9.5±3.3 ng mL−1) as compared with non pregnant women (7±3.3 ng mL−1). Serum TNF-α level were
also significantly increase in pregnant women (2.6±1.9 pg mL−1) as compared with maternal healthy
controls (0.8 ±0.7 pg mL−1). There were significant correlation between gestational age and BMI
(r = 0.28, p = 0.01), resistin (r = 0.36, p = 0.002) and TNF-α (r = -0.44, p<0.0001). There was not
significant correlation between gestational age and Insulin Resistance (IR). We also did not found
correlation between IR and resistin as well as between IR and TNF-α in pregnant women.
Conclusion: TNF-α and resistin do not appear to contribute greatly to pregnancy induced insulin
resistance in healthy pregnancy.
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INTRODUCTION

normal and diabetogenic pregnant women (Pereira et al.,
2006; Xue-Lian et al., 2008; Kirwan et al., 2002).
Resistin is another protein identified recently as a
hormone secreted by adipocytes which has a
controversial history regarding its role in the
pathogenesis of obesity-mediated insulin resistance and
type 2 diabetes (Lu et al., 2006; Hasegawa et al., 2005;
Hivert et al., 2008). Insulin sensivity changes from an
enhanced state during early pregnancy to an insulin
resistant state in late pregnancy (Kirwan et al., 2002;
Leturque et al., 1984; Stanley et al., 1998). Therefore it
is inspected, subsequent to increase in IR during
pregnancy, its related factors change, too. However, at
the time of our study a few researches have been done
about changes in serum resistin and TNF-α level
during different trimesters of normal pregnancy and
their relationships to insulin resistance. Therefore, the
aim of this study was to examine whether serum TNFα and resistin concentration change during normal
pregnancy and, if so, to relate those changes
corresponding alterations in insulin resistance and
BMI.

Pregnancy is related to glucose metabolism
disorders and insulin resistance (Hadden and
McLaughlin, 2009; Johnson, 2008; Stanley et al.,
1998). Insulin resistance may facilitate supply of
appropriate nutrients particularly of glucose to fetus for
fetal growth and metabolism. The mechanism
responsible for insulin resistance has not been clearly
stated. Recent researches have been shown adipokinins
include leptin (McLachlan et al., 2006) resistin (Lu et al.,
2006; Caja et al., 2005) IL-6 (Senn et al., 2002) and
TNF-α (Zinman et al., 1999; Kirwan et al., 2002;
Melczer, 2002; Gwozdziewiczová et al., 2004) play an
important role in insulin resistance. TNF-α is one of the
most widely studied cytokinins produce by adipose
tissue. This cytokinin is also secret by placenta (ZavalzaGómez et al., 2008; Chen et al., 1991). TNf-α has an
important role in obesity-induced insulin resistance and
diabetes (Pereira et al., 2006; Zinman et al., 1999;
Gwozdziewiczová et al., 2004; 2005). A few studies
suggest that TNF-α may play role in insulin resistance in
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resistin concentration between the healthy controls and
patients with gestational age less than 24 weeks (Table 2
and Fig. 1c). TNF-α level was also significantly higher
in patients in all gestational age as compared non
pregnant women (Fig. 1d). However, during pregnancy
TNF-α level were significantly decreased with increase
in gestational age (Table 2). Patients exhibited higher
score of HOMA IR compared control group, but there
were not difference in this score between pregnant
subjects in different gestational age (Table 1 and 2). There
were significant correlation between gestational age and
BMI (r = 0.28, p = 0.01), diastolic pressure (r = 0.28,
p = 0.01) resistin (r = 0.36, p = 0.002) and TNF-α level
(r = -0.44, p<0.0001). There was not significant
correlation between gestational age and IR. Resistin level
in pregnancy did not correlate with IR, fasting insulin,
BMI and body weight. TNF-α level also did not correlate
with IR, fasting insulin, BMI and body weight.

MATERIALS AND METHODS
This cross sectional study was done on eighty-six
pregnant women with different gestational ages (first
trimester: 26, second trimester: 23, third trimester: 37
and twenty-one healthy non pregnant women similar in
age and BMI (control group: 23.8±0.8, patient groups:
23±0.6). All subjects met the following criteria: No
history of pre-gestational diabetes; no history of liver,
respiratory, thyroid or other illness and any current
infectious condition. They were not on any medical
therapy.
Body Mass Index (BMI, Kg m−2) was calculated
according to the maternal height and pre-pregnancy
weight. Serum samples were analyzed for
concentrations of resistin, TNF-α, insulin and glucose.
Serum glucose was measured by GOD-POD method.
Serum insulin was determined by ELISA (Diaplus).
Serum resistin was measured by ELISA (Biovender,
Germany Ref NO: RD 191016100R) and also serum
TNF-α was assayed by ELISA (Bender med, Austria
Ref NO: BMF 223). Insulin resistance value were
calculated using the homeostasis model assessment,
HOMA-IR, as (fasting insulin IU L−1) × (fasting
glucose mmol L−1) /22.5 as previously reported by
Matthews et al. (1985). All participants in the trial gave
informed consent and the study was approved by
University Ethics committee.

Table 1: Clinical and laboratory characteristic of patients and control
Pregnant women
Control
Mean ± SE
Mean ± SE
Number of case
86.0
21.0
Age (year)
26.4±0.500
27.20±1.30
Gestational age (week)
23.9±1.200
0.00
HT (m)
1.6±0.007
1.58±0.01
WT (Kg)
65.0±1.300**
58.60±1.50
BMI (Kg m−2)
25.4±0.400*
23.40±0.70
SBP (mmHg)
117.0±0.900**
110.70±1.50
DBP (mmHg)
72.8±0.800
70.90±3.40
BGL (mg/100)
81.5±1.700
80.20±1.90
−1
Insulin (µLU mL )
10.9±0.600
8.70±0.40
Resistin (ng mL−1)
8.3±0.300
7.00±0.70
−1
TNF (pg mL )
2.8±0.200***
0.80±0.10
IR
2.1±0.100**
1.70±0.10
BMI: Body Max Index; HT: Height of women; WT: Weight of body;
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; BGL:
Blood Glucose Level; IR: Insulin Resistance; *: p<0.05 (control);
**: p<0.01 (control); ***: p<0.0001 (control)

Statistical analysis: All results are displayed as
Mean ± SEM (standard error of mean). Levene’s test
was shown there was not difference between groups.
One way ANOVA analysis and Post hoc tests were
used to compare mean among the groups and
correlations were calculated using liner correlation
(Pearson). Statistical analysis was performed using
SPSS 12 for window. P<0.05 was considered
statistically significant for all analysis.

Table 2: Clinical and laboratory characteristics of pregnant women
with different gestational age
1st trimester 2nd trimester 3rd trimester
Mean ± SE Mean ± SE
Mean ± SE
Number of cases
26.00
23.00
37.00
Age (year)
25.50±0.87 24.90±0.50
27.60±0.80
GA (week)
11.20±0.30 22.20±2.70
32.90±0.80
WT (Kg)
59.20±2.20 65.70±3.10
68.20±1.80**
HT (m)
1.58±0.01
1.58±0.01
1.60±0.01
SBP (mmHg)
114.20±1.90 117.50±1.80
118.30±1.20*
DBP (mmHg)
70.50±1.50 71.70±1.70
74.70±1.10
BMI (Kg m−2)
23.60±0.80 25.70±0.90
26.20±0.60**
BGL (mg/100)
78.60±1.30 79.40±2.30
84.10±3.50
Insulin (µL mL−1)
10.50±0.70 10.60±0.80
10.05± 0.60
Resistin (ng mL−1)
6.70±0.20
8.60±0.40*
9.50±0.50***
TNF (pg mL−1)
3.93±0.40
2.88±0.30*
2.02±0.20***
IR
2.00±0.12
2.02±0.14
2.10± 0.01
BMI: Body Mass Index; GA: Gestational Age; WT: Wight of body
during pregnancy; HT: Height; SBP: Systolic Blood Pressure; DBP:
Diastolic Blood Pressure; BGL: Blood Glucose Level; IR: Insulin
Resistance; *: p<0.05; **: p<0.01; ***: p<0.001 (significantly
different from pregnant women in 1st trimester)

RESULTS
A total of 86 pregnant women and 21 non pregnant
subjects participated in the study. Clinical and
laboratory characteristics of patients and controls are
summarized in Table 1. BMI were found to be
significantly increased in the 3rd trimester as compared
with controls and women with 1st trimester of pregnancy
(Fig. 1a and Table 2). Patients in the second and third
trimester of pregnancy had significantly higher systolic
pressure than non pregnant women (Fig. 1b). Serum
resistin concentration were found to be significantly
raised in the second and third trimester as compared
with women with first trimester of pregnancy, but we
were not found any statistical difference in serum
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(a)

(b)

(c)

(d)

Fig. 1: (a) BMI in patients in different trimesters of pregnancy and controls. BMI were significantly higher in 3rd
trimesters compared with the control (**: p<0.01). (b) Systolic blood pressure in different trimesters of
pregnancy and controls. Systolic blood pressure were significantly higher in the 2nd and 3rd trimesters as
compared with control group (*: p<0.05, **: p<0.01). (c) Serum resistin level in different trimesters of
pregnancy and control. Serum resistin level significantly higher in the 3rd trimester as compared control
(*: p<0.05). (d) Serum TNF level in different trimesters of pregnancy. TNF level significantly higher in the
1st, 2nd and 3rd trimesters of pregnancy as compared control (***: p<0.0001, **: p<0.01)
researches (Manley et al., 2008), differences in the
population studied and sampling time during
pregnancy.
A number of studies have been reported
concentrations of resistin in pregnant subjects (Palik et al.,
2007; Nien et al., 2007; Hendler et al., 2005; Chen et al.,
2005). Our findings of higher maternal resistin
concentration only in third trimester compared to non
pregnant subjects and women in the first trimester
are consistent with report by Chen et al. (2005) but,
Palik et al. (2007) reported that differences between
resistin concentration of non pregnant and pregnant
women are significantly in 1st, 2nd and 3rd trimester.
Higher plasma concentration of resistin in second and
third trimester of pregnancy compared first trimester as
well as the positive correlation with gestational age
were showed that placenta has important role in resistin

DISCUSSION
Glucose metabolism disorder is a common
complication during pregnancy and its pathology is
associated with IR and deficiency of insulin secretion
(Johnson, 2008). In this study, insulin resistance
significantly was higher in total group of healthy
pregnant than in non pregnant women. In spite of
previous report we did not found correlation between
gestational age and insulin resistance. Kirwan et al.
(2002); Melczer (2002); Stanley et al. (1998) have been
shown insulin resistance was significantly increased in
late pregnancy compared with either control or early
pregnancy. This difference may be related to
differences in dietary composition, life style between
western and eastern societies (Clapp, 2006), variability
between insulin assays in different experimental
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production during pregnancy. In addition a number of
studies have been shown, resistin level decrease after
deliver (Megia et al., 2008). In present study similar to
recent reports, we could not found correlation between
maternal resistin and insulin resistance (Megia et al.,
2008; Kulik-Rechberger and Mora-Janiszewska, 2009;
Kuzmicki et al., 2009). Our results are in agreement
with several previous observations that found an
increase in TNF-α level in pregnant as compared non
pregnant subjects (Melczer, 2002; Xue-Lian et al.,
2008; Daher et al., 1999) but in contradiction with these
studies, we found negative correlation between
gestational age and TNF-α level. Explanation account
for this finding may be related to lifestyle of our
subjects. Clapp and Kiess (2000) reported that regular
weight bearing exercise during pregnancy suppressed
the usual pregnancy-associated changes in the
circulating level of TNF-α (Clapp and Kiess, 2000). In
present study, most of patients were villager and
naturally had high level of physical activity. In addition
pregnancy to be associated with changes of several
hormones, including, estrogen, progesterone, cortisol
and 1, 25 dihydroxyvitamin D3 (Henricks et al., 1972;
Smith et al., 1973; Ardawi et al., 1997). Some of these
hormones such as cortisol and catecholamines and 1,
25 dihydroxy D3 are potent inhibitor of TNF-α
production by monocyte/macrophage (DeRijk et al.,
1997; Guirao et al., 1997; Anand et al., 2009; Ito et al.,
2002). In other study has been shown, plasma
concentration of cortisol was elevated more during late
pregnancy than early pregnancy (Kirwan et al., 2002).
Therefore it is possible increased production of these
hormones during pregnancy to be responsible for
reduced maternal TNF-α production.
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CONCLUSION
In conclusion, our findings suggest that TNF-α and
resistin do not appear to contribute greatly to pregnancy
induced insulin resistance in healthy pregnancy.
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