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ABSTRACT
Objective: The primary objective of this study was to compare serum NPY and leptin levels between non-pregnant
and pregnant women in overall, non-obese, and obese subjects. The secondary objective was to compare these
peptides between non-obese and obese pregnant women.
Methods: Fasting venous blood was collected from non-pregnant women before open abdominal surgery and from
pregnant women when admitted to the delivery room during the latent phase of labor.
Results: There were 12 non-obese and 14 obese subjects in the non-pregnant group and 9 non-obese and 30 obese
subjects in the pregnant group. Systolic blood pressure (SBP) was comparable, but heart rate (HR) was higher in pregnant
compared to non-pregnant women. Mean±S.E.M serum NPY levels were lower in the pregnant than in the non-pregnant
group in overall (0.54±0.02 and 1.34±0.08, respectively), non-obese (0.53±0.05 and 1.23±0.14, respectively), and obese
(0.54±0.03 and 1.43±0.09, respectively) subjects (p<0.01 for all), but these were comparable between obese and nonobese pregnant subjects. Serum NPY was positively correlated with SBP (R=0.281, p<0.05), but negatively correlated
with HR (R=-0.324, p<0.01). Serum leptin levels were not different between pregnant and non-pregnant groups, but
were significantly higher in obese than non-obese pregnant subjects (p<0.001). Serum leptin levels were positively
correlated with body weight, BMI, waist and hip circumferences in overall and pregnant subjects (p<0.001 all).
Conclusion: In pregnancy, decreased NPY levels might be associated with inhibition of SBP rising as well as increased
HR. Leptin levels might not be associated with pregnancy, but associated mainly with obesity.
Keywords: Neuropeptide Y; Leptin; non-pregnant; pregnant women (Siriraj Med J 2018;70: 204-212)

INTRODUCTION
Pregnant state is related with an increase in gestational
weight gain (GWG) which is a unique and complex
biological phenomenon that supports the functions
of growth and development of the fetus.1 The mean
total GWG of normal weight adult women giving birth
to term infants, is from maternal, placental, and fetal
components, ranging from a low of 10.0 to a high of 16.7

kg.1 For maternal component, fat appears to be increased
in pregnant women, which preferentially deposits over
the hips, back, and upper thighs throughout pregnancy.2
Increased fat deposition leads to increased gene expression
and secretion of certain adipokines from adipose tissue
which are leptin and neuropeptide Y (NPY).3,4
Leptin is a peptide mainly produced and secreted
from adipose tissue into the circulation in proportion to fat
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storage.5-7 Leptin concentrations are positively correlated
with indices of obesity including body weight, BMI, and
waist and hip circumferences and is markedly increased
in obese humans and in various animal models of obesity
compared to controls or non-obese population.8-11 Leptin
acts as an afferent satiety signal to inhibit food intake12
and stimulates energy expenditure.13 In addition, leptin
was found to be involved in blood pressure regulation. It
increases sympathetic activity as chronic leptin infusion
causes an increase in mean arterial pressure (MAP) and
heart rate (HR) in mice.14,15 On the other hand, acute
and chronic leptin administration to rat aortic ring was
shown to increase nitric oxide (NO) production and
secretion leading to vasodilation.16,17 In a pathological
condition of obesity, chronic elevated serum leptin levels
(hyperleptinaemia)18 caused endothelial dysfunction and
impaired NO-mediated vasodilatory effect of leptin19
which led to increased blood pressure. The human placenta
has been shown to be a source of leptin synthesis and
secretion during pregnancy.20 A previous study reported
that circulating leptin levels and body fat were found
to be higher during the early and late trimesters of
pregnancy, than the pre-pregnant period20 suggesting
that the increase of this hormone might be from both
placental and adipose production.
Neuropeptide Y (NPY), a 36 amino acid peptide21,
is the most potent orexigenic factor in the hypothalamus
which increases body weight and adiposity by increasing
food intake.22 NPY levels in the circulation are also
found to be higher in obese than non-obese or normal
weight subjects.4 NPY has another function implicated in
cardiovascular regulation by modulating the sympathetic
nervous system including vasoconstriction and control
of heart rate and coronary blood flow.23 Elevated NPY
concentrations were also reported in hypertension.24
NPY induces vasoconstriction directly by activation of
its Y1 receptor, as well as indirectly by potentiating the
effects of ATP and norepinephrine (NE) on adrenergic
receptors.25 Furthermore, plasma NPY concentrations were
significantly correlated with BMI, waist circumference,
HR, systolic blood pressure (SBP), and diastolic blood
pressure (DBP).26
In summary, NPY and leptin are implicated in
the regulation of food intake, body weight control, and
cardiovascular modulation. The primary objective of
this study was to compare serum NPY and leptin levels
between pregnant and non-pregnant women categorized
into non-obese and obese subgroups. As pregnancy is
accompanied both by changes of adiposity and cardiovascular
events, comparisons of their levels within the same BMI
group might help to avoid the confounding effect of

205

Volume 70, No.3: 2018 Siriraj Medical Journal

obesity. Furthermore, the secondary objective of this study
was to compare serum NPY and leptin levels between
non-obese and obese pregnant women to investigate
the effect of obesity in pregnancy. Comparisons of these
hormones between non-pregnant and pregnant women
classified by BMI could reveal the changes of these peptides
without the confounding effect of obesity. The changes
of these peptides in pregnancy could probably explain
physiological changes during pregnancy.
MATERIALS AND METHODS
Subjects
The study protocols were approved by the Siriraj
Institutional Review Broad (Si 533/2009 for non-pregnant
and Si 545/2015 for pregnant subjects) of the Faculty of
Medicine Siriraj Hospital, Mahidol University, Thailand.
Informed consents were obtained from all participants
prior to the study. Sample size calculation for the
comparison between the mean of 2 independent groups
was obtained as follows: n = 2 (Zα∕2 + Zβ)2/((µ1-µ2)/σ)2,
where α = 0.05, 2 sided test, Zα/2 = 1.96, β= 0.2, Zβ =
0.842, σ = common SD, µ1-µ2 = difference in mean,
n = sample size per group. Sample size was obtained
from previously published papers as 12 per group for
NPY27 and 2 per group for leptin.28 In this study, there
were 65 subjects who were classified into the pregnant
group (n = 39) and the non-pregnant group (n = 26). For
the non-pregnant group, recruited subjects were female
patients undergoing open abdominal surgery. Phase of
menstrual cycle of non-pregnant women could not be
controlled because 23 subjects had myoma uteri and 3
subjects had adenomyosis which presented with irregular
menstrual cycle. Exclusion criteria included subjects who
underwent endocrine therapy (e.g., steroids, hormone
replacement therapy, and thyroxine therapy) and had
pregnancy, lactation, traumatic operation, malignancy
diseases, operations related to endocrine diseases, severe
abdominal inflammation, menopause, and/or hypertension.
For the pregnant group, subjects who underwent either
cesarean or normal labor, had antenatal care, and were
in labor at Faculty of Medicine Siriraj Hospital, were
healthy, and had age of at least 18 years old, gestational
age of at least 34 weeks, and singleton, were recruited
into this study. Exclusion criteria included subjects with
gestational hypertension, human immunodeficiency
virus (HIV) infection, type 1 or type 2 diabetes mellitus,
metabolic syndrome, hypertension, polycystic ovarian
syndrome, other endocrine disorders, previous history of
chronic diseases, smoking habits, malignancies, pre-term
membranes rupture, drug use that might affect blood
glucose and insulin levels, and drug administration for
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pre-term delivery risk and had fetuses with malformations
and fetal distress during delivery.
Demographic data of subjects
Age of subjects and body mass index (BMI) of the
non-pregnant group (range and median) were obtained
from questionnaires and medical records. BMI of the pregnant
women was calculated from pre-delivery body weight,
which was obtained from medical records when subjects
were admitted to the delivery room, subtracted by baby
weight, placental weight, and estimated amniotic fluid
weight. The estimated amniotic fluid weight was calculated
as 6% of the gestational weight gain obtained from medical
records as a previous study reported that amniotic fluid
accounted for 6% of the gestational weight gain.29 BMI of
both non-pregnant and pregnant women were classified
into non-obese (BMI < 25) and obese groups (BMI ≥
25) according to the classification of BMI for Asian
populations.30 Systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MAP),
and heart rate (HR) were measured by an automated
sphygmomanometer. There were 12 non-obese and 14
obese subjects in the non-pregnant group and 9 nonobese and 30 obese subjects in the pregnant group.
Blood collection
Fasting venous blood samples were collected in the
clot activator, silicone coated-tubes (BD Vacutainer®,
Becton, Dickinson and Company Franklin Lakes, NJ,
USA) during the fasting state from non-pregnant women
before open abdominal surgery and from pregnant
women when admitted to the delivery room during the
latent phase of labor. For all subjects, venous blood had
been drawn before intravenous fluid was given. Blood
samples were immediately kept in an ice bucket during
the transferring process and incubated at 4°C for 1 hour,
balanced weight, and separated by centrifuging at 3,000
rpm at 4°C for 15 minutes. Then, serum samples were
aliquoted and stored at -70°C, until analysis of serum
NPY and leptin.
Serum NPY and leptin measurement
NPY and leptin serum levels were measured by
commercial enzyme immunoassay (EIA) and enzymelinked immunosorbent assay (ELISA) kits (Phoenix
Pharmaceuticals, Burlingame, California, USA), respectively.
The protocol was done according to the manufacturer’s
procedures. The range of NPY detection was 0-100 ng/ml
and the minimum detectable concentration was 0.11 ng/ml,
with 100% and 14.3% cross-reactivity with neuropeptide
Y (human, rat, mouse, porcine) and neuropeptide Y

www.smj.si.mahidol.ac.th

(3-36) (human, rat, mouse), respectively. Leptin detection
range was 0.312-20.0 ng/ml, with 100% cross-reactivity
with human leptin. For NPY, intra-assay variation was
8.84% for pregnant subjects and 10.1% for non-pregnant
subjects, and inter-assay variation was 1.62%. For leptin
intra-assay variation was 5.73% for pregnant subjects
and 8.95% for non-pregnant subjects and inter-assay
variation was 1.39%. Samples were run in duplicate and
absorbance measured at 450 nm by Synergy HT MultiDetection Microplate Readers (BioTek Instruments,
Inc., Winooski, VT, U.S.).
Statistical analysis
Kolmogorov-Smirnov test was performed to test
normality of the data. For normally distributed data,
comparisons between the non-pregnant and pregnant
groups as well as the non-obese and obese pregnant
groups were performed by unpaired T-Test. Comparisons
of non-normal distributed data were performed with a
non-parametric test. Correlation coefficient was calculated
by using the 2-tails Pearson product-moment correlation
for normally-distributed data or the Spearman’s rank
correlation coefficient test for non-normally distributed
data. Data were presented as mean±S.E.M. Statistical
analysis was performed with PASW statistics 18.0 (SPSS
Inc., Chicago, IL, USA). A p-value less than 0.05 was
considered as statistical significance.
RESULTS
Demographic and clinical data
Demographic data of the subjects including age
and BMI are shown in range and median in Tables
1-4. Clinical data including SBP, DBP, MAP, and HR
compared between the non-pregnant and pregnant groups
in overall, non-obese, and obese subjects are shown as
mean±S.E.M. in Tables 1, 2, and 3, respectively, as well
as between non-obese and obese pregnant subjects in
Table 4.
DBP was significantly higher in pregnant than nonpregnant women in overall subjects (p<0.05) (Table 1) and
had a trend to be higher in pregnant than non-pregnant
women in non-obese (Table 2) and obese groups (Table
3). HR was significantly higher in pregnant than nonpregnant women in the overall (Table 1), non-obese
(Table 2), and obese groups (Table 3) (p<0.05 all). SBP
and MAP were significantly higher in obese than nonobese pregnant women (p<0.05) (Table 4).
Serum levels of NPY and leptin compared between
non-pregnant and pregnant women
Serum levels of NPY and leptin compared between
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non-pregnant and pregnant women in overall, non-obese,
and obese subjects are shown in Fig 1.
Serum NPY levels were significantly lower in the
pregnant group than in the non-pregnant group in overall
(p<0.001), non-obese (p<0.01), and obese (p<0.0001)
subjects (Fig 1). Serum leptin levels were not different
between the pregnant and non-pregnant groups in overall,
non-obese, and obese subjects (Fig 1).

Serum levels of NPY and leptin in pregnant women
compared between non-obese and obese subjects
Serum levels of NPY and leptin in pregnant women
compared between non-obese and obese subjects are
shown in Fig 2.
Serum NPY levels were comparable between
non-obese and obese pregnant women (Fig 2). Serum
leptin levels were significantly higher (p<0.001) in obese
pregnant women compared to non-obese pregnant women
(Fig 2).

TABLE 1. Clinical parameters of overall subjects compared between non-pregnant and pregnant women: number (n)
of subjects (%), age and BMI (range and median), SBP, DBP, MAP, and HR (mean±S.E.M). *p<0.05, ***p<0.001
Parameters

Overall subjects (n = 65)		

P-value

Non-pregnancy

Pregnancy

26 (40%)

39 (60%)

-

28-53

20-41

-

Age (median), year

45.0

28.0

-

BMI (range), kg/m2

17.5-44.0

18.8-38.8

-

26.3

27.5

-

SBP (mmHg)

118.1±2.0

118.2±1.0

0.956

DBP (mmHg)

72.8±1.7

77.1±0.8

0.026*

MAP (mmHg)

87.9±1.6

90.8±0.7

0.113

HR (bpm)

76.9±2.0

86.3±1.4

<0.0001***

n (percentage)
Age (range), year

BMI (median), kg/m2

TABLE 2. Clinical parameters of non-obese subjects compared between non-pregnant and pregnant women:
number (n) of subjects (%), age and BMI (range and median), SBP, DBP, MAP, and HR (mean±S.E.M). *p<0.05
Parameters

P-value

Non-pregnancy

Pregnancy

12 (57.14%)

9 (42.86%)

-

28-51

20-39

-

Age (median), year

43.5

27.0

-

BMI (range), kg/m2

17.5-22.8

18.8-22.3

-

20.6

21.7

-

SBP (mmHg)

117.3±3.9

114.4±2.4

0.812

DBP (mmHg)

70.6±2.2

74.4±1.8

0.239

MAP (mmHg)

85.0±1.8

87.8±1.7

0.935

HR (bpm)

81.1 ± 2.0

87.4 ± 1.8

0.034*

n (percentage)
Age (range), year

BMI (median), kg/m2
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Correlations between 2 factors
Correlations between serum NPY and leptin with
other factors in overall, non-pregnant, and pregnant
subjects are shown in Table 5.
Serum NPY levels were significantly positively
correlated with SBP (R=0.281, p<0.05), but significantly
negatively correlated with HR (R=-0.324, p<0.01) in

overall subjects. Serum leptin levels were significantly
positively correlated to body weight, BMI, and waist
and hip circumferences in overall and pregnant subjects
(R=0.470-0.628, p<0.001 all). Serum leptin levels had a
significant positive correlation with hip circumference
in non-pregnant subjects (R=0.480, p<0.05).

TABLE 3. Clinical parameters of obese subjects compared between non-pregnant and pregnant women: number (n)
of subjects (%), age and BMI (range and median), SBP, DBP, MAP, and HR (mean±S.E.M). ***p<0.001
Parameters

Obese subjects (n = 44)		

P-value

Non-pregnancy

Pregnancy

14 (31.82%)

30 (68.18%)

-

28-51

21-41

-

Age (median), year

43.5

29.0

-

BMI (range), kg/m2

25.2-44.0

25.1-38.8

-

29.1

28.1

-

SBP (mmHg)

121.8±3.2

119.3±1.1

0.482

DBP (mmHg)

74.6±2.3

77.9±0.9

0.208

MAP (mmHg)

90.4±2.5

91.7±0.7

0.610

HR (bpm)

72.1±2.6

87.5±1.4

<0.0001***

n (percentage)
Age (range), year

BMI (median), kg/m2

TABLE 4. Clinical parameters of pregnant subjects compared between non-obese and obese pregnant women:
number (n) of subjects (%), age and BMI (range and median), SBP, DBP, MAP, and HR (mean±S.E.M). *p<0.05
Pregnancy (n = 39)		

Parameters

P-value

Non-obese

Obese

9 (23.08%)

30 (76.92%)

-

20-39

21-41

-

Age (median), year

27.0

29.0

-

BMI (range), kg/m2

18.8-22.3

25.1-38.8

-

21.7

28.1

-

SBP (mmHg)

114.4±2.4

119.3±1.1

0.044*

DBP (mmHg)

74.4±1.8

77.9±0.9

0.076

MAP (mmHg)

87.8±1.7

91.7±0.7

0.016*

HR (bpm)

87.4 ± 1.8

87.5±1.4

0.137

n (percentage)
Age (range), year

BMI (median), kg/m2
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Fig 1. Serum levels of NPY and leptin compared between non-pregnant and pregnant women in overall, non-obese, and obese subjects.
Panels A and B show serum NPY and leptin, respectively. Values are expressed as mean±S.E.M. **p<0.01, ***p<0.001 compared between
non-pregnant and pregnant women.

Fig 2. Serum NPY and leptin levels in non-obese and obese pregnant
women. Values are expressed as mean±S.E.M. ***p<0.001 compared
between non-obese pregnant and obese pregnant women.

TABLE 5. Correlations between serum NPY and leptin with other factors in overall, non-pregnant, and pregnant
subjects.
R = correlation coefficient, SBP = systolic blood pressure, HR = diastolic blood pressure, BMI = body mass index,
*p<0.05, **p<0.01, ***p<0.001
Factors

Overall subjects

		

Non-pregnant subjects

Pregnant subjects

(n = 26)

(n = 39)

(n = 65)		

		

R

P-value

R

P-value

R

P-value

- SBP

0.281

0.012*

0.035

0.850

0.131

0.379

- HR

-0.324

0.004**

-0.149

0.415

-0.066

0.665

- Body weight

0.545

<0.0001***

0.296

0.218

0.590

<0.0001***

- BMI

0.583

<0.0001***

0.366

0.124

0.645

<0.0001***

- Waist circumference

0.470

<0.0001***

0.211

0.386

0.618

<0.0001***

- Hip circumference

0.628

<0.0001***

0.480

0.038*

0.663

<0.0001***

Serum NPY

Serum leptin
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DISCUSSION
This study focused on the comparisons of serum NPY
and leptin levels between pregnant and non-pregnant
women. During pregnancy, increased maternal adiposity
might lead to changes of NPY and leptin levels, therefore,
subgroup analysis by BMI classification was performed
in this study to decrease confounding effects of obesity
from pregnancy.
In this study, serum NPY levels were significantly
lower in pregnant than non-pregnant women. DBP and
HR were higher in pregnant than non-pregnant women
while SBP and MAP were comparable among groups.
Furthermore, NPY had a positive correlation with SBP
but a negative correlation with HR. These results suggest
that NPY levels in pregnancy were related to increased
SBP, but decreased HR. A decrease in NPY levels in
pregnancy might be associated with inhibition of SBP
rising as well as increased HR. During pregnancy, there
is a decrease in total peripheral vascular resistance31,32 due
to vasodilation of the renal and systemic circulation33,
although MAP is maintained34 because there is a rise in
blood volume and cardiac output by 30-50%.31,32 As NPY
has an effect to induce vasoconstriction, decreased NPY
levels in pregnant women might lead to vasodilation
in pregnancy to maintain uteroplacental circulatory
blood flow in order to meet fetal metabolic demands.35
The progressive increase in HR throughout pregnancy
peaking in the late third trimester, likely counterbalances
the vasodilation to maintain adequate cardiac output at
a functional level until delivery. However, our results
were inconsistent with previous studies showing higher
NPY levels in pregnant compared to non-pregnant
women. The inconsistency of the results might be due to
BMI mismatch, different number of subjects, sampling
population, and techniques used for analysis of NPY
levels. For BMI mismatch, subjects of this study were
classified into obese and non-obese as NPY levels are
changed according to obesity status4, while previous
studies did not categorize subjects into obese and nonobese subgroups.36,37 This might lead to unreliable results
of the previous studies. Furthermore, to eliminate the
confounding effect of obesity, the current body weight
of pregnant subjects was calculated from subtraction of
maternal body weight by baby weight, placental weight,
and amniotic fluid weight. For number of subjects, our
study had 26 non-pregnant and 39 pregnant subjects while
previous studies had 15 non-pregnant and 33 pregnant
subjects36 and 8 non-pregnant and 8 pregnant subjects37
which were lower than this study. For sampling population,
non-pregnant subjects of our study were recruited from
female patients undergoing open abdominal surgery.
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Twenty three subjects had myoma uteri and 3 subjects
had adenomyosis presented with irregular menstrual
cycle. On the other hand, other studies recruited healthy
non-pregnant subjects without declaration of menstrual
cycle. For the analytical methods of peptide concentrations,
NPY levels were determined in serum by EIA technique
in this study while in plasma by radioimmunoassay (RIA)
in previous studies.36,37 Furthermore, previous studies
found that an increase in NPY levels from stress38 as well
as preeclampsia37 was observed in platelet rich plasma
(PRP), but not platelet poor plasma (PPP), suggestive of
accumulation of the peptide in platelets.39 As NPY levels
were determined in serum in our study, NPY in platelets
could not be measured probably leading to lower NPY
levels than plasma.39
Serum NPY levels were comparable between non-obese
and obese pregnant women and there was no correlation
between NPY levels and obesity parameters including
body weight, BMI, and waist and hip circumferences in
this study. These results suggest that during pregnancy,
NPY levels might be associated with hemodynamic
regulation rather than obesity.
Serum leptin levels were not different between pregnant
and non-pregnant women but were higher in obese
compared to non-obese pregnant women. Furthermore,
serum leptin levels had positive correlations with body
weight, BMI, waist and hip circumferences. These results
suggest that leptin levels were obviously associated with
obesity rather than pregnant status. Our results were
inconsistent with previous studies showing increased
leptin levels in pregnant women than non-pregnant
women.20, 40 In a previous study, leptin levels of pregnant
women were reported without BMI matching at the
time of blood sampling to non-pregnant women. As
circulating leptin in pregnancy parallels the process of
fat accumulation and mobilization40, the increase in
adiposity in pregnant women could lead to increased leptin
levels in pregnancy. Our data supported the evidence
showing that adipose tissue, not placenta, is a major
source of circulating leptin production.41
In summary, this study revealed lower levels of
serum neuropeptide Y in pregnancy compared to nonpregnancy in both non-obese and obese subjects. Thus, we
postulated that, decreased neuropeptide Y levels during
pregnancy might contribute to a decline in vasoconstriction
leading to vasodilation. Serum leptin levels were higher
in obese pregnant than non-obese pregnant women with
comparable levels between BMI-matched non-pregnant
and pregnant women. Therefore, serum leptin levels were
associated with fat accumulation rather than a pregnant
state.
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One limitation of our study was that the exact
body weight of pregnant women during the time of
blood collection could not be obtained. However, the
estimated body weight of pregnant group is a better
representation of current BMI than pre-pregnant BMI
or BMI at early gestational age. Estimated amniotic fluid
weight used in this study was calculated from GWG instead
of ultrasonography and operative record. This is because,
in normal practice, the amniotic fluid measurement
was reported as low, normal, and high amniotic fluid
volume, not estimated into weight of amniotic fluid. As
a result, we could not obtain amniotic fluid weight from
this technique. Furthermore, this study recruited both
normal and cesarean delivery, so the measurement of
amniotic fluid during delivery was not applicable to all
subjects. Therefore, estimated amniotic fluid weight from
GWG might be the most convenient method in normal
clinical practice setting. Another study limitation was
that blood samples were collected before open abdominal
surgery or before delivery which might lead to increased
stress levels in the subjects. Another limitation of this
study was that non-pregnant subjects were not healthy
and had gynecological conditions including myoma
uteri and adenomyosis.
The strengths of this study were that subgroup
analysis of subjects into obese and non-obese was made
and the current body weight of pregnant women was
subtracted by baby weight, placental weight, and amniotic
fluid weight to reduce the confounding effect of adiposity
and GWG. The results of this study could be applied in
a clinical context as an abnormal increase in NPY levels
in pregnancy might lead to increased blood pressure
resulting in pregnancy-induced hypertensive diseases
including preeclampsia. Further studies will be needed to
reveal the effect of decreased NPY induced vasodilation
in normal pregnancy.
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