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Analysis of GDF15 and IGFBP7 in Hyperemesis Gravidarum
Support Causality
Analyse von GDF-15 und IGFBP-7 bei Hyperemesis gravidarum
unterstützt Kausalhypothese
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AB STR AC T

Objective Hyperemesis gravidarum, severe nausea and vomiting in pregnancy, occurs in up to 2 % of pregnancies and
leads to significant weight loss, dehydration, electrolyte imbalance, and ketonuria. It is associated with both maternal
and fetal morbidity. Familial aggregation studies and twin
studies suggest a genetic component. In a recent GWAS, we
showed that placentation, appetite, and cachexia genes
GDF15 and IGFBP7 are linked to hyperemesis gravidarum
(HG). The purpose of this study is to determine whether
GDF15 and IGFBP7 are upregulated in HG patients.
Methods We compared serum levels of GDF15 and IGFBP7 at
12 and 24 weeksʼ gestation in women hospitalized for HG,
and two control groups, women with nausea and vomiting of
pregnancy (NVP), and women with no NVP.
Results We show GDF15 and IGFBP7 serum levels are significantly increased in women with HG at 12 weeksʼ gestation.
Serum levels of hCG are not significantly different between
cases and controls. At 24 weeks gestation, when symptoms
have largely resolved, there is no difference in GDF15 and
IGFBP7 serum levels between cases and controls.
Conclusion This study supports GDF15 and IGFBP7 in the
pathogenesis of HG and may be useful for prediction and
diagnosis. The GDF15-GFRAL brainstem-activated pathway
was recently identified and therapies to treat conditions of abnormal appetite are under intense investigation. Based on our
findings, HG should be included.
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Hyperemesis gravidarum – Übelkeit und übermäßiges Erbrechen in der Schwangerschaft – tritt in bis zu 2 % aller Schwangerschaften auf und führt zu erheblichem Gewichtsverlust,
Austrocknung, Elektrolytentgleisungen und Ketonurie. Sie ist
mit mütterlicher sowie fetaler Morbidität assoziiert. Familiäre
Aggregationsstudien und Zwillingsstudien deuten auf eine
genetische Komponente hin. In einer kürzlich publizierten,
genomweiten Assoziationsstudie konnten wir zeigen, dass es
einen Zusammenhang zwischen den Plazentations-, Appetitund Kachexie-Genen GDF-15 und IGFBP-7 und Hyperemesis
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gravidarum (HG) gibt. Ziel dieser Studie war es, zu prüfen, ob
GDF-15 und IGFBP-7 in HG-Patientinnen hochreguliert sind.
Methoden Wir verglichen die GDF-15- und IGFBP-7-Spiegel
in SSW 12 und 24 von Frauen, die wegen HG ins Krankenhaus
eingewiesen wurden, mit den GDF-15- und IGFBP7-Spiegeln
von 2 Kontrollgruppen (Frauen mit normaler Übelkeit und Erbrechen in der Schwangerschaft und Frauen ohne Übelkeit
und Erbrechen in der Schwangerschaft).
Ergebnisse Die GDF-15- und IGFBP-7-Spiegel von Frauen mit
HG waren in SSW 12 signifikant erhöht. Dagegen unterschied
sich der hCG-Serumspiegel nicht wesentlich zwischen Fällen

Introduction
Nausea and vomiting of pregnancy (NVP) affects 50–90 % of all
pregnant women [1]. Hyperemesis gravidarum, the most severe
form of NVP, occurs in 0.3–2 % of pregnancies and leads to significant weight loss, dehydration, electrolyte imbalance, and ketonuria [2, 3]. It accounts for 285 000 hospital discharges in the US
annually [4] and is associated with maternal morbidity such as
Wernickeʼs encephalopathy, [5] renal and liver function abnormalities, [6, 7] esophageal rupture, [8] and postpartum posttraumatic stress [9]. HG is associated with a 4-fold increased risk of adverse fetal outcome including low birth weight, intrauterine
growth restriction, preterm delivery, fetal and neonatal death,
and a 3-fold increased risk of neurodevelopmental delay in children [10, 11].
A variety of potential causative factors have been investigated,
with the primary hypothesis being overproduction of the pregnancy hormone human chorionic gonadotropin (hCG) [2]. There
has never been sufficient evidence to support the hCG theory
and a recent large retrospective cohort study provides strong evidence against it [12]. Using an existing cohort with well-defined
clinical criteria of intravenous fluid treatment for HG, we have successfully validated two candidate genes from our genome-wide
association study (GWAS) that are highly likely to play a role in
HG [13]. The two genes, GDF15 and IGFBP7, are both involved in
placentation and feeding behavior; they are also associated with
cachexia, a disease with similar symptoms to HG (nausea, vomiting, weight loss, anorexia, and muscle wasting) [14 – 19]. In addition, the GDF15 receptor GFRAL was recently identified and is localized in the brainstem where feeding behavior, nausea and vomiting are regulated [20]. The proteins encoded by the genes identified in our GWAS (GDF15, IGFBP7) are upregulated in early pregnancy and cause loss of appetite in animal models [14, 15, 17, 21,
22]. Herein we analyze these candidate genes/proteins linked to
HG to provide further evidence that they may ultimately serve as
biomarkers for prediction, diagnosis, and identification of novel
treatments.

und Kontrollen. In SSW 24 hatten sich die Symptome weitgehend gelegt, und es gab keine Unterschiede in den GDF15- und IGFBP-7-Spiegeln zwischen Fällen und Kontrollen.
Schlussfolgerung Diese Studie unterstützt die Hypothese,
dass GDF-15 und IGFBP-7 eine Rolle bei der Pathogenese von
HG spielen und dass sie bei der Vorhersage und Diagnose
nützlich sein könnten. Der GDF-15-GFRAL-Hirnstamm-aktivierte Signalweg wurde vor Kurzem identifiziert, und es wird
intensiv nach Therapien zur Behandlung von abnormen Essgelüsten geforscht. Vor dem Hintergrund unserer Ergebnisse
sollte HG ebenfalls einbezogen werden.

Materials and Methods
Serum cohort
The Clinical Gravidity Association Trial and Evaluation (CGATE)
programme was a prospective observational study. From November 2009 to December 2013, a total of 543 women were included
in the CGATE programme. Pregnant women had to be at least
18 years old and diagnosed with an intact pregnancy no later than
gestational week 13. They were followed up prospectively with an
optional visit at week 23 and a mandatory visit at the end of the
pregnancy. The study was approved by the Ethics Committee of
the medical faculty at Friedrich Alexander University of ErlangenNuremberg, Erlangen, Germany (#4176).
For the present study, the women were excluded in the following hierarchical order: 14 women had to be excluded because of
twin pregnancy; 11 women had to be excluded because they had
fetuses with structural anomalies, 15 women had to be excluded
because of abortion or stillbirth and 22 women had to be excluded because of insufficient documentation.
Women were asked to answer a structured questionnaire every
4 weeks beginning at study entry. These questionnaires included
prospective questions about nausea, vomiting, co-medication,
restless legs syndrome, depression and others. 389 of the remaining 481 women answered all questions about emesis from 12 to
24 weeks of gestation or had hospital stays because of hyperemesis gravidarum. Biomaterial was available for 354 of those. However, the commercial ELISA assay allows for 40 individual samples
run in duplicate. To avoid inter-plate variation, the study was limited to 40 participants that included all 11 women with HG, a subset of 9 women with NVP, and 20 women reporting no NVP, and
excluded the remaining 314 participants. Therefore, from the
354 patients, 11 patients (3 %) were hospitalized for HG and were
selected for the HG subgroup, 65 (18 %) reported no nausea/vomiting at any time point and among these, 20 were randomly selected for the NO NVP subgroup. For the NVP subgroup, 278
(79 %) of women reported NVP. Among the women reporting
NVP, 35 (13 %) of women reported nausea at all time points and
vomiting during at least one time point, and 9 women were randomly selected from these 35 women to participate in the NVP
subgroup. Thus the collective for analysis consists of 40 women
(Supplementary Fig. S1).
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Blood samples for serum analysis were taken prospectively at
the first visit (before 14 weeks) and second visit (20–24 weeks).
Serum samples were collected in serum blood tubes (Sarstedt
AG, Numbrecht, Germany). After centrifugation (2000 rpm,
10 min) serum samples were stored at − 80 °C until further use.

Detection of GDF15, IGFBP7, and hCG protein levels
in serum by ELISA
GDF15 and IGFBP7 protein levels in serum were measured at 12
and 24 weeks gestation in 11 patients hospitalized for HG prior
to 20 weeks, 9 patients reporting NVP, and 20 patients reporting
no NVP prior to 24 weeks, using the human GDF-15 ELISA kit
EA100484 (OriGene Technologies, Rockville, MD) and the Human
IGFBP7 ELISA kit MBS288255 (MyBioSource, San Diego, CA). Detection of hCG protein levels in serum were measured at 12 weeks
using the HUMAN HCG ELISA kit HC251F (Calbiotech Inc, El Cajon,
CA). Serum samples were diluted 1 : 20 in sample diluent buffer
and assayed according to the manufacturerʼs protocol. All assays
were performed in duplicate. Absorbance was measured at a
wavelength of 450 nm using a SpectraMax iD3 microplate reader
from Molecular Devices LLC (Sunnyvale, CA).

Statistical analysis of protein levels in serum
To determine whether the mean serum levels of GDF15 at 12 weeks
were significantly different between women hospitalized for HG,
women with NVP, and women with no NVP, the Kruskal-Wallis test
was used as the global test for the three groups HG, NVP and NO
NVP. Because the Kruskal-Wallis test was significant, a Wilcoxon
test between the separate groups was conducted.
To determine whether the mean serum levels of IGFBP7 at
12 weeks were significantly different between women hospitalized for HG, women with NVP, and women with no NVP, the
Kruskal-Wallis test was used as the global test for the three groups
HG, NVP and NO NVP. Because the Kruskal-Wallis test was significant, a Wilcoxon test between the separate groups was conducted.
To determine whether the mean serum levels of hCG at
12 weeks were significantly different between women hospitalized for HG, women with NVP, and women with no NVP, the

Kruskal-Wallis test was used as the global test for the three groups
HG, NVP and NO NVP. Because the Kruskal-Wallis test was not significant, no further tests were performed.
To determine whether there is a significant difference between
high and low serum levels of both GDF15 and IGFBP7 at 12 weeks
gestation with respect to hospitalization for HG and no HG, the
Fisherʼs exact test was used to analyze the significance of the difference between categories of high and low serum values in the
HG vs. no HG (combined NVP and NO NVP) groups.
To determine whether the mean serum levels of GDF15 at
24 weeks, when symptoms had lessened, remained significantly
different between women hospitalized in previous weeks for HG,
women with NVP, and women with no NVP, the Kruskal-Wallis test
was used as the global test for the three groups HG, NVP and NO
NVP. Because the Kruskal-Wallis test was not significant, no further tests were performed.
To determine whether the mean serum levels of IGFBP7 at
24 weeks, when symptoms waned remained significantly different between women hospitalized in previous weeks for HG, women with NVP, and women with no NVP, the Kruskal-Wallis test was
used as the global test for the three groups HG, NVP and NO NVP.
Because the Kruskal-Wallis test was not significant, no further
tests were performed.
Finally, a linear model was used to adjust for age, BMI, parity
and fetal sex.

Results
Cases hospitalized for HG have significantly higher
serum levels of GDF15 and IGFBP7, but not hCG
at 12 weeks gestation
To determine whether serum levels of GDF15 and IGFBP7 are
dysregulated in HG patients, we compared the levels of these
biomarkers in pregnant women with HG. We analyzed serum concentrations of GDF15, IGFBP7, and hCG at 12 weeks gestation in
11 women hospitalized for HG compared to 9 women with normal
nausea and vomiting of pregnancy (NVP), and 20 women with
no NVP (NO NVP). Demographic characteristics are shown in

▶ Table 1 Demographic characteristics of cohort with serum. Continuous variables.
Variable

Group

N

Maternal age

HG

11

20.0

25.5

29.0

28.8

31.5

38.0

4.8

0

NVP

9

26.0

29.0

31.0

30.2

32.0

33.0

2.2

0

20

22.0

29.8

34.0

33.4

37.2

42.0

5.2

0

NO NVP

BMI prepregnancy

Min

Q1

Median

Mean

Q3

Max

Sd

Missing

all

40

20.0

28.0

31.0

31.4

34.2

42.0

4.9

0

HG

11

15.0

21.0

22.4

23.6

26.4

32.9

5.2

0

NVP

8

22.2

24.3

25.5

26.0

26.6

34.0

3.6

1

NO NVP

18

18.7

21.6

23.0

23.3

24.7

27.9

2.4

2

all

37

15.0

21.7

23.7

24.0

25.6

34.0

3.8

3

HG = pregnant women hospitalized for HG ≤ 20 weeks gestation, NVP = pregnant women with normal nausea and vomiting of pregnancy,
NO = pregnant women with no NVP ≤ 24 weeks gestation
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▶ Table 2 Demographic characteristics of cohort with serum. Categorical variables
Variable

Levels

Parity

0

8

72.7

6

66.7

9

45.0

23

57.5

1

3

27.3

2

22.2

9

45.0

14

35.0

2

0

0.0

1

11.1

2

10.0

3

7.5

all

11

100.0

9

100.0

20

100.0

40

100.0

0

0.0

3

33.3

13

68.4

16

41.0

female

11

100.0

6

66.7

6

31.6

23

59.0

all

11

100.0

9

100.0

19

100.0

39

100.0

5

45.5

6

75.0

10

50.0

21

53.9

Fetal sex

Education

male

Junior high school

Smoking

%

NVP

%

NO NVP

%

n all

% all

High school

2

18.2

1

12.5

2

10.0

5

12.8

College

4

36.4

1

12.5

8

40.0

13

33.3

11

100.0

8

100.0

20

100.0

39

100.0

all
Marital status

HG

0

0.0

1

11.1

1

5.0

2

5.1

married/relationship

not married/no relationship

10

100.0

8

88.9

19

95.0

37

94.9

all

10

100.0

9

100.0

20

100.0

39

100.0

never

9

90.0

4

44.4

9

45.0

22

56.4

before

1

10.0

4

44.4

11

55.0

16

41.0

at present

0

0.0

1

11.1

0

0.0

1

2.6

10

100.0

9

100.0

20

100.0

39

100.0

all

HG = pregnant women hospitalized for HG ≤ 20 weeks gestation, NVP = pregnant women with normal nausea and vomiting of pregnancy,
NO = pregnant women with no NVP ≤ 24 weeks gestation

▶ Tables 1 and 2. The mean serum concentrations of GDF15 in

the three groups were HG = 15.8 (95 % Cl: 18.38, 13.23),
NVP = 10.45 (95 % Cl: 13.02, 7.87), and NO NVP = 10.56 (95 % Cl:
11.93, 9.2). The mean serum concentrations of IGFBP7 in the
3 groups were HG = 71.08 (95 % Cl: 87.57, 54.58), NVP = 44.05
(95 % Cl: 52.92, 35.18), NO NVP = 56.68 (95 % Cl: 68.85, 44.51).
The serum concentrations of GDF15 and IGFBP7 were significantly increased (p < 0.001, p = 0.002, respectively) in women
hospitalized for HG compared to women with NVP (▶ Fig. 1 a and
b). The serum concentrations of GDF15 were also significantly
higher in patients with HG compared to women with no NVP
(p < 0.001), but differences in serum levels of IGFBP7 did not
reach significance (p = 0.123). There was no difference in serum
GDF15 or IGFBP7 levels in patients with NVP compared to NO
NVP (p = 0.945, p = 0.274, respectively). Using the same samples,
the serum concentrations of hCG at 12 weeks gestation were not
significantly different between women with and without HG
(p = 0.142). In summary, GDF15 is upregulated in pregnancies affected by HG compared to both control groups, IGFBP7 is upregulated in HG compared to NVP, and hCG is not upregulated in HG
pregnancies compared to either control group. A linear model adjusted for age, BMI, parity, and fetal sex confirmed the abovementioned effects. GDF15 is upregulated in HG pregnancies compared to NO NVP on average 5.2 ng/ml (Supplementary Table S1)
and IGFBP7 is upregulated in HG pregnancies compared to NO
NVP on average 23.4 ng/ml (Supplementary Table S2).

Elevated serum levels of GDF15 and IGFBP7 combined
correlate with risk of HG
All 11 patients hospitalized for HG had serum levels of GDF15
> 10 ng/ml and 10/11 patients hospitalized for HG had serum levels of IGFBP7 > 60 ng/ml (▶ Fig. 2). We used these cutoff values to
determine whether the combination of elevated levels of both
GDF15 and IGFBP7 increased the risk of HG compared to no HG.
We divided the serum values into high (GDF15 > 10 ng/ml and
IGFBP7 > 60 ng/ml) vs. low (GDF15 ≤ 10 ng/ml and IGFBP7
≤ 60 ng/ml respectively) and compared them in patients with HG
versus no HG (NVP and NO NVP combined). High serum levels of
GDF15 and IGFBP7 were seen significantly more often in the HG
group compared with the no HG group (p = 0.000199).

GDF15 and IGFBP7 serum levels are no longer
significantly different at 24 weeks when
HG symptoms subside
To determine whether serum levels of GDF15 and IGFBP7 remain
dysregulated after HG subsides, serum levels were also compared
between the three groups at 24 weeks, when patients were no
longer hospitalized for HG. Serum levels were no longer significantly different between cases and controls at 24 weeks gestation
(▶ Fig. 3).
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Global test (Kruskal-Wallis), p < 0.001

Global test (Kruskal-Wallis), p = 0.028

Global test (Kruskal-Wallis), p = 0.142

15

10

5

100

hCG (mIU/ml) – 12 weeks

20

IGFBP7 (ng/ml) – 12 weeks

GDF15 (ng/ml) – 12 weeks

350000

80
60
40
20

250000

150000

50000
HG

NVP

NO NVP

Due to significance of the Kruskal-Wallis
test for GDF15, separate tests (Wilcoxon)
between the groups are calculated:

HG

HG

NVP

NO NVP

No significance in the Kruskal-Wallis test
for hCG so no further tests are done.

HG vs. NVP: p = 0.002
HG vs. NO NVP: p = 0.123
NVP vs. NO NVP: p = 0.274
Mean and 95% confidence limits for
IGFBP7 subgroups:

HG: mean = 15.8, 95% Cl: 18.38, 13.23
NVP: mean = 10.45, 95% Cl: 13.02, 7.87
NO NVP: mean = 10.56, 95% Cl: 11.93,
9.2

a

NO NVP

Due to significance of the Kruskal-Wallis
test for IGFBP7, separate tests (Wilcoxon)
between the groups are calculated:

HG vs. NVP: p < 0.001
HG vs. NO NVP: p < 0.001
NVP vs. NO NVP: p = 0.945
Mean and 95% confidence limits for
subgroups:

NVP

HG: mean = 71.08, 95% Cl: 87.57, 54.58
NVP: mean = 44.05, 95% Cl: 52.92, 35.18
NO NVP: mean = 56.68, 95% Cl: 68.85,
44.51

b

c

▶ Fig. 1 Serum levels of a GDF15 (ng/ml) and b IGFBP7 (ng/ml) and c hCG (mIU/ml) at 12 weeks gestation in women 1) hospitalized for HG (HG),
2) reporting NVP (NVP), and 3) reporting no NVP before 24 weeks gestation (NO NVP).

Discussion
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20

GDF15 (ng/ml)

This is the first study linking altered serum levels of GDF15 and
IGFBP7 to hyperemesis gravidarum and suggests a fascinating
paradigm shift away from the hCG hypothesis. Herein we provide
evidence of a role for GDF15 and IGFBP7 by showing they are dysregulated in HG pregnancies when symptoms peak, but not later
in pregnancy when symptoms subside. Another recent study of
791 pregnant women showed increased serum GDF15 levels, but
not hCG levels, were significantly associated with both second trimester vomiting and antiemetic use during pregnancy [23].
These results strongly support the recent GWAS findings implicating GDF15 (and IGFBP7) in the etiology and pathogenesis of HG
[13]. Conversely, hCG, which was the leading hypothesis for the
cause of HG, is not significantly different in cases compared to
controls at 12 weeks gestation. This is in line with a recent large
retrospective cohort study that found no evidence linking hCG
levels to HG [12]. Additional supportive evidence of a role for
GDF15 and IGFBP7 comes from previous studies showing they
are upregulated in early pregnancy when HG occurs, play critical
roles in placentation, decrease prior to miscarriage, and drive
stress-induced feeding behavior and cachexia, a disease characterized by symptoms similar to HG [14 – 20, 22, 24 – 26]. There is
also evidence that GDF15 plays a role in both familial and recurrent cases of HG, as genetic variants associated with increased
GDF15 levels have been shown to segregate with disease in HG

HG
NVP
NO NVP

15

10

5
20

40

60

80

100

IGFBP7 (ng/ml)

▶ Fig. 2 GDF15 (ng/ml) vs. IGFBP7 (ng/ml) scatterplot. Dividing
serum values into high (GDF15 > 10 ng/ml and IGFBP7 > 60 ng/ml)
vs. low (GDF15 ≤ 10 ng/ml and IGFBP7 ≤ 60 ng/ml respectively),
p-value is 0.000199, thus there is a significant difference for HG vs.
no HG in the categories high and low serum values.

families and to be significantly associated with risk of recurrence
[27]. While HG currently is a diagnosis of exclusion, the increased
serum levels of GDF15 and IGFBP7 may be useful in diagnosing

GebFra Science | Original Article

IGFBP7 (ng/ml) – 24 weeks

GDF15 (ng/ml) – 24 weeks

20
18
16
14
12
10

500
400
300
200
100
0

8
HG

NVP

NO NVP

No significance in the Kruskal-Wallis test
so no further tests are done.

a

HG

NVP

NO NVP

No significance in the Kruskal-Wallis test
so no further tests are done.

b

▶ Fig. 3 Serum levels of a GDF15 (ng/ml) and b IGFBP7 (ng/ml) at 24 weeks gestation in women 1) hospitalized for HG (HG), 2) reporting NVP
(NVP), and 3) reporting no NVP before 24 weeks gestation (NO NVP).

HG. The analysis of combined levels of both proteins resulted in a
highly significant predictor for HG, which suggests measuring the
levels of both proteins may be an effective clinical test to predict
and diagnose the disease. In the future, it may also be of interest
to measure these proteins in other cases of extreme nausea and
vomiting such as hydatidiform mole, which can also be associated
with hyperemesis [28].
Admittedly there are limitations to the study. First and foremost, the study included only 11 patients hospitalized for HG. A
significantly larger study comparing serum levels of HG patients
and controls at various time points in gestation is now warranted
to confirm the findings. In addition, while the association between
serum levels of GDF15 and IGFBP7 support causality, proof of
cause and effect requires more rigorous investigation.
Interestingly, while a 2.7 ng/ml increase in mean serum GDF15
levels (5.4 ng/ml cachexia vs. 2.7 ng/ml controls) is suspected to
initiate cancer cachexia, [18] herein we detected an increase in
mean serum levels of over 5 ng/ml (15.8 ng/ml HG vs. 10.5 ng/ml
NVP) in patients hospitalized for HG compared to normal NVP. Serum concentrations of GDF15 in cancer patients with cachexia are
significantly increased, even in the pre-cachetic state, and remain
relatively steady thereafter [18]. Our findings suggest a similar
upregulation of GDF15 production might be happening with HG
and warrants further investigation. Levels of GDF15 (and IGFBP7)
must be studied in early pregnancy to determine whether they
can be used to predict an HG pregnancy. Furthermore, the brainstem-restricted receptor for GDF15, GFRAL, was recently identified and the pathway is actively being studied to identify novel
therapeutic strategies for weight gain (and weight loss) [22]. Of
particular clinical interest, inhibition of GDF15 restored appetite
and weight gain in a mouse model of cancer cachexia [18]. If safe
in pregnancy, this approach may be applicable to treating HG. Finally, the findings herein suggest an answer to an age-old paradox. HG can lead to prolonged dehydration and undernutrition,
which can be detrimental to maternal and fetal health and can de-

crease reproductive fitness. It has been hypothesized that NVP
may be beneficial to avoid food that may be toxic to the fetus
[29]. Another theory is that decreased appetite leads to nutrient
deficiencies that signal increased growth of the placenta to maintain early pregnancy [30]. Whether either or both are true, the dual roles of GDF15 and IGFBP7 in placentation and feeding behavior
may provide a molecular explanation for why HG still exists in nature.

Conclusion
In conclusion, GDF15 and IGFBP7 are not just genetically associated with HG, but also, in this study serum levels are abnormally
high in hospitalized patients. In the future, GDF15 and IGFBP7 levels may be used to predict, diagnose, and develop new treatments for HG.
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