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Adiponectin has anti-inflammatory, insulin-sensitizing and anti-
atherogenic properties, while C-reactive protein (CRP) is a systemic 
inflammation marker. This study was conducted to investigate the relation 
between adiponectin and CRP with glycemic, lipid profile, liver enzymes, 
and blood pressure parameters in gestation. Ninety pregnant women were 
divided into three groups including: Thirty pregnant women in their first 
trimester (G1 group), another thirty pregnant women in their third 
trimester (G2 group) and thirty non-pregnant women (C or control group). 
All subjects had been fasting for ten hours before blood samples were 
drawn. The concentrations of serum adiponectin, serum CRP, fasting 
plasma glucose, serum insulin, glycated hemoglobin, alanine amine-
transferase, aspartate amine-transferase, and blood pressure parameters 
were assessed. The results showed that serum adiponectin significantly 
decreased in gestation in G1 group (p<0.01) and non- significantly in G2 
group in comparison to the C group. CRP continuously increased from G1 to 
G2 groups (p<0.01) in comparison to C group. In G1 group, there was a 
significant increase in fasting serum insulin. The homeostasis model 
assessment of insulin resistance (HOMA2-IR), systolic blood pressure and 
alanine amine-transferase significantly increased (p<0.05) in G1 group 
compared with C group. The homeostasis model assessment for β cell 
function (HOMA2-β) and diastolic blood pressure significantly increased 
(p<0.01) in G1 group in comparison with C group. In G2 group, BMI, BF %, 
FSI, HOMA2-β, HOMA2-IR, systolic, diastolic blood pressure, and lipid 
parameters were significantly increased (p<0.01) in comparison to C 
group, while aspartate amine-transferase significantly changed (p<0.05) 
when compared with C group. This study showed that the early decrease in 
serum adiponectin and its late correlation with high density lipoprotein 
might be an adaption mechanism to protect maternal system against high 
triglycerides level in third trimester. 
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Introduction 

Adiponectin hormone is a bioactive adipokine 

produced mainly by white adipose tissue [1]. 

Adiponectin consists of 224 amino acids [2]. It 

has an anti- inflammatory action, insulin 

sensitizing, anti-atherogenic [3] and immune-

response regulating properties [4]. It circulates in 

the blood in three main isoforms: Low molecular 

weight (trimer), middle molecular weight 

(hexamer) and high molecular weight (4-6 

trimers) [5]. Each adiponectin isoform activates 

definite signaling pathways, controlling distinct 

biological function [6]. C-reactive protein (CRP) is 

a systemic biomarker of inflammation, mainly 

produced in liver [7], adipocytes, endothelial 

cells, macrophages and lymphocytes. Its secretion 

increases rapidly in inflammation state [8]. CRP 

has two isoforms one of which is created in 

inflammation state at site of damaged or inflamed 

tissue and it has also more pro-inflammatory 

actions, while the other is created in absence of 

inflammation with anti-inflammatory action [9]. 

It is well known that pregnancy is a state of 

alterations in immune response, metabolic phase 

and endocrine system [10], which are obligatory 

for fetal development [11]. The success of 

pregnancy needs high-controlled adaption 

mechanisms [12], and the impairment in these 

mechanisms results in complications and 

pathologic states [13]. In this article, we aimed to 

investigate the behavior of adiponectin, and CRP, 

and their associations with other biochemical 

factors in gestation. 

Materials and methods 

Serum adiponectin and fasting serum insulin 

concentrations were determined by enzyme-

linked immunoassay (ELISA) using commercial 

kits produced by Mybiosource Company (San 

Diego, USA) and Demeditec company (Lise 

Meitner, Germany), respectively. Serum CRP was 

analyzed by a latex turbidimetry method using kit 

produced by Linear Chemicals S.L. Company 

(Barcelona, Spain). Fasting plasma glucose (FPG), 

total cholesterol (TC), triglyceride (TG) were 

analyzed by enzymetic colorimetric method end 

point, alanine aminotransferase (ALT/GPT) and 

aspartate aminotransferase (AST/GOT) were 

analyzed by enzymetic colorimetric method 

kinetic using kits produced by Linear Chemicals, 

S.L. company (Barcelona, Spain). A glycated 

hemoglobin was analyzed by latex turbidmetry 

using kit manufactured by Spinreact, S. A. 

company (Santa Coloma, Spain). The high-density 

lipoprotein (HDL) was analyzed by enzymatic 

colorimetric end point method using kit made by 

Biosystem S.A. (Barcelona, Spain). The ELISA 

plate washer and reader used were made by 

Thermo, Germany. The spectrophotometer used 

was made by Hook and Tucker, Germany. The 

centrifuge and the water bath were made by 

Universal, Germany. And, Water bath was made 

by Memmert, Germany. 

Homeostasis model assessment of insulin 

resistance (HOMA2-IR), insulin sensitivity 

(HOMA2-S) and β functions (HOMA2-β) 

equations were driven by the oxford center of 

diabetes [14]. The body mass index (BMI) and the 

body fat percentage (BF %) were calculated by 

Deurenberg’s and Friedwald’s equations [15,16]. 

Subjects 

Ninety Iraqi women who had been visiting al-

Yarmouk teaching hospital/ obstetrics and 

gynecology clinic from November 2021 to 

February 2021 were grouped into three groups 

(n=30); the first group included pregnant women 

in their first trimester (the G1 group), second 

group included pregnant women in their third 

trimester (G2 group) and third group included 

non-pregnant women (C group). All the subjects 

had been fasting for ten hours before blood 

samples were drawn at morning. A ten ml vein 

blood was drawn from each fasting subject then 

divided into parts: Two ml was poured into tubes 

coated with ethylenediaminetetraacetic acid 

(EDTA) for fasting plasma glucose (FPG) assay 

and eight ml poured into gel tubes. Biochemical 

test tubes were left for thirty minutes incubation 

then underwent a ten-minute centrifuge at 3000 

xg. The serum was aspirated, poured in 

Eppindorff tube of (250 µl), and frozen under -20 

°C till they were analyzed. 

Data analysis 

Data analysis was done by Statistical Package for 

the Social Sciences Software (SPSS), version 24. 



 Haddad N.I.A., et al./ Chem. Methodol., 2022, 6(5) 357-365 

359 | P a g e  
 

Analysis of variance (ANOVA) was used to match 

between the means of different groups of a study. 

Post hoc test was used to estimate the 

significance of means difference between two 

groups. Pearson correlation was applied to 

evaluate the strength of relation serum 

adiponectin and other parameters. Also, multiple 

regression analysis was done to find a significant 

independent predictor for serum adiponectin. 

The p-value less than 0.05 refers to statically 

significant difference and less than 0.01 refers to 

statically high significant difference. 

Results and Discussion  

The main energy source for fetus is circulating 

maternal glucose which is shifted to fetus 

through placenta, based on which the blood 

glucose level must be maintained to meet the 

needs of the fetus, which is accomplished through 

a homeostatic increased in insulin resistance 

[17,18]. The previous fact is in alignment with 

our results in Table 1 that shows a non- 

significant decrease in Fasting Plasma Glucose 

(FPG) in G1 and G2 groups in comparison with C 

group and a significant and a highly significant 

increase in homeostasis model assessment of 

insulin resistance (HOMA2-IR) in G1, G2 groups 

in comparison to C group at (p<0.01). The current 

results reveal a significant decline in Homeostasis 

Model Assessment 2 insulin sensitivity (HOMA2-

S) in G2 group (p<0.05) in comparison to C group. 

This result is in alignment with previous research 

[19, 20]. As shown in Table 1, adiponectin 

significantly declined in the G1group (p<0.01) 

and non-significantly declined in G2 group in 

comparison to C group (as shown in Figure 1), 

and this finding is in agreement with previous 

studies having reported a decline in adiponectin 

in normal and in complicated pregnancy by 

hypertension [21,22]. In Table 1, the Fasting 

Serum Insulin (FSI) and HOMA2-β continuously 

increased from G1 to G2 groups in comparison to 

C group. This increase is a compensatory 

mechanism for insulin resistance; this result is in 

agreement with previous studies [23,24]. The 

current results declare continuous elevation in 

CRP (p<0.01) from G1 to G2 groups in 

comparison to control group (as shown in Figure 

2). This result is also consistent with previous 

study [25]. The glycated hemoglobin percentage 

(HbA1c %) declined in gestation due to short life 

span of erythrocytes in pregnancy [26,27]. 

Recently published studies are in agreement with 

our results displayed in Table 3, reporting that 

HbA1c % decreased in non-significant manner in 

G1 and G2 groups in comparison to C group. 

Further, Table 1 shows that the total cholesterol, 

triglyceride, low density lipoprotein (LDL) and 

very low-density lipoprotein (VLDL) significantly 

increased in G2 group (p<0.01), which is in line 

with another previous study [28]. The insulin 

resistance in late pregnancy attenuated insulin-

lipolysis suppression [29] and decreased adipose 

tissue lipoprotein lipase activity leading to high 

level of circulating triglycerides are associated 

with lipoproteins that will be lipolysis by 

placental lipoprotein lipase into free fatty acids 

and shifted to fetus [30]. The results of the 

current study showed that HDL significantly 

decreased in G2 group with 56 % parous 

pregnant women (p<0.01) in comparison to C 

group, being parallel to the results of previous 

studies reporting that HDL in parous pregnant 

women was lower than that in nil-parous 

pregnant women [31,32,33]. Table 1 illustrates 

that although ALT significantly increased in G1 

group (p<0.05) in comparison to C group and AST 

significantly decreased in G2 group (p<0.05) in 

comparison to C group; they both remain within 

normal limits in spite of hemo-dilution 

(increased plasma volume expansion in gestation 

more than volume of erythrocytes) [34-38]. 

Table 1 shows that both systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) 

increased significantly (p<0.05) and significantly 

(p<0.01) from G1 to G2 groups, respectively in 

comparison to C group; this result is similar to 

those of previous studies [39, 40]. According to 

American Heart Association, blood pressure is 

classified as elevated when SBP is (120-129 mm 

Hg) and DBP is (< 80 mm Hg) [39].  Table 1 

shows that BMI and BF % significantly increased 

in G2 group (p<0.01) in comparison to C group. 

This result is consistent with previous studies 

[41- 43].  
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Table 1: ANOVA analysis and post hoc test for parameters of G1, G2, C groups 

Parameter Group C Group G1 Group G2 P-value 

FPG(mg/dl) 85.61±7.26 81.88±11.17 79.59±12.56 0.09 

HOMA2–IR (%) 1.23±0.31 1.75±0.8*a 1.85±0.9**b <0.01 

HOMA2–β (%) 125.80±24.62 169.68±36.97**a 191.52±51.54**b <0.01 

HOMA2-S (%) 85.31±17.60 72.21±24.19 65.58±31.3*b <0.05 

Adiponectin(ng/ml) 64.58±5.26 60.57±5.27**a 62.53±1.84 <0.01 

FSI(micro(µ)IU/ml) 9.61±2.49 13.97±6.17*a 15.08±7.14** b <0.01 

CRP (mg/l) 2.13±0.27 3.43±0.97**a 6.46±2.44**b,**c <0.01 

HbA1c % 5.86±0.3 5.46±0.72 5.41±1.07 0.05 

TC (mg/dl) 165.13±27.7 167.56±28.4 234.79±43.06**c,**b <0.01 

TG (mg/dl) 147.48±17.89 154.18±56.15 218.79±70.27**b,**c <0.01 

HDL(mg/dl) 46.62±11.46 44.85±8.33 38.27±6.77*b,*c <0.01 

LDL (mg/dl) 89.02±26.94 93.13±30.11 154.11±40.15**b,**c <0.01 

VLDL (mg/dl) 29.50±3.58 30.77±11.31 43.73±14.07**b,**c <0.01 

ALT (mg/dl) 15.07±5.25 19.71±7.58*a 17.15±6.51 <0.05 

AST (mg/dl) 18.28±3.54 17.56±7.09 14.46±4.02*b*c <0.05 

SBP(mm Hg) 122.7±6.78 127.2±7.15*a 128.23±6.94*b <0.01 

DBP(mm Hg) 68.03±3.19 73.27±5.78**a 76.43±6.4**b <0.01 

BMI (kg/m^2) 25.01±3.97 25.03±2.80 29.93±6.46**b,**c <0.01 

BF % 31.46±5.26 31.44±4.44 36.58±8.21**b,**c <0.01 

a: refers to significant differences between G1 and C groups; b: refers to significant differences 

between G2 and C groups; c: refers to significant differences between G1and G2 groups; *: refers to 

significant difference p<0.05; **: refers to high significant difference p<0.01 

 

Table 2 shows a Pearson correlation between 

serum adiponectin and other biochemical factors. 

The coefficient of correlation was represented by 

(r), and the significance of that correlation was 

represented by (p). Table 2 also shows a negative 

significant correlation between serum 

adiponectin with BMI and BF % (r=_0.434, 

p<0.05) and (r=_0.421, p<0.05) in the G2 group, 

which is in line with previous studies reporting 

that the high degree of obesity is parallel with a 

low degree of adiponectin level and that BF % 

increased by 25 % with 2.5 fold decrease in 

adiponectin level [44-46]. In obesity or 

gestational diabetes, insulin resistance induces 

ubiquitination or degradation of adiponectin 

[47]. Table 2 displays a positive significant 

correlation between adiponectin and HDL 

(r=0.376, p<0.05) in G2 group. This result is in 

tandem with preceding studies finding that 

incubation (50 µgm/ml HDL) with partially 

differentiated adipose tissue increased 

adiponectin expression by (1.5 fold).  

Adiponectin correlates with HDL to minimize 

adverse effects of HDL decline in late gestation 

[48, 49]. Table 2 illustrates that there is no 

significant correlation between serum 

adiponectin and HOMA2-β, which is consistent 

with that of a prior study which reported that 

glucose-stimulated insulin secretion was not 

affected by serum adiponectin [50]. Another 

previous study reported that deficient 

adiponectin did not decrease insulin sensitivity in 

rats [51]; this finding is parallel with the current 

results which state that there is no significant 

correlation between serum adiponectin and 

HOMA2-S.  Table 2 shows no significant 

correlation between adiponectin and TC, TG, LDL, 

and VLDL, which is partially consistent with a 

prior study [52]. The current results show that 

there is no significant correlation between 

adiponectin and SBP and DBP. Unlike this finding, 

a previous study has stated that decreased 

adiponectin due to elevation in pro-inflammatory 

tumor necrosis factor (TNF) leads to 

hypertension induced by vessels-constriction 

[53]. 
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Table 2: Pearson correlation of serum adiponectin with other parameters in G1, G2 groups 

Parameters 
Maternal serum adiponectin 

G1 (N=30)                                             G2(N=30) 
r P Sig. r P Sig. 

BMI (kg/m^2) 0.122 0.522 N.S. -0.434 <0.05 S. 
BF % 0.098 0.606 N.S. -0.421 <0.05 S. 

FPG (mg/dl) -0.018 0.927 N.S. -0.285 0.127 N.S. 
HbA1c (%) -0.105 0.579 N.S. -0.339 0.067 N.S. 

FSI (µIU/ml) -0.202 0.285 N.S. -0.181 0.338 N.S. 
HOMA2-IR -0.197 0.309 N.S. -0.145 0.446 N.S. 

HOMA2-β (%) -0.216 0.251 N.S. 0.158 0.405 N.S. 
HOMA2-S(%) 0.156 0.409 N.S. 0.202 0.285 N.S. 

TC (mg/dl) 0.241 0.200 N.S. 0.335 0.07 N.S. 
TG (mg/dl) -0.069 0.719 N.S. -0.025 0.897 N.S. 

HDL (mg/dl) 0.276 0.253 N.S. 0.376 <0.05 S. 
LDL (mg/dl) -0.04 0.832 N.S. 0.313 0.092 N.S. 

VLDL (mg/dl) -0.071 0.708 N.S. -0.025 0.898 N.S. 
AST (u/l) 0.229 0.223 N.S. 0.232 0.218 N.S. 
ALT (u/l) 0.002 0.991 N.S. 0.345 0.062 N.S. 

SBP (mmHg) 0.072 0.706 N.S. 0.02 0.917 N.S. 
DBP (mmHg) 0.013 0.946 N.S. -0.05 0.981 N.S. 
CRP (mg/l) -0.588 <0.01 H.S. -0.175 0.354 N.S. 

N.S.: for p≥0.05, S: for p<0.05, H.S.: for p< 0.01 

As Table 3 reveals, serum CRP had a positive 

significant correlation with BMI, BF % (r=0.388, 

p=0.034) and (r=0.379, p=0.039), respectively, in 

G2 group. This result is consistent with previous 

studies which have reported a strong correlation 

between CRP and BMI in spite of gestational 

hemodilution [54,55]. In excessive fat 

accumulation as in obesity state, CRP significantly 

elevated in comparison to lean [55]. Table 3 

displays a highly significant positive correlation 

between CRP and SBP (P<0.01) in G2 group; this 

finding is parallel to those of prior results [57]. 

The current results reported that there was no 

significant correlation between CRP and maternal 

glycemic parameters. This finding is in partial 

agreement with a previous study [58]. 

Table 3: Pearson correlation of serum CRP with other parameters in G1, G2 groups 

parameter 
Maternal serum CRP 

G1 (N=30) G2(N=30) 
r P Sig r p Sig 

BMI(kg/m2) 0.296 0.112 N.S. 0.388 0.034 S. 

BF% 0.264 0.159 N.S. 0.379 0.039 S. 

FPG(mg/dl) -0.168 0.347 N.S. 0.164 0.386 N.S. 

HbA1c(%) -0.012 0.949 N.S. 0.112 0.555 N.S. 

FSI(µIU/ml) -0.044 0.819 N.S. 0.045 0.811 N.S. 

HOMA2-IR(%) -0.057 0.765 N.S. 0.041 0.828 N.S. 

HOMA2-β(%) 0.159 0.400 N.S. -0.149 0.433 N.S. 

HOMA2-S(%) -0.102 0.590 N.S. -0.008 0.968 N.S. 

TC(mg/dl) -0.173 0.347 N.S. 0.199 0.291 N.S. 

TG(mg/dl) 0.025 0.894 N.S. 0.216 0.252 N.S. 

HDL(mg/dl) -0.131 0.491 N.S. -0.171 0.367 N.S. 

LDL(mg/dl) -0.034 0.859 N.S. 0.144 0.449 N.S. 

VLDL(mg/dl) 0.031 0.872 N.S. 0.215 0.255 N.S. 

AST(u/l) -0.12 0.529 N.S. -0.079 0.680 N.S. 

ALT(u/l) 0.107 0.575 N.S. -0.261 0.164 N.S. 

SBP(mmHg) -0.013 0.947 N.S. 0.494 0.006 H.S. 

DBP(mmHg) -0.048 0.799 N.S. 0.147 0.437 N.S. 

N.S.: for p≥0.05, S: for p<0.05, H.S.: for p< 0.01 
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Table 4 summarizes the regression analysis 

between serum adiponectin and studied 

parameters, stating that HDL with BMI form an 

independent-significant predictor model for 

serum adiponectin in late pregnancy (p<0.01). 

Table 4: The regression analysis of studied parameters with serum adiponectin 

Model 1 Β Β Coefficient of standard error p-value 

BMI -0.144 -0.506 0.043 0.01 

HDL 0.124 0.457 0.041 0.01 

Adiponectin R2 =0.391, Adjusted R2 =0.346 

*p<0.05, **p<0.01, no asterisk: p≥0.05 

 

 
Figure 1: Maternal serum adiponectin of three groups 

 

 
Figure 2: Maternal serum CRP of three groups 

Conclusion 

During pregnancy, the level of maternal serum 

adiponectin decreases. It has a substantially 

negative relationship with BMI, BF percent in late 

pregnancy, and CRP in early pregnancy. In late 

pregnancy, it has a favorable and significant 

relationship with HDL, which appears to be a 

mechanism for balancing the impacts of 

physiologically growing TC, TG, and CRP, which 

occurred naturally in the third trimester. In the 

third trimester, HDL with BMI was found to be a 

significant independent prediction model for 

serum adiponectin. 
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