
MATERNAL-FETAL MEDICINE

Gut satiety hormones and hyperemesis gravidarum

Aydin Köşüş1
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Abstract Hyperemesis gravidarum (HG) is described as

unexplained excessive nausea and vomiting during preg-

nancy. Some gut hormones that regulate appetite may have

important role in etiopathogenesis of HG and weight

changes during pregnancy. In this study, levels of gut

satiety hormones were evaluated in pregnant women with

HG.

Methods This prospective case–control study was con-

ducted in 30 women with HG and 30 healthy pregnant

women without symptoms of HG. Fasting venous blood

samples were taken from all subjects for measurement of

plasma gut hormone levels; obestatin (pg/mL), peptide YY

(PYY), pancreatic polypeptide (PP) and cholecystokinin

(CCK).

Results Plasma PYY and PP levels were significantly

higher in HG group. The most important parameter in di-

agnosis of HG was plasma PP level. Simple use of PP level

led to the diagnosis 91.1 % of HG cases correctly. The

single most important parameter in the prediction of HG

was also PP level.

Conclusion Anorexigenic gut hormones might have im-

portant role in etiopathogenesis of hyperemesis gravidarum

and weight changes during pregnancy.

Keywords Emesis � Gut hormone � Pregnancy � Weight

change

Introduction

Hyperemesis gravidarum (HG) is described as unexplained

excessive nausea and vomiting during pregnancy, leading

to fluid, electrolyte imbalance, nutritional deficiency and

weight loss. It occurs about 0.5–2 % of pregnant women,

and is the most common cause of admission to the hospital

in early pregnancy [1–3].

Many etiopathogenic factors have been considered for

HG, including endocrine–hormonal factors such as higher

levels of hCG, progesterone and thyroid hormones during

early pregnancy, hepatic dysfunction, changes in lipid

metabolism, upper gastrointestinal system dysmotility, and

psychological factors. However, no specific causative fac-

tor has been established [1–4].

The regulation of body weight is under homeostatic

control. But in especially early pregnancies this home-

ostasis may change towards negative energy balance. Ap-

petite is affected by many factors including the hormones.

The gastrointestinal–pancreatic system (GIS) is a sig-

nificant endocrine organ in the body and it is the source of

important appetite-regulating hormones. There is a com-

munication between the GIS and appetite centers of central

nervous system (CNS) that occurs via the vagus nerve to

the brainstem, and via spinal afferents to the spinal cord

[5]. This gut–brain axis is important for appetite regulation

and has both neural and humoral components [6, 7].

Acyl-ghrelin, obestatin, cholecystokinin (CCK), pan-

creatic polypeptide (PP) and peptide YY (PYY) are some

of the appetite-regulating hormones secreted from GIS.

They act as meal initiators and terminators. Of these,
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ghrelin is the only known orexigenic gut hormone, whereas

the others are satiety factors.

Nowadays, some peripheral hormones secreted from GIS

which regulate appetite become popular. Most of the studies

on these hormones focused on their efficiency on treatment of

obesity. However, these hormones may also have important

role in etiopathogenesis of HG and weight changes during

pregnancy. Appetite hormones secreted from GIS could be

responsible from HG. In this study, levels of gut satiety hor-

mones were evaluated in pregnant women with HG.

Materials and methods

This prospective case–control study was conducted in-

volving 60 pregnant women in their first trimester of

pregnancy. The women were selected from the outpatient

clinic of Maternity Clinic and the in-patient wards of the

Hospital of Obstetric and Gynecology at Turgut Ozal

University Hospital between July 2012 and October 2013.

The patients were divided into two groups according to the

presence of HG. Thirty women with HG and 30 healthy

pregnant women without symptoms of HG were taken into

the study. HG was defined as persistent nausea and vom-

iting associated with ketosis and weight loss[5 % of pre-

pregnancy weight. Inclusion criteria were: singleton preg-

nancy with a live embryo, healthy women without any

medical disorders, age range between 18 and 35 years,

weight within 20 % of normal weight for height at the

beginning of pregnancy, and gestation time between 6 and

14 weeks. The exclusion criteria were: smokers or drug

users in the index pregnancy, cases with any systemic

disease and/or psychological disorder that can cause

vomiting, and multiple gestations. In addition, those

women with uncertain dates or early pregnancy loss were

also excluded from the study. All participants were fol-

lowed at least until the second trimester anomaly scan (at

20–24 weeks). Cases with any abnormality during preg-

nancy were excluded from the study. Approval for this

study was obtained from the Local Institutional Review

Board of the Faculty of Medicine, Fatih University. In-

formed consent was obtained from all participants.

All relevant data including demographic information

(age, gravida, parity, body mass index (BMI), obstetric his-

tory, gestational week) were collected for further analysis.

The gestational age was calculated by the modified Nae-

gele’s rule. Last menstrual period-derived gestational age

was compared with ultrasound-derived gestational age using

CRL [8] and if there was a marked discrepancy of 2 weeks or

more than the woman was excluded from the study.

Fasting venous blood samples were taken from all sub-

jects for measurement of plasma gut hormone levels;

obestatin (pg/mL), PYY (ng/mL), PP (ng/mL) and CCK (ng/

mL) levels by enzyme immunoassay (EIA). Serum TSH

(lIU/mL) level was measured by electrochemiluminescence

immunoassay (ECLIA); serum FT3 (pg/mL), serum FT4

(ng/dL); serum human chorionic gonadotrophins (serum

hCG) were measured quantitatively by the Sandwich prin-

ciple. Blood urea (mg/dL), serum creatinine (mg/dL), serum

sodium (mmol/L), serum potassium (mmol/L), serum glu-

cose, AST, ALT and complete blood count were also mea-

sured to detect the severity of emesis in addition to ketones in

a morning urine sample measured by urine stripes.

Statistical analysis

Data were analyzed with the SPSS software version 15.0

for Windows (SPSS Inc., Chicago, IL, USA). Groups were

controlled in terms of conformity to normal distribution by

graphical check and Shapiro–Wilk test. Median (IQR) was

used for groups that were not distributed normally. The

Mann–Whitney test was used to compare groups.

Mean ± SD and Student t test were used for groups that

were distributed normally. Receiver-operating characteris-

tics (ROC) curve analysis was performed to determine

cutoff points in prediction of HG. Logistic regression

analysis was done for determination of parameters that can

predict HG. p value of B0.05 was taken as significant.

Results

The study was conducted involving 60 pregnant women in

their first trimester of pregnancy. Thirty women with HG

and 30 healthy pregnant women without any HG symptoms

were entered the study. During follow-up period, 6 women

in the HG group and 14 women in the control group were

lost. The remaining 24 women with HG and 16 healthy

control were taken into the study.

Groups were compared with each other in terms of age,

gravida, parity, gestational age and BMI. There was no sta-

tistically significant difference between groups (p[ 0.05)

(Table 1). Mean weight of the women were 66.9 ± 12.2 and

Table 1 Distribution of demographic data according to the groups

HG (n = 24) Control (n = 16) p

Age (years) 28.00 ± 3.09 29.81 ± 3.04 0.075

Gravida (n) 1.5 (1–4) 2 (1–3) 0.436

Parity (n) 0.5 (0–3) 1 (0–2) 0.503

Gestational age (weeks) 9.76 ± 2.11 10.50 ± 1.73 0.527

BMIa (kg/m2) 24.7 22.5 0.061

BMIb (kg/m2) 23.1 24.8 0.205

a Body mass index at the beginning of the pregnancy
b Body mass index at the end of the 1st trimester
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63.0 ± 11.9 kg at the beginning of the pregnancy and during

the emesis period in the HG group, respectively.

The groups were compared with each other for plasma

GIS hormone levels. Plasma obestatin and CCK levels

were higher in HG group than control group. But this

difference did not reach statistical significance (p = 0.576

and p = 0.429, respectively). On the other hand, plasma

PYY and PP levels were significantly higher in HG group

(p = 0.030 and p\ 0.001, respectively) (Table 2).

ROC analysis was performed to find most effective

parameter in diagnosis of HG. The most effective pa-

rameter was plasma PP level (AUC = 0.911, p\ 0.001

and CI % 95 = 0.825–0.998) (Table 3). Simple use of PP

level led to diagnosis of 91.1 % of HG cases correctly.

Sensitivity and specificity values at different cutoff levels

of PP value are given in Table 4.

Logistic regression analysis was done to find most

effective parameter in prediction of HG. The analysis

revealed that the single most important parameter in the

prediction of HG was PP level (p = 0.009) (Table 5).

Discussion

The GIS is the largest endocrine organ of the body. More

than 30 hormone genes are expressed and more than 100

bioactive peptides are produced by the GIS [9]. In addition

to its digestive and absorptive functions, GIS also has an

important role in the energy balance via gut hormones.

There is a perfect interaction between GIS and the CNS to

control adjustments in food intake [10, 11]. Postprandial

satiety is regulated by a sensory system that communicates

between the gut and appetite-regulating centers in the

Table 2 Distribution of plasma

GIS hormone levels according

to the groups

HG (n = 24) Control (n = 16) p

Obestatin (pg/mL) 1.080 (0.184–10.500) 0.931 (0.013–4.241) 0.576

PYY (ng/mL) 1.200 ± 0.389 0.931 ± 0.341 0.030

PP (ng/mL) 1.127 ± 0.494 0.286 ± 0.256 \0.001

CCK (ng/mL) 11.644 ± 4.091 10.547 ± 4.489 0.429

Data were given as mean ± SD, median (min–max)

PYY peptide YY; PP pancreatic polypeptide; CCK cholecystokinin

p\ 0.05 is significant

Table 3 Effect of plasma gut

hormone levels in prediction of

HG

Variables AUC SE p Asymptotic 95 % confidence interval

Lower bound Upper bound

PYY 0.664 0.087 0.082 0.494 0.834

PP 0.911 0.044 \0.001 0.825 0.998

Obestatin 0.553 0.092 0.571 0.373 0.733

CCK 0.542 0.097 0.659 0.351 0.732

PYY peptide YY; PP pancreatic polypeptide; CCK cholecystokinin; AUC area under the curve; SE standard

error

p\ 0.05 is significant

Table 4 Sensitivity and specificity values of plasma PP at different

cutoff levels

Cut off Sensitivity Specificity

PP 0.086 1.000 0.375

0.301 0.958 0.500

0.372 0.917 0.562

0.468 0.875 0.688

0.549 0.833 0.750

0.683 0.792 1.000

0.939 0.708 1.000

1.020 0.667 1.000

1.099 0.542 1.000

1.155 0.500 1.000

PP pancreatic polypeptide

Table 5 Effect of plasma GIS hormone levels in prediction of HG

B SE p

PYY 4.123 2.452 0.093

PP -8.479 3.269 0.009

Constant 0.451 1.588 0.776

PYY peptide YY; PP pancreatic polypeptide
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brain, with the hypothalamus being the most important one

[12]. While release of satiety hormones from GIS occurs in

the postprandial state, secretion of the orexigenic hormone

occurs in the fasting state [13, 14]. So, understanding of the

gut–brain axis might be important in development of new

strategies for treatment and prevention of nutritional-ap-

petite disorders.

It has been shown by many studies that gut hormones

administered at physiological concentrations can influence

appetite in rodent models and humans [15–17]. Following

GI or bariatric surgery, circulating gut hormone levels are

changed [18, 19]. The reduction in appetite and body

weight, which are associated with GI or bariatric surgery

may be partly due to the changes in the release of some gut

hormones. Gut peptides are known to cross the blood–brain

barrier and induce changes in neural activation. They act

both indirectly on the vagus nerve and directly on target

areas of the hypothalamus [18–20]. Dysregulation in gut

hormone secretion could therefore be associated with HG.

In this study, we examined gut satiety hormones of GIS

in HG cases. Obestatin is one of them. It is produced in the

stomach and small intestine [21]. Obestatin opposes the

actions of ghrelin which increases appetite [22]. It is

originally produced from the same ghrelin gene. After

differential modification, obestatin and ghrelin which have

opposing action bind and activate different receptors [23].

Obestatin levels are lower in obese subjects when com-

pared with lean subjects, and hormone levels show a sig-

nificant increase in the obese patients 6 months after

gastric banding surgery [24]. In the study of Gungor et al.,

they measure serum obestatin levels in HG patients and

compare with normal pregnant women. They did not find

any difference between groups in terms of obestatin level

[25]. In this study, we found that although obestatin levels

were higher in HG women, this difference was not statis-

tically significant.

The other gut appetite-suppressing hormone, which we

studied, is PYY. It is secreted by the distal small intestine

and large intestine [26]. It inhibits appetite through feed-

back into the hypothalamus by binding to the hypothalamic

receptors [27]. In contrast to the anorectic effects observed

by peripheral and hypothalamic intra-arcuate PYY ad-

ministration, direct administration of PYY into the third

ventricle of the brain or paraventricular nucleus increases

in food intake [28, 29]. Therefore, PYY appears to have

differing effects on food intake depending on the site of

administration. High PYY levels have been linked to de-

creased appetite and food intake [30]. PYY is elevated in

patients with malabsorptive disorders and in patients with

anorexia nervosa [31, 32]. In humans, PYY infusion re-

duces appetite and food intake [15, 33]. PYY level is also

found to be elevated in HG cases [34]. In our study, we also

measured the PYY level and its level is significantly higher

in HG cases. So, it can be concluded that PYY might be

involved in pathophysiology of HG.

The other studied satiety hormone is PP. It is synthe-

sized by endocrine F cells of the pancreatic islets [26]. In a

similar manner to PYY, PP demonstrates differential ef-

fects on food intake depending on the site of administra-

tion. When given peripherally, it acts as an anorectic

hormone, whereas CNS administration stimulates food in-

take [35]. In normal-weight human subjects, intravenous

infusion of PP results in a 25 % reduction in daily food

intake [36]. In another study, exogenous infusion of peptide

YY decreased food intake by 36 % and decreased subjec-

tive hunger [33]. Circulating PP levels seem to be inversely

proportional to adiposity; higher levels are reported in

subjects with anorexia nervosa [37]. In this study, we found

that PP level was significantly higher in HG group. In re-

gression analysis, PP level predicted 91.1 % of HG cor-

rectly. All these mean PP might also be involved in the

pathogenesis of the HG.

CCK is another important appetite suppressant hormone

that was measured in this study. It is secreted postprandi-

ally predominately from the I cells in the duodenum and

jejunum [38]. It is reported to reduce food intake in humans

and rodents [39, 40]. CCK also coordinates the release of

digestive enzymes from the pancreas, stimulates gall

bladder contraction, increases intestinal motility and in-

hibits gastric emptying [41]. It mediates satiety by acting

on the CCK receptors distributed in the central nervous

system similar to other gut hormones. In our study, we

found that CCK level was higher in HG cases although the

difference was not statistically significant.

In normal physiology, the secretion of appetite-regulat-

ing gut hormones changes according to metabolic need.

The pregnancy itself might alter GIS hormone secretion. In

the 1st trimester, there is a negative energy balance which

could be induced by pregnancy-associated changes in GIS

function. It might be a protective mechanism for the fetus.

This is the time in which mother and fetus need no addi-

tional energy but they must be protected from any harmful

substance or deleterious agent to keep developing fetus

safe. After first trimester, organogenesis is completed and

physiological mechanisms are activated to increase ma-

ternal appetite for the contribution of adequate energy in-

take for the mother and fetus. Relation of gut hormones and

neonatal weight is demonstrated by the study of Val-

samakis et al. They showed that circulating maternal pro-

appetite gut hormone, active ghrelin is correlated positively

with neonatal visceral energy storage (as expressed by

neonatal waist) in the second and third trimester [42]. In

the study of Sodowski et al., they examined the patterns

of basal and postprandial plasma concentrations of certain

gut hormones affecting food intake. They demonstrated

that pregnant women with overweight and obesity exhibit
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significant changes in gut hormones affecting food intake,

and these changes might contribute, at least in part, to the

development of obesity in pregnancy [43]. These studies

together with ours prove the effect of GIS hormones on

maternal eating habits and weight changes.

Normally, release of gut satiety hormones is triggered

by the presence of food in the gut. But in HG cases

although fasting present, levels of PYY and PP were still

higher. This might be explained by slowing of transit time

of food in GIS during pregnancy due to effect of placental

hormones mainly progesterone. As the transit time in-

creases, prolonged presence of food in the gut might sti-

mulate long-term satiety hormone secretion. Most

prominent symptoms occur during first trimester of preg-

nancy. After first trimester, adaptation and desensitization

might develop and then symptoms decrease despite pro-

longation of transit time.

During pregnancy senses of smell and taste also change,

which may alter eating habits of pregnancy. Pregnant women

may produce more saliva, which may also changes appetite.

Excessive salivation might be perceived as continuous oral

feeding to initiate secretion of gut satiety hormones.

Another important point is that effect of these peptides

may be through an afferent gut–brain signal or efferent CNS–

gut route. As we mentioned before, some ‘gut’ peptides are

actually gut/brain peptides. So a change observed in appetite

and weight might be controlled by the enteroendocrine gut or

by the CNS or by both. Pregnancy may affect secretion of

these hormones both in peripheral and central way.

Brain sensitivity to the gut hormones may change in re-

lation to different physiological states, especially those that

involve changes in energy balance (e.g., fasting, obesity).

Energy balance is changed dramatically during pregnancy,

even it differs between trimesters. Pregnancy might alter

receptor number or structure of gut satiety hormones and

change sensitivity of CNS to secreted gut hormones.

HG is seen more frequently in women with undesired

pregnancy. Gut hormones act as neurotransmitters within

the central nervous system to control food intake. Their

levels might be dysregulated by stress. The hypothala-

mus is a crucial region for integrating signals from

central and peripheral pathways and plays a major role in

appetite regulation. Psychological stress (unplanned

pregnancy, marital problems or pregnancy itself) might

affect hormone levels in CNS starting an activation from

cortex to hypothalamus, brain stem, vagus nerve, ending

in the gut.

There are some limitations of our study. First is the

number of cases. Although we planned 30 cases for each

group, due to high drop out rate case group was formed

from 24, control group from 16 patients. This decreased the

power of the study. The other important limitation is that

we did not measure gut hormone levels at different

gestational ages. They could be measured and compared

with each other at first, second and third trimester to see

their relation with appetite changes as pregnancy progress.

Another deficiency of the study is that other satiety hor-

mones and appetite hormone were not measured. Their

measurement might be useful for the enlightenment of gut–

HG relation.

As a result, in this study, we investigated the role of

gut hormones on etiopathogenesis of HG and weight

changes during pregnancy. Some gut hormone levels that

increased during first trimester might be responsible from

the HG. They might be used as potential therapeutic

agents for eating disorders. Therapeutic use of antagonists

of some anorexigenic hormones could prevent nausea–

vomiting, increase appetite and lead to weight gain in

women with hyperemesis gravidarum. By this way, we

could be able to provide an effective medication to

pregnant women with HG. This would improve the

quality of life and would prevent high health costs due to

prolonged and recurrent hospitalization. The use of gut

hormones as therapeutic agents would have the advantage

of targeting only appetite control systems. Since these

hormones are present natively in the body, side effects

and desensitization due to long-term usage of these agents

would be less likely. Further work is required to fully

understand the multiple signals regulating appetite and

body weight.
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