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Abstract

Background: This study was aimed at determining the levels of serum adiponectin, leptin, resistin, visfatin and
lipids during the first trimester in pregnant women and to evaluate the relationship between these biochemical
markers and preeclampsia (PE). Available evidence point to changes in the levels of these adipokines in PE hence
this study examined the potential of using these biomarkers in the prediction of the disease.

Methods: This was a case-control study which compared first trimester serum biochemical and anthropometric
parameters in pregnant women who subsequently developed PE and those who did not. Blood pressure and urine
protein were determined after 20 weeks of gestation and diagnosis of PE performed according to the guidelines of
the American Heart Association.

Results: There was no significant difference (p > 0.05) in the lipid profile with the exception of HDL cholesterol
which was significantly lower (p = 0.043) in the PE group compared to the normotensive group. There were,
however, significant differences (p < 0.05) in the adipokines between the PE group and those without PE. Analyses
of area under the receiver operating characteristic curves (AUCs) for the adipokines, showed their ability to correctly
predict PE even after controlling for body mass index (BMI) and family history of hypertension.

Conclusion: Adiponectin, leptin, resistin and visfatin were found to be significant predictors of PE, with resistin
being the best predictor after controlling for BMI. However, adiponectin was the best predictor after controlling for
BMI, age, parity and family history of diabetes and preeclmapsia.
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Background
The main objective of the current study was to explore
the association between some adipokines, lipid and pre-
eclampsia and to elucidate the effectiveness and accuracy
of these markers in the prediction of PE. PE, a pregnancy-
specific syndrome [1] is the occurrence of hypertension
and proteinuria after 20 weeks of gestation in women who
were previously normotensive [2]. It affects 2–5% of preg-
nancies and is a major contributor to fetal, neonatal and
maternal morbidity and mortality. The incidence rate in
Ghana is about 7% [3, 4], however a prevalence of 8.3%

was reported in a study at the Volt Regional Hospital, Ho
[5]. Preeclampsia may develop from 20weeks of gestation
up to 6 weeks postpartum and is usually regarded as an
early inception if it occurs before 34 weeks of gestation.
Preeclampsia shares some of the risk factors of metabolic
syndrome including insulin resistance, subclinical inflam-
mation and obesity with evidence showing that women
with PE have an increased risk of developing cardiovascu-
lar disease in the future [6].
Some studies have reported a paradoxical and signifi-

cant increase in adiponectin concentration during preg-
nancy complicated by PE [7, 8]. However, other authors
did not find significant difference in adiponectin mRNA
expression in adipose tissue between patients with PE
and healthy controls [9].
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Leptin levels are increased in pregnant women with
PE [7] and may be increased before the clinical onset of
the disease [10, 11] with peaks occurring around 28
weeks of gestation [12]. Therefore, leptin may be in-
volved in the pathophysiology of the disease. Some au-
thors have, however, reported decreased [9] or
unchanged [13] circulating levels in patients with PE.
Resistin concentration in PE has been reported by

various researchers to remain unchanged [7] decreased
[14] or increased [9]. The elevated circulating resistin
levels in PE may be due to the fact that its concentration
in plasma depends on glomerular filtration hence with
progressive renal impairment in PE resistin levels in
plasma might increase [15].
Similar conflicting results have been published on vis-

fatin levels during pregnancy complicated by preeclamp-
sia. Some authors published increased visfatin levels in
PE [16] while other investigators reported decreased
levels [17] or values similar to normal pregnancy [18].
This study was aimed at determining whether in the first
trimester of pregnancy, serum leptin, adiponectin, resis-
tin and visfatin are altered in pregnancies that subse-
quently develop PE and whether these adipokines and
lipids can be used as predictive tools to ascertain preg-
nancies that are likely to develop PE.
Lipid profile changes in normal pregnancy are

regarded as discernable elevations of total plasma chol-
esterol and triglyceride levels as a result of increased
synthesis of triglycerides (TG) by the liver and very low
density lipoprotein-cholesterol (VLDL-C) in response to
elevated estrogen levels [19]. Reduction in Lipoprotein
lipase (LPL) activity due to the down regulation of LPL
gene expression by estrogen during pregnancy reduces
the clearance of VLDL-C [20]. A study conducted in the
Cape Coast metropolis in Ghana revealed that women
with PE had elevated TG, total cholesterol (TC), low
density lipoprotein cholesterol (LDL-C) and VLDL-C
[21]. The variation in the lipid profile and changes in
some adipokine metabolism as reported by various in-
vestigators calls for a close scrutiny of their roles in the
pathogenesis of PE. The main aim of this study was to
determine whether in the first trimester of pregnancy,
metabolism of adiponectin, leptin resistin and visfatin
are affected in pregnancies that subsequently develop PE
and whether these changes are significant enough in the
prediction of PE so as to elicit interventions early
enough to save the mother and the baby.

Materials and methods
Study site and design
This case-control study was carried out at the Ho
Teaching Hospital (HTH) Ho, Ghana, between January,
2016 and December, 2016.

Criteria for selection
Those included in the study were pregnant women above
18 years with or without hypertension (cases and controls
respectively). Pregnant women without dipstick proteinuria
and whose blood pressure < 140/90mmHg were enrolled
as controls while those with concurrent hypertension and
proteinuria were enrolled as cases. Those excluded were
pregnant women with renal disease, diabetes, cancers mul-
tiple pregnancy and pre-gestational hypertension.

Study population
We compared first trimester parameters among 90 preg-
nant women who subsequently developed PE and 100
women who did not developed the condition at VRH.
Participants were selected from a large prospective ob-
servational study for early prediction of pregnancies that
are likely to develop complications in women attending
antenatal clinic at VRH. Women, who visited the hos-
pital between 11 and 13 weeks of gestation, were re-
cruited to take part in the study. We recorded maternal
characteristics and medical history of participants.

Anthropometric measurement
The participants wore light clothing and stood on a Bio
impedance analyzer (BIA) (BIA; BSD01, Pure Pleasure, a
division of the Stingray Group, Cape town, South Africa)
after they had removed their shoes; their weights were
recorded to the nearest 0.1 kg. Height was measured
without shoes with a stadiometer to the nearest 0.5 cm
with the study participants standing upright and heels
put together and the head in the horizontal plane. BMI
was calculated as weight/height squared (Kg/m2).

Blood pressure measurement
Each participant was asked to sit down comfortably, extend
the left arm on a table and then relax for 10min. Blood
pressure was measured using a mercury sphygmomanom-
eter and stethoscope. Measurements were taken from the
left upper arm after the participants had rested for at least
5min in accordance with the guidelines of the American
Heart Association [22]. Triplicate measurements were
taken with at least 5min waiting period between measure-
ments and the mean blood pressure was recorded to the
nearest 2.0mmHg.

Collection and preservation of samples
During the first trimester, 5 milliliter of blood samples
were also taken between 7:00 am and 8:00 am and put into
serum separator tubes and immediately put on ice packs.
Serum samples were separated within 1 h and then stored
in several aliquots at -80 °C for subsequent biochemical
analysis. After 20th week of gestation, each participant
was provided with clean dry, wide mouth, leak proof con-
tainers to collect about 5 ml of urine sample.
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Biochemical and urine analysis
Adiponectin, leptin, resistin and visfatin were analyzed
in the base line samples of both cases and the controls
by sandwich enzyme-linked immunosorbent assay tech-
nique (Elabscience Biotechnology Co. Ltd., Wu Han,
People’s Republic of China) whiles lipid profile was done
using the Vitros dry chemistry analyzer (Ortho-Clinical
Diagnostics, Johnson & Johnson, High Wycombe, UK).
None of the samples in this study were previously
thawed and refrozen.
Urine strip was inserted into the urine sample up to

the test area for less than 2 s. The edges of the strips
were drawn along the brims of the vessels to remove ex-
cess urine, making sure the tests areas did not touch the
vessels. The strips were held vertical and the tips tapped
on absorbent papers to remove any remaining urine
[23]. The urine strip was held horizontally and compared
with the color chart on the vial label under bright light.
The amount of protein was then determined using the
intensity of the blue green color which was proportional
to concentration of protein in the urine. Proteinuria was
defined as the presence of urinary protein with concen-
tration of at least “+” [24].

Study variables and outcome measurement
Every pregnant woman in this hospital is screened for
PE after the 20th week of gestation. The primary out-
come was PE occurrence (yes/no), which was deter-
mined according to the PE diagnosis criteria. Blood
pressure measurement was done after 20 weeks of preg-
nancy and urine protein determined during the same
period using the dip-stick qualitative/semi-quantitative
method (Urit Medical Electronic Co., Ltd., Guangxi,
People’s Republic of China). Diagnosis of PE was per-
formed by qualified Obstetrician/Gynecologist based on
systolic and diastolic blood pressure of 140 mmHg or
more and 90mmHg or more respectively (or both) on
two occasions at least 4 h apart accompanied by protein-
uria of + or more.

Statistical analysis
Data analysis was performed with the SPSS software,
version 20. Systat, Inc. Germany and Graph Pad Prism,
version 5.0, San Diego California, USA. Normality test
for variables under study was performed by Shapiro-
Wilk test followed by comparison between those with
PE and the normotensives by Mann–Whitney U-test. In
all the statistical analysis, a value of p < 0.05 was consid-
ered to be significant. The area under the receiver oper-
ating characteristic (ROC) curve (AUC) is mostly used
to measure the accuracy of a test/marker. When the
AUC is 50% or less, the result can be regarded as a ran-
dom guessing and hence not significant. This is repre-
sented by diagonal line in the ROC plot [25] . We tested

the adipokines and the lipids for their accuracy (AUC ~
60%) in determining pregnancies that are likely to de-
velop into preeclampsia.
Multivariate analysis was carried out for the individual

adipokines as predictors of PE after controlling for po-
tential confounding variables (Age, BMI, relatives with
hypertension, family history of diabetes mellitus, family
history of preeclampsia and parity). This was to assess
the independent contribution of each adipokine in pre-
dicting PE after controlling for the confounders.
The statistics -2Log (Likelihood), R2 (Cox and Snell),

R2 (Nagelkerke), Akaike Information Criterion (AIC)
and Correct Classification Rate (CCR) were considered
as the parameters for goodness of fit test for the models.
The -2Log (Likelihood) statistic measures how poorly a
model predicts an event of interest, the smaller the stat-
istic the better the model. The Cox and Snell R2 and
Nagelkerke R2 are coefficient of determination used to
estimate the proportion of variance in the dependent
variable which is explained by the independent variable.
The Nagelkerke R2 is an adjusted version of the Cox and
Snell R2. The AIC is also an estimator of the relative
quality of statistical models. The smaller the estimate,
the better the model. Another useful measure to assess
the utility of a logistic regression model is the Correct
Classification Rate (CCR).

Results
The baseline demographics, lipids and adipokine charac-
teristics were compared among the outcome group (PE
and No PE) (Table 1). The mean age of those with PE
was significantly higher than those without PE (35.1 vs
28.44 years; P < 0.0001); BMI was also significantly
higher in those who developed PE than in those who did
not (32.63 vs 24.99 kg/m2; P < 0.0001). The lipid profile
parameters did not show any significant difference be-
tween the PE group and those without PE, except HDL
which was significantly lower in the PE group compared
to those without PE (1.39 vs 1.569, p = 0.043) (Table 1).
Leptin (39.26 vs 18.46 ng/mL, P < 0.0001) was statisti-
cally significantly higher in the PE compared those with-
out PE. Similarly, resistin and visfatin were significantly
higher in the PE group compared to the normotensives
(p < 0.0001) while adiponectin was significantly lower in
the PEs compared to the non PEs (Table 1).
Performance of the screening results was examined

using the ROC curves. The areas under the ROC curve
and the sensitivities and specificities as well as threshold
points for the detection of PE are given in Table 2. In this
study, the accuracy with which the biochemical markers
are able to discriminate on the status of PE was evaluated.
Thus, in Table 2, the following adipokines with the corre-
sponding AUCs; Leptin (92.0%), Resistin (91.4%), and Adi-
ponectin (90.5%) have excellent accuracy level while
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Visfastin (77.1%) has fair accuracy level respectively of de-
termining the presence of PE per Table 2 ratings. Adipo-
nectin demonstrated sensitivity and specificity of 87.8 and
86% respectively with a cut-off point ≤50.55 ng/ml while
leptin showed both sensitivity and specificity of 92%, with
threshold of ≥27 ng/ml. Furthermore, Resistin showed
sensitivity and specificity of 94 and 91% respectively and a
cut-off point about 9 ng/ml, while visfatin had sensitivity
and specificity of 69 and 83% respectively with a threshold
of ≥6.67 ng/ml. This indicates that adiponectin, leptin,
resistin and visfatin are good predictors of PE (Table 2).
Additionally, a close look at the ROC plots (Fig. 1) re-

veals that all of them are far from the diagonal line which
represents 50% and therefore not random guessing but
significant. This suggests that they have high accuracy in
determining pregnancies that are likely to develop PE.
After controlling for BMI, none of those within the nor-
mal BMI category developed PE (Table 3); consequently,
no values for AUCs were recorded for all the adipokines
analysed. However, the overweight group showed higher
AUCs, sensitivities and specificities. The obese group
however showed reduced sensitivities and specificities.
These results points to possible influence of body mass
index on adiponectin leptin resistin and visfatin but it also
points to possible negative feedback mechanism in the
metabolism of these adipocytokine during pregnancy, but
more importantly BMI does not appear have effect on the
predictive ability of these signalling molecules of PE.
After controlling for family history of hypertension

which is a known confounding factor, there were

variations in the AUCs, sensitivities and specificities as
well as the threshold points for predicting PE but these
variations were minimal and the overall effect of the pre-
dictive abilities of these adipocytokines remained intact
(Table 4).
Multivariate analysis of individual adipokines as predic-

tors of PE is shown in Table 5. Models 1, 2, 3 and 4 in-
cluded adiponectin, leptin, resistin and visfatin respectively
as predictors whiles controlling for confounding factors like
age, parity, BMI, relative with hypertension, and family his-
tory of diabetes and preeclampsia. Model 1 with adiponec-
tin as a predictor was the best model based on the criteria
considered. This includes having the highest Nagelkerke R2

and CCR statistics of 95 and 95.26%, implying that adipo-
nectin is the best predictor of PE after controlling for the
confounders. Model 4 with visfatin as predictor had the
least predictive ability with Nagelkerke R2 and CCR statis-
tics of 89 and 91.58% respectively. The predictive ability of
all the models was generally good (Table 5).
Adiponectin, leptin, resistin and visfatin were found to

be significant predictors of PE in their respective models
(P < 0.05). Taking the reciprocal of the odds ratio, the
odds of PE increases by a factor of 1.1 for each unit de-
crease in adiponectin (Model 1). A unit increase in leptin
will increase the odds of PE by a factor of 1.15 (Model 2).
Also, a unit increase in resistin will increase the odds of
PE by a factor of 1.65 (Model 3) while visfatin increases
the odds of PE by a factor of 1.28 (Model 4).
Obesity with overweight as reference category under

BMI and Parity of four and above with parity one as ref-
erence category were found to be a significant con-
founders in all the four models. Age category above 35
years with age group 20 to 35 years as reference category
was also found to be significant in models 1, 3 and 4.
Adiponectin showed positive correlation with HDL and

negative correlation with TG and VLDL but these correla-
tions were very weak. Leptin and resistin also showed very
weak negative correlations with HDL, however, visfatin had
significant negative correlation with HDL. Adiponectin
correlated negatively with leptin, resistin, and visfatin.

Table 1 Mann-Whitney U test for base line biochemical markers and maternal characteristics for study participants

Var. BMI Age ADP LP RTN VF TG TC HDL LDL VLDL

PE No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes No Yes

Min. 18.9 27.1 16 24 17.7 15.2 2.7 9.9 1.3 4.0 0.3 0.5 0.5 0.5 2.4 2.6 0.1 0.1 0.2 0.2 0.2 0.2

Max. 37.3 37.3 41 46 258.2 90.6 40.7 41 12.4 13.9 11.2 19.4 3.3 3.4 9.6 9.3 3.4 3.4 7.8 7.8 1.5 1.4

Mean 25.0 32.6 28.4 35.1 83.6 39.3 18.5 36.3 6.4 10.2 4.4 7.4 1.7 1.6 5.8 5.9 1.6 1.4 3.8 4.0 0.8 0.7

LB 24.2 32.0 27.4 34.0 77.3 35.3 16.8 34.7 6.0 9.8 3.9 6.7 1.5 1.5 5.5 5.5 1.4 1.2 3.5 3.6 0.7 0.6

UB 25.8 33.2 29.5 36.2 90.0 43.2 20.2 37.9 6.8 10.7 5.0 8.0 1.8 1.8 6.1 6.3 1.7 1.7 4.1 4.4 0.9 0.8

P Value < 0.0001** < 0.0001** < 0.0001** < 0.0001** < 0.0001** < 0.0001** 0.86 0.826 0.043* 0.589 0.73

**significant at 0.01 level
*significant at 0.05 level
ADP Adiponectin, LP Leptin, RTN Resistin, VF Visfatin, TG Triglyceride, TC Total Cholesterol, LDL Low Density Lipoprotein Cholesterol, HDL High Density Lipoprotein
Cholesterol, LDL Low Density Lipoprotein, VLDL Very Low Density Lipoprotein Cholesterol

Table 2 AUC, Sensitivity, Specificity and threshold point for the
Adipokines in the pregnant women

Variables AUC (%) Sensitivity (%) Specificity (%) Threshold point

ADP 90.5 87.8 86 ≤50.552

LP 92 92.2 92 ≥ 27.273

RTN 91.4 94.4 91.4 ≥ 8.949

VF 77.1 68.9 83 ≥ 6.667

ADP Adiponectin, LP Leptin, RTN Resistin and VF Visfatin
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However, there were positive correlations between
leptin, resistin and visfatin (Table 6). These correla-
tions were very weak in those with normal weight but
more pronounced in the overweight and obese cat-
egories (Table 7). This reemphasizes the link between
adiposity and some of these adipokines.

Discussion
This study was aimed at estimating the level of adipo-
nectin, leptin visfatin, and resistin between 11 and 13

weeks of gestation and to evaluate the effectiveness of
using first trimester level of these biomarkers together
with maternal characteristics in predicting PE.
This study has shown that leptin was significantly

higher in those who subsequently developed PE com-
pared to those without PE. This is in consonance with
an earlier study which reported a rise in leptin levels
many weeks before the clinical diagnosis of PE [5]. This
finding is also similar to a report which indicated an im-
balance between adiponectin and leptin in the plasma of

Fig. 1 ROC curves for the adipokines. AUCs (%): ADP (95.0), LP (92.0) RTN (91.4) and VF (77.1) ADP = Adiponectin, LP = Leptin, RTN = Resistin, VF = Visfatin

Table 3 AUC, Sensitivity, Specificity and threshold point for levels of the Adipokines in the pregnant women controlling for BMI

Adipokine BMI Category Prevalence (%) AUC (%) Sensitivity (%) Specificity (%) Threshold point

ADP Normal Weight 0 – – – –

Overweight 23 97.7 100 97.7 ≤ 36.163

Obese 89 83.2 71.4 90 ≤ 44.980

LP Normal Weight 0 – – – –

Overweight 23 99.3 100 97.7 ≥ 27.245

Obese 89 70.7 61 80 ≥ 38.482

RTN Normal Weight 0 – – – –

Overweight 23 95.5 100 90.9 ≥ 8.949

Obese 89 93.5 93.5 70 ≥ 8.949

VF Normal Weight 0 – – – –

Overweight 23 89.5 84.6 90.9 ≥ 6.628

Obese 89 48.2 66.2 60 ≥ 6.243

ADP Adiponectin, LP Leptin, RTN Resistin and VF Visfatin
BMI classification: Normal Weight = (18.5–24.9 kg/m2), Overweight = (25.0–29.99 kg/m2), Obese = (Above 30.0 kg/m2)

Bawah et al. Clinical Hypertension           (2020) 26:19 Page 5 of 11



women with PE leading to elevated leptin and reduced
adiponectin levels; thus these two adipose-derived hor-
mones may be involved in the in the pathogenesis of PE
[26]. Similarly leptin has been reported to increase 78%
higher at 13 weeks of gestation in women who later de-
veloped PE compared to normal pregnant controls [27].
The risk of PE in women whose first trimester leptin
levels were ≥ 25 ng/ml were reported to have increased
about 18.8 fold compared to pregnant women whose first
trimester leptin were < 25 ng/ml [28]. Our results also cor-
roborate other studies which indicated that leptin rises be-
fore the clinical onset of the disease [10, 11]. The results
of this study and what has been previously reported give
an indication of the involvement of leptin in the pathogen-
esis of PE rather than an increase in leptin as a result of
reduced renal clearance. Hyperleptinemia has been re-
ported to increase renal tubular reabsorption of sodium
which then leads to water retention resulting in increased
blood pressure [29]. Additionally, placental leptin mRNA
production is up regulated by tumor necrosis factor
(TNF) - α and interleukin (IL)-6 and stimulate the pro-
duction of endothelin which is a vasoconstrictive peptide
[30]. The constriction of the blood vessels leads to high
blood pressure leading to PE.
In this study, first trimester adiponectin levels were

significantly lower in women with PE compared with the
control. This is similar to other studies suggesting that
adiponectin levels are inversely related to coronary ar-
tery disease but are not strongly related to blood pres-
sure values [31]. In another study, the median maternal
high molecular weight and low molecular weight adipo-
nectin concentrations were lower in patients with pre-
eclampsia than in those with normal pregnancies [32].
Previous reports have demonstrated lower first trimester
adiponectin levels in women who subsequently devel-
oped PE compared to their peers [33, 34]. This study is
however contrary to a report indicating that circulating
levels of adiponectin was increased in preeclamptic

patients compared with normal pregnant women [35, 36].
Another study showed that third trimester adiponectin
levels were elevated by almost 50% in women with pre-
eclampsia, as compared to their normotensive peers [37].
Similarly, a cross-sectional study has noted increased cir-
culating levels of adiponectin in women with preeclampsia
[36]. These increases which normally occur after first tri-
mester could be as a result of a compensatory feedback
mechanisms to the metabolically altered, anti-angiogenic
and pro-atherogenic state of severe preeclampsia [36].
The hypoadiponectinemia during first trimester of preg-
nant women who subsequently developed PE suggests the
involvement of this adipocytokine in the pathogenesis of
PE. Adiponectin gene expression is inhibited by β-
adrenergic stimulation, glucocorticoids and TNF-α [38,
39]. Pregnancy is an inflammatory state associated with
increased plasma TNF-α and this could lead to further de-
cline in adiponectin concentration. The increased level of
TNF-α results in elevated level of endothelin [30] which
constricts the blood vessels leading to high blood pressure
[30]. Available data suggests that adiponectin antagonizes
the production of angiotensin II [40], therefore with the
reduction of adiponectin, there will be overproduction
angiotensin II leading to high level of aldosterone. The in-
creased level of aldosterone leads to sodium and water re-
tention resulting in hypertension.
This study revealed significantly higher resistin levels

in the pregnancies that resulted in PE compared to those
without PE. This is similar to a previous study which in-
dicated increased levels of some selected adipokines in-
cluding resistin in preeclamptic pregnancies compared
to a healthy pregnant group [9]. However, other studies
did not show significant difference in resistin levels be-
tween women with preeclampsia and healthy pregnant
women [41, 42]. Some researchers have reported that
women with PE had resistin levels significantly lower
than normotensive women of the same gestational age
[14]. The rise in resistin levels months before the clinical

Table 4 AUC, Sensitivity, Specificity and threshold point for the Adipokines in the pregnant women controlling for those who have
relatives with hypertension

Prevalence (%) AUC (%) Sensitivity (%) Specificity (%) Threshold point

RWHP

ADP YES 73 83.6 84.2 78.6 ≤ 50.552

NO 38 92.2 84.6 95.3 ≤ 44.980

LP YES 73 90.6 89.5 92.9 ≥ 25.611

NO 38 92.2 94.2 91.9 ≥ 27.273

RTN YES 73 89.8 89.5 85.7 ≥ 9.012

NO 38 91.6 94.2 93 ≥ 8.949

VF YES 73 72.5 78.9 78.6 ≥ 6.349

NO 38 75.1 61.5 83.7 ≥ 6.667

ADP Adiponectin, LP Leptin, RTN Resistin and VF Visfatin, RWHP Relatives with hypertension
YES = those who have relatives with hypertension, NO = those who do not have relatives with hypertension
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diagnosis of PE is indicative of the involvement of resis-
tin in the pathophysiology of PE. Resistin concentration
in the blood has been found to be associated with coron-
ary artery disease [43]. Available data suggests that resis-
tin concentration in the blood is associated with many
inflammatory markers including C-reactive protein, sol-
uble TNF-α receptor-2, IL-6 and lipoprotein-associated

phospholipase A2 [43]. The rise in TNF-α receptor-2
and IL-6 concentration lead to increased level of
endothelin leading to high blood pressure [30].
Our study has shown that plasma visfatin was in-

creased significantly during PE. The increase in visfatin
during PE was evident from the first trimester indicating
the possible role of visfatin in the pathogenesis of PE.

Table 5 Multivariate analysis of clinical factors affecting preeclampsia

Model 1(ADP) Model 2(LP) Model 3(RTN) Model 4(VF)

P-Value OR OR
CI(95%)

P- Value OR OR CI
(95%)

P-Value OR OR CI
(95%)

P-Value OR OR CI
(95%)

Intercept 0.50 < 0.0001 < 0.0001 < 0.0001

ADP < 0.0001 0.93 (0.9, 0.96)

LP < 0.0001 1.15 (1.08, 1.22)

RTN < 0.0001 1.65 (1.3, 2.11)

VF 0.01 1.28 (1.07, 1.55)

Age Cat.

20 To 35 years

Above 35 years 0.04 8.86 (1.16, 67.68) 0.07 4.60 (0.88, 24.08) 0.01 6.25 (1.46, 26.69) 0.01 5.67 (1.41, 22.74)

Less than 20
years

0.89 1.39 (0.01,
135.01)

0.12 32.85 (0.41,
2604.47)

0.39 7.86 (0.07,
901.18)

0.12 27.92 (0.41,
1895.49)

BMI Category

Overweight

Obese < 0.0001 44.24 (7.5, 260.91) < 0.0001 20.43 (4.75, 87.87) < 0.0001 19.88 (5.06, 78.17) < 0.0001 26.52 (7.73, 90.98)

Normal Weight 0.16 0.12 (0.01, 2.29) 0.20 0.15 (0.01, 2.62) 0.10 0.08 (0, 1.67) 0.06 0.07 (0, 1.07)

Parity

1

2 0.84 1.18 (0.22, 6.41) 0.19 2.76 (0.6, 12.76) 0.08 4.00 (0.84, 19.14) 0.16 2.75 (0.67, 11.2)

3 0.02 11.34 (1.53, 84.29) 0.02 7.51 (1.29, 43.58) 0.13 3.73 (0.69, 20.11) 0.05 4.40 (0.99, 19.5)

> 4 0.04 9.07 (1.03, 80.17) < 0.0001 17.35 (2.72,
110.49)

< 0.0001 14.38 (2.45, 84.57) < 0.0001 12.19 (2.41, 61.59)

Family Hist. of Hyp.

No

Yes 0.19 2.93 (0.59, 14.48) 0.04 4.58 (0.97, 21.64) 0.10 3.84 (0.79, 18.77) 0.07 3.43 (0.89, 13.21)

Family Hist. of DM

No

Yes 0.40 2.23 (0.35, 14.34) 0.76 1.28 (0.26, 6.21) 0.72 0.75 (0.16, 3.53) 0.88 0.90 (0.21, 3.77)

Family Hist. of PE

No

Yes 0.79 0.82 (0.19, 3.52) 0.11 0.34 (0.09, 1.26) 0.22 0.45 (0.12, 1.62) 0.14 0.41 (0.12, 1.36)

Goodness of Fit Statistics

Model 1 Model 2 Model 3 Model 4

-2Log(Likelihood) 27.186 37.24 40.66 54.11

R2(Cox and Snell) 0.71 0.70 0.69 0.67

R2(Nagelkerke) 0.95 0.93 0.92 0.89

AIC 51.19 61.24 64.66 78.11

CCR(%) 95.26 93.16 92.63 91.58
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Visfatin is expressed abundantly in adipose tissue as well
as in the placenta and fetal membrane [44]. Median con-
centrations of visfatin during the second and third tri-
mester of normal pregnancy have been reported to be
higher than in the first trimester [45] further supporting
the fact that this protein is produced by the placenta and
the fetal membrane. Thus, it is possible that this normal
production of visfatin is regulated in such a way as to
support the growing fetus, however, in some pregnan-
cies; this supportive role of visfatin may be disrupted
leading to PE. Our results are similar to a report by
some researchers [46] which indicated that higher visfa-
tin levels were found in the PE compared to normal
pregnancy. One report indicated no significant differ-
ences between normal and pregnancies complicated by
preeclampsia [18] while another reported lower levels
[17]. The differences in visfatin levels during pregnancy as
reported by different researchers could be due to

differences in sampling methods, ethnic or geographical
differences and possibly the specific assay methods
employed. The findings in this study suggest a rise in vis-
fatin concentration before the onset of preeclampsia. The
potential of visfatin as a marker of preeclampsia especially
in obese women will require further evaluation using lar-
ger sample size. Such studies will provide further useful
information on prediction of this condition in order to
help initiate intervention programs to mitigate the effect
PE on maternal and fetal morbidity and mortality.
The fact that after controlling for family history of

hypertension (Table 4), the AUCs and the respective
sensitivities and specificities did not significantly change
indicate that these biomarkers are capable of independ-
ently predicting PE irrespective family history of hyper-
tension. Controlling for maternal weight (Table 3),
revealed that these adipokines are incapable of predict-
ing PE in women within the normal weight category
(BMI between 18.5–24.9 kg/m2), however the fact that
the overweight category (BMI; 25–29.9 kg/m2) per-
formed better in the predictive ability of these adipocy-
tokines than the obese group (BMI ≥30.0 kg/m2),
indicates possible negative feedback mechanism which
tends to reduce plasma concentration of these peptides
as weight increases beyond certain threshold. Further
studies with larger sample size are required to explain
this phenomenon. This study has shown that overweight
women are more likely to develop PE during the course
of the pregnancy than normal weight pregnant women
and corroborates an earlier study which indicated that
the risk of developing PE increases about two-to-three
fold in women with higher BMI [47] and also similar to
another study which associated higher maternal BMI to
a number of pregnancy complications including PE [48].
Furthermore, this study also agrees with previous report
demonstrating that risk factors for preeclampsia were a
maternal age of 35 years and above [49] as well as a BMI
greater than 30 kg/m2 [50]. The observation in this study
suggests the involvement obesity in the pathogenesis of

Table 6 Correlation among Adipokines and Lipids

Variables ADP LP RTN VF TC HDL LDL VLDL TG

ADP 1 −0.5403 −0.3807 −0.2399 0.0549 0.0531 0.0390 −0.0640 −0.0558

LP −0.5403 1 0.6667 0.5460 0.0629 −0.1333 0.0963 −0.0016 0.0092

RTN −0.3807 0.6667 1 0.4510 0.0911 − 0.1248 0.0671 0.0227 0.0395

VF − 0.2399 0.5460 0.4510 1 0.1928 −0.1527 0.1699 0.1252 0.1437

TC 0.0549 0.0629 0.0911 0.1928 1 −0.3359 0.8891 0.5973 0.5912

HDL 0.0531 −0.1333 −0.1248 − 0.1527 −0.3359 1 −0.3899 − 0.1508 −0.1335

LDL 0.0390 0.0963 0.0671 0.1699 0.8891 −0.3899 1 0.3370 0.3385

VLDL −0.0640 −0.0016 0.0227 0.1252 0.5973 −0.1508 0.3370 1 0.9794

TG −0.0558 0.0092 0.0395 0.1437 0.5912 −0.1335 0.3385 0.9794 1

Values in bold are different from 0 with a significance level alpha = 0.05

Table 7 Correlation of adipokines according to BMI category

BMI Category Variables ADP LP RTN VF

Normal Weight ADP 1 0.1259 0.0157 0.1568

LP 0.1259 1 −0.1357 0.305

RTN 0.0157 −0.1357 1 −0.426

VF 0.1568 0.305 −0.426 1

Overweight ADP 1 −0.6234 −0.3162 − 0.2106

LP −0.6234 1 0.5556 0.4342

RTN −0.3162 0.5556 1 0.3758

VF −0.2106 0.4342 0.3758 1

Obese ADP 1 −0.2559 −0.0167 0.031

LP −0.2559 1 0.5853 0.497

RTN −0.0167 0.5853 1 0.4751

VF 0.031 0.497 0.4751 1

Values in bold are different from 0 with a significance level alpha = 0.05
ADP Adiponectin, LP Leptin, RTN Resistin and VF Visfatin
BMI classification: Normal Weight = (18.5–24.9 kg/m2), Overweight = (25.0–
29.99 kg/m2), Obese = (Above 30.0 kg/m2)
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PE. Obesity impairs nitric oxide and endothelial dysfunc-
tion [51] and so in a situation where there is excessive
accumulation of fat in a pregnant woman it may lead to
hypertension and consequently PE could develop.
This study did not show any significant difference in

lipids between women who subsequently developed PE
compared to their peers with exception of HDL choles-
terol which was significantly lower in the PE group
(Table 1) compared to the normotensive group. The
finding in this study is contrary to a report by re-
searchers in Brazil who reported significant difference in
TG rich proteins (VLDL 1) and small dense lipoprotein
(LDL III) in women with PE compared to normal preg-
nant women [52]. Our results also differ from what was
reported in the Cape Coast in the central region of
Ghana in which the investigators reported significant
dyslipidemia in women with PE compared to women
without PE [21]. The differences could be due to differ-
ences in period of gestation during which sampling was
done. Samples for this study were taken before the onset
of PE while the samples for the other studies were taken
after the onset the disease. The fact that first trimester
lipids did not show any significant difference between
those who subsequently developed PE and those who
did not, suggests that the atherogenic lipid profile gener-
ally observed in pregnant women as reported by various
researchers may be insufficient in predicting the likeli-
hood of developing PE. It is however, possible that the
significantly lower HDL observed among those who sub-
sequently developed PE could be linked to the pathogen-
esis of the disease since lower HDL is a significant risk
factor for hypertension [53].
Taking most of the factors associated with PE and

adjusting for these potential confounding variables (age,
parity, BMI, family history of diabetes and preeclampsia),
adiponectin and resistin were found to be significant and
better predictors of PE than leptin and visfatin. Adipo-
nectin decreases the production of angiotensin II [40]
and thereby promotes high blood pressure while resistin
is associated with increases in TNF-α receptor-2 and IL-
6 [43], leading to increased level of endothelin which
constricts blood vessels and raises blood pressure [30].
Obesity and parity of four and above were found to be a
significant confounders for PE.

Study limitations
Limitations of the present study were the small sample
size and insufficient information about nutritional status
of participants. Leafy greens like spinach and klae as well
as berries and red beets have high potassium levels. Po-
tassium acts on the kidneys and facilitates excretion of
sodium through the kidneys thereby lowering blood
pressure. The small sample size may be insufficient in
drawing conclusion on the relationship between these

adipocytokines and preeclampsia and also the nutritional
status and medications could be not be controlled in
multivariate analysis.

Conclusions
Low adiponectin and high leptin, resistin and visfatin
were found to be significant predictors of PE with resis-
tin being the best predictor when stratified into the BMI
categories. However, adiponectin was the best predictor
after controlling for age, parity, BMI, and family history
of diabetes and preeclampsia.
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