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Abstract

Background: Physiological changes that occur during pregnancy can influence serum lipid levels and laboratory
tests for renal function. Therefore, we established consecutive and reliable Rls for serum lipid and renal function indi-
ces for pregnant women in China throughout the entirety of pregnancy.

Methods: We included 120 healthy pregnant women who underwent a naturally conceived and uncomplicated
pregnancy and delivered a healthy singleton neonate. Serum samples were collected at ten time points (pre-preg-
nancy, gestational age < 8 weeks (W), 8W*H to 12W, 12W*H to 16 W, 16 W' to 20 W, 20 WH" to 24 W, 24 WH' to 28 W,
28WH" t0 32W, 32 Wt to 36 W, and 36 W' to 40 W) and analyzed for ten common serum lipid and renal function
analytes. RIs were calculated according to the International Federation of Clinical Chemistry and Laboratory Medicine
recommendations and compared with the established Rls for healthy adult women.

Results: During pregnancy, we observed significant increases in total cholesterol (TC), triglycerides (TG), high density
lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), apolipoprotein-A1 (Apo-AT), apolipopro-
tein-B (Apo-B), cystatin C (Cys-C), and estimated glomerular filtration rate (eGFR). We also observed clear reductions in
urea, creatinine (Crea), and uric acid (UA). Compared with the previously established Rls, the most significant misclas-
sifications were recorded for TG, Apo-AT1, Crea, and eGFR.

Conclusions: We successfully described key changes in serum lipid levels and renal function indices throughout
pregnancy. It is important to establish Rls for blood indices in women undergoing normal pregnancies during differ-
ent period of pregnancy to avoid the misdiagnosis of disease states.
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Introduction

Physiological alterations in organ function during a
normal pregnancy can exert considerable effects on
the results of many biochemical laboratory tests, thus
leading to deviations from the established reference
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increased hepatic synthesis and the reduced activity of
lipoprotein lipase [1, 2]. Pregnancy-induced physiologi-
cal changes in the kidney mainly include increased renal
plasma flow and glomerular filtration rate (GFR) [1, 2].
Measures of renal function, including serum creatinine
(Crea), urea, and uric acid (UA), are known to fall dur-
ing the first trimester due to the elevation of GFR, but
then remain steady in the second trimester, and increase
towards pre-pregnancy levels during the third trimester
[1, 3, 4]. Therefore, it is vital that we establish gestational
age-special RIs for women with normal pregnancies to
distinguish between normal physiological changes and
pathological conditions.

Previous studies have reported some region-specific
RIs for clinical chemistry tests for healthy pregnant
women during different stages of pregnancy [5-8]. For
example, a cross-sectional study, carried out in Zheng-
zhou city, China, divided 13,656 healthy pregnant women
into five gestational age groups, analyzed the results
of blood biochemistry tests in different groups, and
reported gestational age-specific RIs for 15 biochemi-
cal substances related to hepatic and renal function [7].
However, most of these studies did not recruit the same
group of women to perform consecutive laboratory tests
throughout the entire period of pregnancy. Very few
studies have collected blood samples from a consecutive
study population; moreover, these studies only involved
small sample sizes [6, 9].
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Given this lack of consecutive analysis, and the clear
heterogeneity evident in previous study populations,
we aimed to establish consecutive and reliable RIs for
pregnant women in China by analyzing the results of
biochemical indicators related to lipid metabolism and
renal function within the same group of healthy pregnant
women from pre-pregnancy and throughout the entire
duration of pregnancy.

Materials and methods

Study population

This was a prospective cohort study, carried out between
October 2016 and April 2018. We recruited all women of
childbearing age who completed pre-pregnancy exami-
nations, had recent pregnancy intentions, and volun-
teered to participate in this study at the Obstetrics Clinic
at Shengjing Hospital of China Medical University. As
seen in Fig. 1, 253 women of child bearing age expressed
an interest in participating in this study; of these, 247
were included in the final analysis (six women were
excluded because they did not conceive naturally within
three months or lost interest in the study). Based on this
cohort, we carried out a longitudinal study to investi-
gate the changes in blood indicators from pre-pregnancy
to delivery. All participants received oral and written
information relating to the study prior to participa-
tion and signed an informed consent form according to
the standards of the Helsinki declaration. The study was

Recruitment
N =253

6 women did not conceive
naturally within 3 months

247 women were included

3 incomplete pre-pregnancy examination results

28 miscarried (15 were spontaneous abortion, 13 were
induced abortion)

37 dropped out (25 were blood sample collection time
points that did not meet the requirements of this
study, 12 were actively withdrawn)

6 had twin or multiple pregnancies

38 had pregnancy-related complications (11 had GDM,
9 had gestational thyroid disease, 18 had preeclampsia)

12 were given penicillins

123 had a live birth |

H 3 infants had genetic diseases ]

120 women passed all inclusion and exclusion

criteria, were analyzed to establish reference intervals

Fig. 1 Flow chart of the selection of participants
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approved by the Ethics Committee of Shengjing Hospital
of China Medical University (Ethical reference number:
2017PS264K).

Inclusion criteria

Subjects were included if they met the following criteria:
(1) aged at least 18 years; (2) received normal laboratory
reports prior to pregnancy (liver, kidney, and thyroid
function tests; serum lipids; serum glucose; routine urine
tests; human immunodeficiency virus antibody; syphilis
antibody; hepatitis A antibody; hepatitis B serological
markers; and hepatitis C antibodies); (3) conceived natu-
rally within three months after pre-pregnancy examina-
tions, devoid of pregnancy-related diseases, and accepted
venous blood collection in strict accordance with birth
cohort standards; and (4) fetal ultrasound examination
was normal, and the newborn had no congenital diseases
during one year of follow-up after birth.

Exclusion criteria
Exclusion criteria were determined in accordance with
‘Defining, Establishing, and Verifying Reference Intervals’
in the Clinical Laboratory; Approved Guidelines (Third
edition) [10]. Subjects were excluded for the following
reasons: (1) excessive drinking (average alcohol con-
sumption > 30 g/day) or smoking (>20 cigarettes/day), or
the intake of drugs before and/or during pregnancy; (2)
hypertension (systolic blood pressure>140 mmHg and
diastolic blood pressure >90 mmHg) before and/or dur-
ing pregnancy; (3) body mass index (BMI)>28 kg/m?
or < 8.5 kg/m? before pregnancy; (4) blood transfusion or
blood donation within 6 months of pregnancy, or surgery
within 4 months before pregnancy; (5) a history of recur-
rent pregnancy loss (>3 consecutive losses), all types of
fertility treatments, known or initially diagnosed abnor-
malities of the uterus or tubes, or ongoing drug abuse;
(6) the use of medication within 2 weeks of blood collec-
tion; (7) diagnosed with cancer, impaired kidney func-
tion, diseases of the hepatic, endocrine, or cardiovascular
systems, or other chronic diseases before or during preg-
nancy; or diagnosed acute illnesses during pregnancy;
(8) a history of genetic disease; (9) complex pregnancies,
such as twin or multiple pregnancies; or (10) low birth
weight or preterm infants and 5 min Apgar scores<7.

As shown in Fig. 1, at the end of follow-up, after
excluding 127 participants, we included 120 women for
the establishment of RIs.

Estimation of gestational age

All participants received transvaginal ultrasonography
(GE Voluson E10, GE Healthcare, Solingen, Germany) at
7-12 weeks of pregnancy to accurately calculate the ges-
tational age. The calculation of gestational age was based

Page 3 of 13

on the following formula: gestational age =crown-rump-
length (cm)+6.5 [11].

Blood sample collection

For each of the enrolled pregnant women, we collected
3 mL of fasting venous blood at ten time points (pre-
pregnancy, gestational age <8 W, 8 W to 12 W, 12 W1
to 16 W, 16 W' to 20 W, 20 W' to 24 W, 24 W' to
28 W, 28 W' to 32 W, 32 W to 36 W, and 36 W*!
to 40 W). During pregnancy, the time interval between
two adjacent time points for blood collection was
4 weeks+2 days. Immediately after collection, blood
samples were placed into serum separation tubes and
centrifuged at 3500 g for 10 min. The samples were used
in laboratory tests immediately thereafter. All testing
indicators were determined within the stable period of
preservation. The remaining serum was stored at —70 °C
to await further analysis.

Laboratory analysis

Levels of TC, TG, high density lipoprotein
cholesterol(HDL-C), LDL-C, apolipoprotein-Al (Apo-
A1), Apo-B, urea, Crea, Cys-C, and UA were determined
in the serum samples using an Architect C16000 auto-
matic biochemistry analyzer (Name of Manufacturer:
Abbott Laboratories; Production Address of Manu-
facturer: 1385, Shimoishigami, Otawara-shi, Tochigi
324-8550, Japan; Registered Address of manufacturer:
100/200 Abbott Park Road Abbott Park, Illinois, 60,064
USA). The estimated GFR (eGFR) was calculated using
the equations from the Chronic Kidney Disease Epidemi-
ology Collaboration for Asians [12]. The analyzed param-
eters, with abbreviations, method characteristics, assay
coefficients of variation, and traceability data, are listed
in Table 1.

Statistical analysis

Statistical analyses were performed using SPSS ver-
sion 26.0 (SPSS Inc., Chicago, IL USA). The Kolmogo-
rov—Smirnov test was used to analyze the normality of
the quantitative data. Quantitative data that followed a
normal distribution were expressed as mean =+ standard
deviation, and that did not follow a normal distribution
were expressed as median (with inter-quartile range).
According to Clinical Laboratory Standards Institute
document C28-A3, differences in serum lipid levels
and renal function indices between groups were ana-
lyzed using the Kruskal-Wallis test with Dunn post hoc
tests (for continuous variables, R package FSA) [10].
RIs (2.5™ and 97.5™ percentiles for two-sided tests, 95"
percentiles for one-sided tests) with 90% confidence
intervals (CIs) for different gestational periods were
calculated. The non-parametric bootstrap method with
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Table 1 Performed tests, methods and analytical details

Analyte (abbreviation) Method CV% Traceability

Total cholesterol (TC) Cholesterol oxidase 091 NIST 911

Triglycerides (TG) Dissociated glycerine 1.01 NIST Glyceryl trioleate
Low density lipoprotein cholesterol (LDL-C) Selective solubility 372 NIST 911

High density lipoprotein cholesterol (HDL-C) PEG modified enzyme 1.34 NIST 911
Apolipoprotein A1 (Apo-AT) Immune transmission turbidimetry 1.11 WHO SP1-01
Apolipoprotein B (Apo-B) Immune transmission turbidimetry 144 WHO SP3-07

Urea Urease colorimetry 1.65 NIST SRM 912
Creatinine (Crea) Enzymatic method 0.89 NIST SRM 914a
Cystatin C (Cys-Q) Latex immunoturbidimetry 2.99 GBW(E) 090,437

Uric acid (UA) Uricase colorimetry 0.77 NIST SRM 913

The total analytical imprecision for the experimental method used to calculate the reference intervals is given for each assay as an averagevariation coefficient
(CV%) of two concentrations of internal controls through one year. Samples with preanalytic handling time longer than the stabilityin the blood (in days) at room

temperature were removed from the calculations

500 iterations was used in accordance with the Interna-
tional Federation of Clinical Chemistry and Laboratory
Medicine (IFCC) recommendations [13]. The one-way
ANOVA followed by Bonferroni adjustment was used
to compare difference of BMI in each stages, and Spear-
man’s rank correlation test was used to assess the rela-
tionship between BMI and weight gain in pregnancy.
P<0.05 was considered statistically significant.

Results

The mean age of participants was 30+ 3 years, and the
mean BMI was 21.1442.63 kg/m? pre-pregnancy. The
BMI during pregnancy was significantly larger than
that before pregnancy (all P<0.05). The distributions
and comparative analysis of BMI, serum lipid levels,
and renal function indices, between pre-pregnancy and
different gestational periods are presented in Table 2.
Compared with the pre-pregnancy values, most of the
parameters for each gestational age were significantly
different. Only a few test results did not change sig-
nificantly when compared between pre-pregnancy and
different gestational ages. The correlation relationships
between BMI, weight gain in pregnancy and serum
lipid level are listed in supplemental Table 1. Level of
serum TG was positively correlated with BMI and
weight gain during pregnancy. Level of serum HDL-C
was inversely correlated with BMI at <24 weeks of ges-
tation. The RlIs for each gestational period are shown in
Table 3 alongside the general established intervals. The
laboratory used reference values for healthy females
that were derived from WS/T 410-2013, WS/T 404.5—
2015, WS/T 463-2015 (Ministry of Health PRC), and
local recommendations [14—16].

Changes and Rls for serum lipid level

The trend for changes in serum lipid level are shown in
Fig. 2. The concentrations of TC decreased during the
first trimester but then increased until delivery. Median
TC values were significantly lower during pre-pregnancy
when compared to the second and third trimesters. TC
levels reached peak values at 36™ to 40 weeks of gesta-
tion (RI: 4.58-9.23 mmol/L); the mean TC level at 36™"
to 40 weeks of gestation was more than 1.5-fold higher
than that during pre-pregnancy.

TG showed a slight reduction at <8 weeks of gestation;
the median value was lower that during pre-pregnancy.
Levels of TG then increased rapidly until delivery; TG
was significantly higher after only 12 weeks of gestation.
The most significant misclassification occurred during
the third trimester, as the upper reference limit for our
results was threefold higher than the upper reference
limit for healthy adult women; this could cause more
than 90% of pregnant women to be excluded.

HDL-C and Apo-Al showed a similar trend, with con-
centrations beginning to become apparent at 8 weeks of
gestation and continuing to rise until delivery. The peak
concentrations of HDL-C and Apo-Al were approxi-
mately 1.5-fold higher than the pre-pregnancy level. The
misclassification rate for Apo-Al was approximately 90%
in the second and third trimesters.

The concentration of LDL-C remained within conven-
tional limits at <16 weeks, but then increased until deliv-
ery. LDL-C levels peaked at 36™ to 40 weeks of gestation;
the median value was approximately 1.5-fold higher than
the pre-pregnancy level.

Apo-B levels were low prior to pregnancy but then
increased slowly during pregnancy. Levels of Apo-B in
the first trimester were significantly lower than those
during pre-pregnancy, resulting in a misclassification
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Fig. 2 Distributions and changes of serum lipid levels. The ranges between the two dotted lines represent non-pregnant normal reference
interval. Apo-Al, apolipoprotein-A1, Apo-B, apolipoprotein-B, GO: pre-pregnancy, G1: <8 W, G2: 8 WF'-12 W, G3: 12 WH'-16 W, G4: 16 WH-20 W, G5:
20WH-24 W, G6: 24 WH-28 W, G7: 28 WHT-32 W, G8: 32 WH'1-36 W, G9: 36 WF'-40 W, HDL-C: high density lipoprotein cholesterol, LDL-C: low density
lipoprotein cholesterol, TC: total cholesterol, TG: triglycerides

rate of approximately 60%. Apo-B levels in the second Changes and Rls for indicators of renal function

trimester were similar to those prior to pregnancy and  The trends for change in renal function indicators are

were slightly higher in the third trimester than prior to  shown in Fig. 3. Urea and Crea showed a similar trend

pregnancy. for change; values throughout pregnancy were signifi-
cantly lower than those in pre-pregnancy. Both the levels
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of Urea and Crea fell significantly during the first trimes-
ter, and then remained relatively stable during the second
trimester. Urea fell to the lowest level at 127! to 16 weeks;
this was approximately half that of the pre-pregnancy
level. Crea fell to the lowest level at 20! to 24 weeks; this
was approximately two-thirds of the pre-pregnancy level.
Both indices subsequently increased slightly, although
the indices were still lower than the conventional inter-
vals in the third trimester.

Cys-C decreased gradually during the first trimester
and reached the lowest level at 8™ to 12 weeks. After
that, the level gradually increased and peaked at 36! to
40 weeks; this could have led to a misclassification rate
of 85.8%.

UA fell significantly during the first trimester, and
dropped to its lowest value at 8! to 12 weeks; this was
approximately three quarters of the pre-pregnancy level.
UA then increased slightly during the second and third
trimesters. Compared with conventional limits, the mis-
classification rates were less than 10% during the entire
pregnancy.

The level of eGFR showed a slight increase at <8 weeks
of gestation, and then rose to a median level of about
130 mL/(min-1.73m?) and remain stable. The level of
eGFR decreased slightly at 327! to 40 weeks, but not sig-
nificantly. This could cause more than 90% of pregnant
women to be excluded during 8™ to 40 weeks.

Discussion

Blood tests are often required throughout pregnancy to
identify pregnancy-associated complications that may
be harmful to pregnant women or fetuses. Correct and
appropriate RIs for pregnancy are vital for supporting
clinical decisions. This study successfully established
detailed RIs for ten laboratory blood tests across different
gestational ages during the entire pregnancies of women
who conceived naturally and experienced an uncompli-
cated pregnancy with the delivery of a healthy singleton
neonate. This made it possible for us to assess how these
analytes deviated from the established RIs of non-preg-
nant women.

Under the influence of altered endogenous synthesis,
transport mechanisms, and sex hormone concentrations,
serum lipid levels usually undergo a series of physiologi-
cal changes during pregnancy [17-19]. The changes in
lipid metabolism during pregnancy are characterized by
fat accumulation and increased tissue lipolysis, which are
physiologically necessary during pregnancy [20]. How-
ever, maternal lipid metabolism disorders have been
shown to be associated with an increased risk of multiple
adverse pregnancy outcomes, including gestational dia-
betes mellitus, gestational hypertension, preeclampsia,
and preterm delivery [21, 22]. Our present results showed
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that serum lipid levels increased to varying degrees dur-
ing pregnancy, with TG levels showing the most sig-
nificant changes. These results were consistent with the
trend for serum lipid concentration changes reported in
most previous studies [5, 8, 23].

The RIs for TC and TG increased significantly from the
second trimester to delivery, especially for TG; findings
which were consistent with those reported by previous
studies that were conducted in Denmark and China [8,
23].Using the established reference intervals for healthy
adult women, the overall percentage of out-of-range TG
values was approximately 93.6% in the third trimester.
TC is used for fetal cell membrane construction and acts
as a precursor for bile acids and steroid hormones. TG
is the energy depot for maternal dietary fatty acids [24].
Both TC and TG play an important role in the growth
and development of the fetus. However, our RIs for TG
were significantly higher in the third trimester than the
Rls in a previous study of Caucasian women that was car-
ried out in Denmark [8] and may be due to differences
in diet and environmental factors. To meet the increased
demand for sex steroids, the levels of TC, HDL-C, and
LDL-C all increase during pregnancy; this is because the
levels of precursor substrates also increase during preg-
nancy [2]. In the study, the concentrations of HDL-C and
LDL-C did not increase significantly during the first tri-
mester but began to increase slowly thereafter to reach a
peak before delivery; the levels at delivery were 1.5-fold
higher than those prior to pregnancy. HDL-C and LDL-C
also increased slightly during different periods of preg-
nancy, changes that were also reported by Friis et al. and
Ying et al. [5, 23].Apo-Al is necessary for normal HDL-C
biosynthesis, while Apo-B is the main protein compo-
nent of LDL-C and very low-density lipoprotein (VLDL)
[25, 26]. Our data showed that the trends for Apo-Al
and Apo-B were similar to those of HDL-C and LDL-C.
Furthermore, Larsson et al. indicated that the parallel
increase in both Apo-Al and Apo-B also reduced impact
on the Apo-B/Al ratio [6]. The 2019 ESC/EAS Guide-
lines refined and emphasized the importance of lipid
modification to reduce cardiovascular risk, with particu-
lar attention to BMI, TG, LDL-C, and Apo-B control [27].
Although most of these indicators increased significantly
during pregnancy, the ESC/EAS Guidelines still insist
that no lipid-lowering drugs should be administered
during pregnancy. Therefore, pregnant women should
pay attention to controlling the growth of index levels to
reduce the risk of cardiovascular diseases.

During normal pregnancy, the renal function of preg-
nant women also undergoes significant physiological
changes. Due to the effect of progesterone, the renal
calyceal and ureters of pregnant women undergo dila-
tion and consequential changes in metabolism. Previous
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studies indicated that pregnancy is associated with
changes in renal structure, an increase in blood volume,
and the release of specific hormones, all of which could
lead to changes in the GFR and the dilution of urea, Crea,
Cys-C, and UA in the serum [28]. The results of this study
suggest that the eGFR was at a high level throughout
pregnancy. Urea, Crea, and UA are the most sensitive and
appropriate indicators with which to measure renal func-
tion during pregnancy, and are all related to the num-
ber of gestational weeks [29]. By monitoring indicators
throughout the entirety of pregnancy, we found that the
levels of Urea and Crea decreased rapidly in the first tri-
mester, but increased slowly from 36™! to 40 weeks; these
findings were similar to those reported by Dai et al. and
Larsson et al. [6, 7]. This may be related to the reduction
of renal plasma flow during the third trimester of preg-
nancy when compared with pre-pregnancy levels [1]. In
addition, the levels of Cys-C decreased slightly during the
first trimester, but then increased, particularly during the
third trimester. This trend was consistent with a previous
study (7) although the RIs for our data were higher [7].
The levels of UA significantly decreased during the first
trimester, but then increased progressively with gesta-
tional age. Elevated concentrations of UA may be related
to alterations in the renal handling concentration of urate
and dietary changes, particularly during the third trimes-
ter [7, 9].

Some studies reported no physiological changes in
renal function indicators during pregnancy in women
with gestational hypertension [30]. However, in our
present study, we showed that both urea and Crea were
significantly lower in healthy pregnant women than the
RIs in healthy adult women. If pregnant women use
RIs designed for healthy adult women, then pathologi-
cal states of pregnancy-related diseases may be over-
looked. Therefore, the differences caused by physiological
changes during pregnancy should be fully considered
when establishing such Rls.

One of the strengths of our study is that it is features
a longitudinal design and analyzes the same cohort of
women at all time points. Compared with cross-sec-
tional studies, longitudinal studies are more suitable
for studying temporal changes of physiological param-
eters over different gestational ages. In addition, we
used strict inclusion and exclusion criteria to ensure that
the enrolled pregnant women all conceived naturally,
experienced uncomplicated pregnancies, and delivered
healthy singleton newborns. Furthermore, RI calcula-
tions were performed according to the IFCC and appro-
priate statistical analysis of reference values. Longitudinal
studies only require half of the sample size required for
cross-sectional studies in order to estimate gestational
age-specific percentiles with the same level of accuracy.
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Furthermore, the number of participants included in our
present research conformed with the minimum stand-
ards set by the IFCC. Clinical studies, involving a large
number of participants, are now needed to verify the RIs
of pregnant women.

Conclusions

In this study, we confirmed that pregnancy results in
changes in ten laboratory blood tests for serum lipid
levels and renal function indices. More importantly, we
conducted appropriate RIs for different gestational peri-
ods, and measured the proportion of pregnant women
that would be misclassified using RIs established for
healthy women. It is vital that we establish RIs for blood
indicators to be used in different periods of a normal
pregnancy.
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