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Intrahepatic cholestasis of pregnancy (ICP) is a rare liver
disorder which usually manifests in the third trimester.1–5

ICP commonly presents with severe pruritus and elevated
liver function tests. The pruritus may precede physical or
laboratory abnormalities and is characterized by total body
itching with predominance for the palms and soles of the feet.
Skin lesions are generally absent, aside from excoriations
from scratching and symptoms are frequently worse at night.
Most patients are otherwisehealthy and the disorder resolves
days to weeks after delivery.1–3,6,7 For the pregnant
woman, ICP is typically a transient and benign process,
however, fetal complications include an increased risk of fetal

distress, spontaneous preterm labor, and unexplained
stillbirth.1,5,8–13

The incidence of ICP ranges from 0.5 to 1.8% in Europe, but
it is significantly higher in South America where Chile has a
reported incidence of up to 28%.2,3,14,15 In the United States,
the estimated prevalence of ICP is from 0.001 to 0.32%,
however, there is clear ethnic variation as the prevalence
may be as high as 5.6% in Hispanic populations.1,14–16 The
pathogenesis of ICP is multifactorial, involving genetic sus-
ceptibility, abnormalities in hormone metabolism, and pos-
sible environmental factors.3 Although the exact etiology of
ICP is unclear, the increased hormone levels in pregnancy
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Abstract Objective Intrahepatic cholestasis of pregnancy (ICP) is a rare liver disorder, usually
manifesting in the third trimester and associated with increased perinatal morbidity and
mortality. The hallmark laboratory abnormality in ICP is elevated fasting serum bile
acids; however, there are limited data on whether a nonfasting state affects a pregnant
woman’s total bile acids. This study assesses fasting and nonfasting bile acid levels in 10
healthy pregnant women after a standardized glucose load to provide insight into the
effects of a glucose load on bile acid profiles.
Study Design Pilot prospective cohort analysis of serum bile acids in pregnant women.
A total of 10 healthy pregnant women from 28 to 32 weeks’ gestation were recruited for
the study before undergoing a glucose tolerance test. Total serum bile acids were
collected for each subject in the overnight fasting state, and 1 and 3 hours after the 100-
g glucose load.
Results There was a statistically significant difference between fasting versus 3-hour
values. There was no statistically significant difference between fasting versus 1-hour
and 1-hour versus 3-hour values.
Conclusion There is a difference between fasting and nonfasting total serum bile acids
after a 100-g glucose load in healthy pregnant women.
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may have a strong influence on the disease process.1,2,16,17

There may also be subclinical physiologic cholestasis during
pregnancy, which is exacerbated in individuals with some
genetic or environmental predisposition.18

Elevation of total bile acids (TBA) is the most frequent
laboratory abnormality associated with ICP and is the most
sensitive marker for ICP.1,14,15,18,19 Bile acids are the end
products of cholesterol catabolism with their most recog-
nized functions being to aid in the digestion and absorption of
fatty acids in the intestine. Bile acids are actively secreted by
the liver into bile and stored in the gall bladder, which
secretes them into the lumen of the intestine after ingestion
of the meal. The efficiency of the hepatic clearance of bile
acids from portal blood maintains serum concentrations at
low levels in normal persons. Therefore, an elevated fasting
level, because of the impaired hepatic clearance, is a sensitive
indicator of liver disease.7,17,20,21 Followingmeals, serumbile
acid levels have been shown to increase only slightly in
normal persons, but markedly in patients with various liver
diseases, including cirrhosis, hepatitis, cholestasis, portal-
vein thrombosis, Budd-Chiari syndrome, cholangitis, Wilson
disease, and hemochromatosis.17,20,22

Despite the potential impact of bile acids on fetal morbidi-
ty and mortality, there is a paucity of information regarding
the temporal changes of serum bile acids during pregnancy.
This is confounded bynot only thewide range of values for the
diagnosis of ICP in the current literature, but also the fact that
the current reference ranges are generally for fasting values of
TBA and generally exclude values from pregnant sub-
jects.5,11,16,23–28 Confusing the situation further, while ele-
vated fasting serum bile acids is themost sensitive marker for
the diagnosis of ICP,manyobstetricians order serumbile acids
when the clinical suspicion for ICP arises and the patient is
very unlikely to be fasting.12,13 To understand ICP, it is
important to understand the relationship between fasting
TBA and nonfasting TBA in pregnant women. We sought to
determine the impact of a glucose load on the TBA levels in
healthy pregnant women and hypothesized that the non-
fasting state would transiently elevate TBA, which may com-
plicate the diagnosis of ICP.

Methods

This prospective pilot study evaluated the fasting and non-
fasting TBA levels of healthy pregnant women at Hennepin
County Medical Center, Minneapolis, MN from Septem-
ber 2012 to January 2013. This study was approved by the
Institutional Review Board (HSR number 12–3436). Women
were recruited for the study if theywere undergoing a 3-hour
glucose tolerance test.

Overall, 10 healthy pregnant women older than 18 years
with a singleton pregnancy who were undergoing a 3-hour
glucose tolerance test and confirmed to be fasting were
recruited and enrolled in the study. Pregnant women with
a history of liver disease or gall bladder disease, including
hepatitis, alcohol abuse, and history of gastric bypass surgery
or current unexplained pruritus were excluded. All women
were given a copy of the study consent form and written

informed consent was obtained. Those who met study inclu-
sion criteria also completed a short survey which collected
information on demographics and medical, surgical, and
family history.

Serum TBA levels were collected in the overnight fasting
state and then 1 and 3 hours after a 100 g glucose load. The
samples were then processed and stored at�20°C until all 10
recruited patients had delivered. The frozen serum samples
were analyzed via enzymatic colorimetric assay (ARUP labo-
ratories in Salt Lake City, UT) for the determination of TBA.
The TBA reference interval of 0 to 10 µmol/L was based on
fasting specimens.

Demographic and medical history data were summarized
and reported as frequencies and percentages or mean �
standard deviation (SD) as appropriate unless otherwise
indicated. Serum TBA levels were compared over time using
a repeated measures analysis of variance (ANOVA) model
assuming a compound symmetry covariance structure and
pairwise comparisons were conducted. As this was a pilot
study, p values were not adjusted for multiple comparisons.
All analyses were performed using SAS (Version 9.3, Cary, NC)
and p values < 0.05 were considered statistically significant.

Results

Characteristics of the 10 study participants are described
in ►Table 1. Of the participants, five (50%) were multiparous
and five (50%) were primaparous. The study population was
predominately Caucasian (40%) and the mean gestational age
at enrollment was 29 weeks þ 6 days (range, 28 weeks þ 1
day to 31 weeks þ 1 day). The mean gestational age at
delivery of the cohort was 39 weeks þ 4 days (range, 37
weeks þ 0 days to 41 weeks þ 3 days).

Mean serum TBA levels increased over time from 3.4 � 2.1
µmol/L at fasting, 4.2 � 2.5 µmol/L at 1 hour post glucose
load, and 5.6 � 3.7 µmol/L at 3 hours post glucose load
(►Fig. 1). Therewas a statistically significant change in serum
TBA levels over time (F2,18 ¼ 3.42, p ¼ 0.05). Specifically,
while the differences in serum TBA levels between the fasting
and 1 hour (p ¼ 0.36) and 1 and 3 hours (p ¼ 0.12) were not
statistically significant, the mean serum TBA levels at 3 hours
were statistically significantly higher than the fasting serum
TBA levels (p ¼ 0.02).

Discussion

Our pilot study investigated the effects of a glucose load on
serum TBA levels in healthy pregnant women. There is cur-
rently a lack of information regarding the effects of the non-
fasting state on serum TBA in pregnant subjects. Our study is
one of the first to compare fasting and nonfasting levels of TBA
in a healthy pregnant population in the United States. Our
results highlight the small, but statistically and likely clinically
significant difference in serum TBA between fasting and 3-
hour postglucose load samples in a small population of healthy
pregnant women. Barnes et al reported that in the healthy
nonpregnant population, TBA levels return to fasting levels
shortly after a meal,20 however, in our study, the mean TBA
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levels remained significantly higher than fasting values at 3
hours. This result is consistent with observations that normal
pregnancy is a cholestatic state, as it has been reported that up
to 40% of asymptomatic women may have a postprandial TBA

value > 10 µmol/L.16,29,30 Should postprandial serum TBA
levels be used to diagnose ICP? Our results indicate that
even in the healthy pregnant population, the postprandial
state affects serum TBA levels for hours. Fasting TBA levelsmay
be the most sensitive indicator of severe liver disease for
pregnant patients as postprandial levels may be elevated at
baseline.20,26 However, there may be a role for the interpreta-
tion of nonfasting TBA, as elevated TBA in the nonfasting state
from delayed clearance may be an early indicator of mild
disease.20,31

Overall, this pilot study, while small, suggests that in our
population the standard fasting reference ranges for serum
TBAs are appropriate. This is consistent with previous studies
to determine the reference range for total serum bile acids in
the pregnant population.16,26 This study also provides impor-
tant initial data on howa glucose load affects the range of bile
acids in the healthy pregnant population and it appears that
fasting serum TBA levels remain themost appropriate form of
evaluation. These data will assist in resolving the current
diagnostic dilemma with ICP, in particular, when should the
obstetrician obtain the specimen for serum TBAs as well as
how to determine the appropriate normal range in the
pregnant population. Further studies using a lipid containing
test meal would provide more physiologic data and a larger
study is needed to further support these findings.

Note
This article was presented as a poster at the 80th Annual
Meeting for the Central Association of Obstetricians and
Gynecologists, October 16 to 18, 2013.
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