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Objective: To investigate the influence of thyroid hormones, beta human chorionic gonadotropin (3-HCG), and free B-HCG
(fB-HCQ) in the etiology of hyperemesis gravidarum (HG) and to determine the main hormone that is responsible for the
exacerbation of symptoms.

Materials and Methods: Serum thyroid-stimulating hormone (TSH), free triiodothyronine (fT3), free thyroxine (fT4), B-HCG,
and fB-HCG levels were measured twice (before and after hospitalization) in 55 patients with HG and measured once in 64
healthy controls. Serum hormone levels were determined using enzyme-linked immunosorbent assay.

Results: Decreased mean TSH and increased mean fT4 levels were found in the pre-treatment serum samples of the HG
group compared with the control group. Both differences were statistically significant (p=0.020 and p=0.007, respectively).
However, there was no statistically significant difference in mean T3, B-HCG, and {B-HCG levels between the pre-treatment
serum samples of the HG group and control group. We could not demonstrate any correlation between the levels of B-HCG
and thyroid hormones in the HG group; however, {3-HCG moderately correlated with fT4 levels (r=0.494).

Conclusion: The presence of hyperthyroidism was observed as the leading alteration in HG. In this study, {B-HCG was dem-
onstrated to have no direct effect on the etiology of HG; however, a possible indirect effect of {3-HCG in relation with thyroid
hormones was indicated. Hyperthyroidism was assessed to be primarily responsible for the symptoms in HG.
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Almost half of all pregnant women experience nausea and vomiting known as “morning sickness” in the first tri-
mester of pregnancy (1, 2). The condition generally starts between the 6" and 8" week and subsides at the end of
the first trimester or early in the second trimester (2, 3). Although the vast majority of pregnant women adapt to
the situation, in 10% of cases, nausea and vomiting can be severe, resulting in nutritional problems (3). Additional
symptoms may include weight loss, dehydration, electrolyte imbalance, hypochloremic alkalosis, and ketonuria.
This clinical situation, known as hyperemesis gravidarum (HG), if not treated, can lead to hepatorenal disorders,
locomotor system disorders, peripheral neuropathies, and degenerative encephalopathies (4-8). This clinical status
has been reported in 0.3-0.5% of all live births (1, 2). The etiology of HG is unknown; however, hormonal, meta-
bolic, neurotic, and psychosomatic disorders are thought to be the etiological factors (9-11).

In response to the metabolic needs of pregnancy, the basal metabolism increases and the thyroid gland enlarges,
resulting in increased hormone secretion (12-14). Increased thyroid activity during pregnancy is compensated
by a significant increase in the levels of circulating thyroxine-binding globulin (TBG) in response to high levels of
estrogen. As a result, a new equilibrium is established as the amount of the bound thyroid hormone is increased,
resulting in pregnant women to become euthyroid (Figure 1) (12-14). However, patients diagnosed with HG have
been shown to have a temporary clinical status of significant biochemical hyperthyroidism compared with the
controls (15-18). Non-specific symptoms seen in HG, such as tachycardia, nausea, vomiting, and fatigue, are in all
likelihood due to hyperthyroidism.

Thyrotropic substances secreted by the placenta, such as chorionic thyrotropin and human chorionic gonadotropin
(HCG), were also investigated for the increase in thyroid activity (2). As a consequence, studies reporting elevated
levels of beta HCG (B-HCG,) in patients with HG were published (19-22).

In general, unbound free fragments of hormones are expected to have both biological and physiological effects.
Therefore, increased free B-HCG (f-HCG) levels may be important in the emergence and course of HG (23). To
date, there have been very few studies investigating the relationship between f-HCG, {-HCG, other hormones,
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and serum macromolecules in patients with HG (24, 25). Con-
sequently, we investigated the effects of the thyroid hormones,
B-HCG, and {B-HCG and their possible interactions with each
other in the etiology of HG.

This study was based on the analyses of 55 women with first-
trimester singleton pregnancies, all of whom were hospitalized
after being diagnosed with HG between May 2008 and Decem-
ber 2011. The control group consisted of 64 healthy pregnant
women, who were referred to our outpatient clinic without any
complaints during the same period. The criteria for the diagnosis
of HG were vomiting more than three times a day, weight loss of
more than 5% of body weight compared with that at the onset of
pregnancy, and ketonuria of +3 in at least two randomly collected
urine samples. Patients with a history of liver, gastrointestinal tract,
or thyroid disease (overt hypothyroidism, nodular hyperthyroidism,
Graves’ disease, Hashimoto’s thyroiditis) or findings in the abdomi-
nal ultrasonography, thyroid ultrasonography, and liver function
tests suggesting these diseases were excluded. Patients with other
conditions or psychosomatic disorders that may cause nausea and
vomiting were also excluded from the study. A detailed medical
history was obtained, and a physical examination was performed
in all cases. Gestational ages of the participants were determined
from the last menstrual period. Gestational age was determined
with transvaginal ultrasonography for the participants who did not
know the exact date of their last menstrual period. The study was
conducted after obtaining the required ethics approval and a writ-
ten informed consent from all participants.

Peripheral venous blood samples were obtained from the patients
to determine the serum free triiodothyronine (fT3), free thyroxine
(fT4), thyroid-stimulating hormone (TSH), and {B-HCG levels. The
first sample was obtained on the day of admission. The second was
obtained on the day after the discontinuation of vomiting and when
nausea was experienced less than three times a day and ketonuria
could not be detected. At each time, 3 mL of peripheral venous
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blood was collected from the participant in the morning on an
empty stomach. Samples were obtained from the gestational age-
matched healthy pregnant control group once in the morning on
an empty stomach. Following admission, the patients were treated
with intravenous fluid replacement. Oral food intake was restricted.
Antiemetics (5 mg metoclopramide ampule, three times a day),
antihistaminics (25 mg meclizine tablet, two times a day), and vita-
min B6, to prevent Wernicke’s encephalopathy, were added to the
therapy. When the complaints of nausea and vomiting subsided,
the oral intake of small amounts of food was restarted at frequent
intervals, alongside the intravenous fluid replacement therapy. The
patients whose incidences of vomiting and nausea reduced to less
than three times a day and who were negative for ketonuria were
discharged.

For the measurements of serum fT3 and fT4 levels, an Immulite®
2000 xpi Immunoassay System (Siemens AG, Erlangen, Germany)
device was used, along with a separate enzyme-linked immuno-
sorbent assay (ELISA) kit for each analysis. The measurement of
serum TSH levels was performed with an Immulite® 2000 third
generation TSH ELISA kit. In total, 1.8-4.2 pg/mL, 0.8-1.9 ng/
dL, and 0.4-4 mIU/mL values were taken as reference values for
fT3, {T4, and TSH, respectively. For the measurement of -HCG
levels, a GWB-519AAA (Genway Biotech, San Diego, CA) ELISA
kit was used. A GWB-59616E (Genway Biotech, San Diego, CA)
ELISA kit was used for the measurement of {3-HCG levels.

Statistical analyses were performed using the Statistical Package
for the Social Sciences for Windows 17.0 (SPSS Inc.; Chicago, IL,
US). For the comparison of the continuous variables between the
two groups, depending on the distribution of the sample group,
Student’s t-test or Mann-Whitney U test was performed, as ap-
propriate. The chi-square test was used for the comparison of
categorical variables. Because the fT3, fT4, TSH, p-HCG, and
sp-HCG levels were not distributed normally, correlation analyses
with the Spearman’s rank correlation coefficient were considered.
Because gestational age, age, and body mass index were consid-
ered to have a possible unexpected effect as confounding variables,
analysis of covariance was performed to compare the data. A p
value of <0.05 was considered as statistically significant.

In the HG group, the patients’ age ranged between 18 and 36
years (mean: 26.54+4.64 years). The age of the patients in the
control group was between 19 and 37 years (mean: 28.18+4.88
years). The demographic characteristics of the HG and control
groups are shown in Table 1. There were no statistically significant
differences between the groups in terms of age, weight, height,
BMI, gravidity, parity, abortion, or gestational age.

In the HG group, 37 of the 55 patients (67.3%) had low levels of
TSH, 21 (38.2%) had high levels of fT3, and 16 (29.1%) had high
levels of fT4 compared with the reference values. The mean duration
of hospitalization was found to be 6.96+1.04 days in the HG group.

Pre-treatment TSH, T3, and fT4 values of the HG group were
compared with those of the control group (Table 2). TSH levels in
the HG group were found to be significantly lower, whereas T4 lev-
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Demographic characteristics of the study population

HG group Control group Significance
(n=55) (n=64)

Age (years) 26.54+4.64 28.18+4.88 0.183
Weight (kg) 56.79+10.25 61.59+11.60 0.093
Height (cm) 157.68+6.57 158.91+7.28 0.490
BMI (kg/m?) 22.76+3.31 24.34+4.06 0.102
Gravidity 2.79+1.55 2.85+1.42 0.857
Parity 1.21+£1.07 1.32+1.09 0.757
Number of 0.32+0.67 0.50+0.75 0.215
abortions

Gestational 9.18+1.93 6.96+£1.04 0.403

age (weeks)

Values are given as mean + SD
BMI: body mass index; SD: standard deviation

Differences between pre-treatment values of HG and
control groups

HG group Control group Significance
TSH 0.55+0.88 1.03+0.68 0.020
fT3 4.41+1.31 3.84+0.60 0.064
T4 1.72+0.53 1.38+0.20 0.007
B-HCG 7900+£17626 76079+24899 0.063
fp-HCG 114.14+60.36 116.56+76.5 0.892

Values are given as mean = standard deviation SD

fT3: free triiodothyronine; fT4: free thyroxine; TSH: thyroid-stimulating
hormone; B-HCG: beta human chorionic gonadotropin; f-HCG: free
beta human chorionic gonadotropin; HG: hyperemesis gravidarum; SD:
standard deviation

els were significantly higher than the control group (p=0.020 and
p=0.007, respectively). The difference between the two groups
in terms of mean fT3 levels did not reach statistical significance
(p=0.064). In the HG group, the difference in mean T4 levels
between pre- and post-treatment values was statistically significant
(p=0.019); however, the differences in mean TSH and T3 levels
were not statistically significant (Table 3). There was no statistically
significant difference between the post-treatment values of the HG
group and control group in terms of TSH, T3, and fT4 levels
(Table 4).

In addition, there was no statistically significant difference between
the groups in terms of mean fB-HCG levels. Although higher -
HCG values were obtained in HG patients than in the control
group, the difference in mean f3-HCG levels between both groups
did not reach statistical significance. We could not demonstrate a
strong correlation between B-HCG and TSH, T3, and T4 levels
in patients with HG. However, there was a weak inverse correla-
tion between fB-HCG and TSH levels, a weak correlation between
fB-HCG and fT3 levels, and a moderate correlation between ff3-
HCG and T4 levels in the HG group (r=—0.255, r=0.305, and
r=0.494, respectively).
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Differences between pre- and post-treatment values
in HG group

Pre-treatment Post-treatment Significance

values values
TSH 0.55+0.88 0.62+1.02 0.144
fT3 441+1.31 3.95+1.26 0.065
T4 1.72+0.53 1.56+0.59 0.019
B-HCG 87900+17626 94588+10249 0.034
f3-HCG 114.14+60.36 119.40+65.38 0.366

Values are given as mean + SD

fT3: free triiodothyronine; fT4: free thyroxine; TSH: thyroid-stimulating
hormone; B-HCG: beta human chorionic gonadotropin; f3-HCG: free
beta human chorionic gonadotropin; HG: hyperemesis gravidarum; SD:
standard deviation

Differences between post-treatment values of HG and
control groups

HG group Control group Significance
TSH 0.62+1.02 1.03+0.68 0.068
fT3 3.95+1.26 3.84+0.60 0.420
T4 1.56+0.59 1.38+0.20 0.671
B-HCG 94588+10249 76079+24899 0.002
fB-HCG 119.40+65.38 116.56+76.50 0.877

Values are given as mean + SD

fT3: free triiodothyronine; fT4: free thyroxine; TSH: thyroid-stimulating
hormone; B-HCG: beta human chorionic gonadotropin; f3-HCG: free
beta human chorionic gonadotropin; HG: hyperemesis gravidarum; SD:
standard deviation

Because the etiology of HG is uncertain and the mechanisms that
initiate the disease are not well known, endocrine and metabol-
ic disorders have been the subject of much research (9-11). The
theory put forward here was that patients with HG have elevated
B-HCG and {B-HCG levels, which stimulate the thyroid gland be-
cause of their similarity with Thyrotropin-releasing hormone and
induce a temporary clinical or biochemical hyperthyroidism.

Bouillon et al. (26) observed high {T4 levels in 25 (73%) of 33
cases with HG, with high fT3 levels in 11 (33%) of these, and
they reported that there was no TSH response after TRH injec-
tion. In that study, it was observed that hyperthyroxinemia was
cured in patients with HG within a few weeks after conservative
treatment, and it did not relapse in the latter weeks of pregnancy.
Similarly, in a study with 71 participants, Swaminathan et al. (27)
found elevated levels of fT4 in 1 of 3 and fT3 in 1 of 5 of the
patients with HG. They also reported high levels of HCG in the
group that displayed high levels of thyroid hormones.

In this study, although non-specific symptoms of hyperthyroidism
(such as vomiting and weight loss) were observed, no significant
clinical evidence of thyrotoxicosis was encountered. Two patients
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who were admitted after being diagnosed with HG had significant
goiters and because these two patients also had positive laboratory
findings of hyperthyroidism, they were excluded from the study.
In HG group, an increase in fT4 and fT3 levels and a decrease in
TSH levels were determined before treatment, which was consis-
tent with the findings of previous studies (15, 16, 18, 19, 27). In
addition, in the HG group, when pre- and post-treatment values
were compared, the main difference observed was in T4 levels.
fT4 levels were increased in the pre-treatment samples, causing
a drop in TSH levels. Because conservative therapy improved
TSH suppression, T4 levels decreased to normal values. In other
words, a clinical status of temporary biochemical hyperthyroidism
has been observed in patients, although they became euthyroid
after a conservative treatment. These findings are consistent with
those of previous studies (15, 16, 18). In patients with HG, the low
rate of increase in fT3 may be due to the fact that the disease is
an acute pathology. In cases of acute illness and malnourishment,
the peripheral conversion of T4 to T3 is decreased (28-30). In
our study, the increase in T4 was found to be more prominent.
Furthermore, the lack of significant symptoms of hyperthyroidism
in patients with HG may be due to relatively low levels of fT3; ad-
ditionally, in cases of hunger, it may be due to a reduction in the
concentration of thyroid hormone receptors (2).

Goodwin et al. (31) found higher levels of B-HCG in patients with
biochemical hyperthyroidism, and they reported that f-HCG levels
were correlated with the severity of vomiting. In a similar study,
Leylek et al. (32) have shown that fT3, T4, and B-HCG levels are
significantly higher in patients with HG than in the control group.
Hershman et al. (33) have demonstrated that B-HCG increases
the transport of cyclic adenosine monophosphate and iodine, and
it also accelerates cell growth in the Fischer rat thyroid cell line
(FRTL-5). The authors have shown that changes in the molecular
structure of B-HCG resulted in different degrees of stimulation of
the TSH receptors. However, our study revealed that although the
B-HCG levels were higher in patients with HG than in the control
group, the difference was not statistically significant. In addition,
no statistically significant difference was found between mean f3-
HCG levels of both groups. On the other hand, in the HG group,
there was a statistically significant difference between the pre- and
post-treatment values of -HCG, which are thought to be increased
because of the progress in pregnancy, but independent of the cur-
rent clinical situation. With respect to the correlation analysis of the
pre-treatment values in the HG group, a weak inverse correlation
was identified between {B-HCG and TSH levels, a weak correlation
was noted between fB-HCG and {T3 levels, and a moderate cor-
relation was demonstrated between fB3-HCG and T4 levels. The
lack of a statistically significant difference in {-HCG levels between
the groups prevents us from concluding that f3-HCG had a direct
effect on the increase of fT4; additionally, there was no corre-
lation between B-HCG and TSH and {T3 and T4 levels, which
contradicts the findings presented in previous literature (15, 16,
18). B-HCG has also been reported to have no direct effect on the
hypothalamus and pituitary gland.

One limitation of this study is the lack of measurements of TBG
and sex hormone-binding globulin levels; however, the homog-
enized study group is well investigated from an etiological point
of view, which is a strong aspect of this study.
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In conclusion, a clinical picture of biochemical hyperthyroidism
was observed in the HG group before treatment, and there were
no significant differences between the groups in terms of thyroid
hormones post-treatment. However, a rapid recovery of biochemi-
cal hyperthyroidism was observed in patients with HG after only
symptomatic treatment. Hyperthyroidism was determined to be
the primary cause of the symptoms of HG. In this study, it was
concluded that there was no evidence of -HCG in the etiology of
HG, and {B-HCG was found to have no direct effect on the etiol-
ogy or symptoms, although it had an indirect effect through the
thyroid hormones.

Ethics committee approval was received for
this study.

Written informed consent was obtained from patients
who participated in this study.
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