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Abstract: This article evaluates the association of hepatic, renal, and
inflammatory biomarkers with changes in systolic (SBP) and diastolic
(DBP) blood pressure (BP) during healthy pregnancies.

A prospective cohort study with 225 healthy pregnant women was
conducted in Rio de Janeiro, Brazil. SBP and DBP were evaluated
throughout pregnancy (5th—13th, 20th—26th, and 30th—36th gestational
weeks) and were the outcomes. The following biomarkers were
measured at the first trimester and analyzed according to tertiles of
the sample distribution and were considered the main independent
predictors: alkaline phosphatase (ALP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), uric acid (UA), creatinine
(Cr), and C-reactive protein (CRP) concentrations. The statistical
analysis included 3 stages of modeling with the longitudinal linear
mixed-effects procedures: Model 1 was adjusted for gestational age and
quadratic gestational age; Model 2 included interactions between the
biomarkers and gestational age; and Model 3 was adjusted for self-
reported skin color, education, parity, early-pregnancy body mass index
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(BMI) (under/normal <25; overweight/obese >25kg/m?), smoking
habit, and leisure-time physical activity. Additional models were per-
formed for CRP and UA with the inclusion of interaction terms between
the biomarkers and BMI.

Women classified in the third tertile of the ALP (>61.1U/L;
Bspp=3.474; 95% confidence interval [CI]: 0.955-5.992;
Bpep = 3.291; 95% CI: 1.098-5.485), ALT (>14.3 U/L; Bspp =2.232;
2.232;95% CI: 0.221-4.242; Bppp = 2.355; 95% CI: 0.721-3.989), and
Cr values (>48.6 pumol/L; Bppp=1.927; 95% CI: 0.347—3.508) pre-
sented higher BP levels during pregnancy compared to those in the first
and second tertiles. Women in the highest tertile of the ALP concen-
tration distribution presented a lower rate of change in SBP and DBP
during pregnancy (interaction term with gestational age Bsgp = —0.004;
95% CI: —0.007 to —0.001; P =10.02; Bppp = —0.003; 95% CI: —0.006
to —0.001; P=0.01). Higher UA concentrations were associated with
higher SBP levels only in overweight/obese women (3 =3.878; 95%
CI: 0.687-7.068), whereas higher CRP concentrations (>2.6mg/L)
were associated with higher DBP in under/normal weight women
(B =2.252; 95% CI: 0.267—4.236).

ALP, ALT, and Cr concentrations were positively associated with
BP levels, whereas ALP was associated with a lower rate of change in
BP. The associations of UA and CRP with BP differ according to the
early-pregnancy BMI.

(Medicine 94(20):¢683)

Abbreviations: ALP = alkaline phosphatase, ALT = alanine
aminotransferase, AST = aspartate aminotransferase, BMI = body
mass index, BP = blood pressure, BRAIN = Basic Research and
Advanced Investigations in Neurosciences, CI = confidence interval,
Cr = creatinine, CRP = C-reactive protein, DBP = diastolic blood
pressure, HDP = hypertensive disorders of pregnancy, IQR =
interquartile range, LMEs = longitudinal mixed effects, LTPA =
leisure-time physical activity, PE = preeclampsia, SBP = systolic
blood pressure, SD = standard deviation, UA = uric acid.

INTRODUCTION

P regnancy induces significant adjustments in the cardiovas-
cular system to provide an adequate blood supply for fetal
development.' Some studies have shown that the blood pressure
(BP) changes significantly during a healthy pregnancy, that is,
the levels decrease from the first to the second trimester
followed by an increase until delivery.'”> Factors such as
maternal age, parity, and body mass index (BMI) have already
been reported to be associated with BP levels during normal and
complicated pregnancies.®” The lack of a drop in BP during
mid-pregnancy may be a maladaptive process, whereas women
who develop hypertensive disorders of pregnancy (HDP) may
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present progressive increases in BP levels throughout preg-
nancy.

Although the pathophysiology of HDP is still incompletely
understood, endothelial dysfunction, characterized by an
imbalance between endothelial-mediated vasodilatation and
constriction due to decreased nitric oxide bioavailability, may
participate in the pathogenesis of HDP.®” Previous studies have
shown that inflammatory markers® and hepatic’ and renal func-
tion'? are associated with HDP. Some of these biomarkers, such
as C-reactive protein (CRP), alkaline phosphatase (ALP), and
uric acid (UA), have been reported to be associated with HDP.
However, there is still scarce information regarding the associ-
ation of these biomarkers with the changes in BP during preg-
nancy, and the magority of these studies have employed a cross-
sectional design.'™! CRP is a systemic inflammatory marker
synthesized in the liver and may play a role in eliciting the
inflammatory response observed in preeclampsia (PE).5!" A
longitudinal study reported that the first-trimester CRP concen-
trations were positively associated with the systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) levels during
pregnancy, although the associations were attenuated after adjust-
ment for maternal BMIL.'? Along the same lines, studies have
indicated that UA concentrations may predict the progression to
PE, whereas preeclamptic women presented higher serum con-
centrations of this biomarker when compared with normotensive
women.'>'* Indeed, higher concentrations of UA have also been
shown to be associated with inflammation, oxidative stress, and
endothelial dysfunction.'*!> It has also been reported that renal
function is highly correlated with SBP and DBP in women who
develop HDP and that the combination of urinary creatinine (Cr)
andl()SgP in early pregnancy can be considered a predictor of
PE.™

Thus, considering the importance of adaptive BP changes
during normal pregnancy, the scarce information concerning the
effect of maternal biological markers on prospective BP
changes during pregnancy and the potential use of this bio-
markers on the prevention of HDP, the aim of this study was to
evaluate the association of first-trimester hepatic, renal, and
inflammatory markers with SBP and DBP levels and rate of
changes during healthy pregnancies.

METHODS
Design and Study Population

This study comprised a prospective cohort of pregnant
women who received prenatal care at a public health care center
in the city of Rio de Janeiro, Brazil. The women were monitored 3
times during pregnancy at the 5th—13th (study baseline), 20th—
26th, and 30th—36th gestational weeks. The recruitment occurred
between November 2009 and October 2011. Women were invited
to participate if they met the following eligibility criteria: were
between 5 and 13 weeks pregnant at the time of recruitment;
between 20 and 40 years of age; free from any chronic diseases
(except obesity); and free from infectious diseases. A total of 299
pregnant women agreed to participate and were recruited for this
study. We excluded women who presented twin pregnancies
(n=4), were diagnosed with an infectious (n=9) or chronic
noncommunicable disease (n=12), presented missing baseline
data for BP (n=20), had a miscarriage (n=25), or a stillbirth
(n=4). Following these exclusions, the baseline sample com-
prised 225 healthy pregnant women. We further evaluated 192
women at the second trimester and 194 at the third trimester
(13.8% of follow-up losses).
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Blood Pressure Measurements

The SBP and DBP were evaluated four times in the first
trimester on 2 distinct days with an interval of 11.0 days (95%
CI: 9.2-12.8) and twice during the second and third trimesters
with a 30-minute interval between measurements. The mean
SBP and DBP values were used. BPs were measured with
an automated oscillometric BP monitoring system (Omron
HEM-742, Sao Paulo, Brazil), which had been previously
validated for the Brazilian adult population.'® However, to
the best of our knowledge, this device has not been validated
for pregnant women. A suitably sized cuff to the brachial
circumference was used and the BP was measured after at least
a 5-minutes rest, with the women sitting, according to current
recommendations. '’

Blood Samples

Blood samples were collected at the study baseline after a
12-hour fast and were immediately centrifuged at 5000 rpm for
5 minutes. The serum and plasma were separated and stored at
—80°C until the analyses were performed. The serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and
ALP concentrations (U/L) were measured via a spectrophoto-
metric method using commercial kits (DiaSys Diagnostic Sys-
tems GmbH, Holzheim, Germany) with sensitivities of 4, 2, and
2 U/L, respectively. The serum concentrations (pmol/L) of UA
and Cr were also detected using a spectrophotometric method
and commercial kits (DiaSys Diagnostic Systems GmbH) with
sensitivities of 4.2 and 8.8 wmol/L, respectively. Serum con-
centrations of CRP were measured with a high sensitivity
(mg/L) via the immunoturbidimetric method using an ultra-
sensitive commercial kit (DiaSys Diagnostic Systems GmbH)
with a sensitivity of 0.05 mg/L.%°

Covariates Assessment

We evaluated the following baseline socioeconomic,
demographic, lifestyle, and reproductive variables with a struc-
tured questionnaire: maternal age (years), education (years of
schooling), self-reported skin color (black or mixed/white),
marital status (married/stable partnership or single), monthly
per-capita family income (US dollars), smoking habit (no/yes),
alcohol consumption (no/yes), prepregnancy leisure-time
physical activity (LTPA: no/yes), and parity (0/>1 parturition).

The anthropometric measurements were standardized and
collected by trained interviewers.?! The height was measured in
duplicate at baseline using a portable stadiometer (Seca Ltd.,
Hamburg, Germany). Weight was measured in the 3 pregnancy
visits with an electronic scale (Filizzola PL 150, Filizzola Ltd.,
Brazil) with a 150-kg capacity and 0.1-kg variation. Early-
pregnancy BMI was calculated using weight and height
measured at baseline. The gestational age (weeks) was esti-
mated using the first ultrasound performed prior to 26 gesta-
tional weeks. Nineteen women did not have this information and
the reported date of the last menstrual period was used.

Statistical Analyses

The women’s baseline characteristics were presented as
means and standard deviations or as proportions depending on
the variable distribution. The SBP and DPB levels at each
pregnancy trimester were described using the means and
95% confidence intervals (CIs).

The hepatic, renal, and inflammatory biomarkers were
categorized into tertiles of the sample distribution, as this

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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allowed us to identify a trend among tertiles. The differences on
the SBP and DBP means among tertiles for each trimester were
compared using ANOVA and the Bonferroni post hoc test.

Longitudinal mixed-effects (LMEs) regression models
were used to evaluate the association of the first trimester
biomarkers with the changes in SBP and DBP during pregnancy.
The gestational age and the quadratic gestational age were
included in all the LME models to fit the quadratic function
of the association of BP with time. LME models assess the
interindividual and intraindividual changes, consider that the
repeated measures of the same individual are correlated, and
alloxzztge evaluation of the data with unbalanced time inter-
vals.” ™~

Gestational age (weeks) was included in the LME models
as both random and fixed effects to adjust for the overall and the
individual variations in the BP levels throughout time. All other
covariates were analyzed as fixed-effects only. The model was
fitted including an intercept—slope correlation in the random
effects assuming an unstructured covariance matrix.

We fitted 3 LME models using the first-trimester bio-
markers’ tertiles as the factor variable (independent variable).
Considering the sample size constrains and the similarities of
SBP and DBP mean values between some tertiles, we opted to
present the results combining the first and second against the
third tertile of each biomarker at each trimester of pregnancy.
However, the CRP concentrations were categorized differently,
and the analysis considered the women in the first versus those
in the second and third tertiles because the associations of the
CRP concentrations with the BP levels were similar for the 2
highest tertiles. Model 1 included gestational age and quadratic
gestational age. Model 2 included the interaction term (between
each factor variable and quadratic gestational age) and gesta-
tional age. Finally, Model 3 was fully adjusted for maternal age,
self-reported skin color, education, parity, early-pregnancy
BMI, smoking habit, and prepregnancy LTPA. We fitted models
separately for SBP and DBP.

We analyzed the interaction of each factor variable with
early-pregnancy maternal BMI in a model adjusted for gesta-
tional age and quadratic gestational age, in order to evaluate the
BMI effect modification in the relation between the biomarkers
and BP. For those biomarkers that presented a statistically
significant interaction with the BMI, that is, UA and CRP, an
additional evaluation of their association with BP levels was
performed, stratifying by BMI categories (under/normal weight
[BMI < 25 kg/mz] or overweight/obese [BMI > 25 kg/m2]). We
did not include interaction terms with gestational age in these
models.

Scatter plots were elaborated to illustrate the distribution of
the SBP and DBP levels and their predicted rates of change
throughout pregnancy according to the first-trimester biomarker
tertiles. The longitudinal prediction of the BP changes was fitted
using a crude LME regression model. The prediction was
performed for the 5th to the 39th week of gestation.

The statistical analyses were performed using Stata Data
Analysis and Statistical Software version 12.0 (Stata Corp.,
College Station, TX). Values were considered to be statistically
significant when P < 0.05.

Ethics

The study was approved by both the Research Ethics
Committees of the Municipal Secretariat of Health and Civil
Defense of the State of Rio de Janeiro (Protocol number:
0012.0.249.000-09, approved on August 13th, 2009) and of
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the Maternity Hospital (Protocol number: 0023.0.361.000-08).
All participants signed a 2-way term of consent, which was
obtained freely and spontaneously, after all necessary clarifica-
tions had been provided.

RESULTS

The pregnant women presented a mean age of 26.6 £5.3
years and had 8.7+ 2.9 years of education; 40.0% (n=90) of
the women were nulliparous, and 60% had >1 parturitions. The
mean early-pregnancy BMI was 25.1 + 4.7 kg/m? (41.3% of the
women were classified with pregestational excessive weight;
28.4% overweight and 12.9% obese—results not shown in
tables). The women had a mean concentration of 57.7 +
15.1U/L of ALP, 14.5+10.7U/L of ALT, 17.9+5.7U/L of
AST, 193.8 3.1 wmol/L of UA, 46.0 + 0.5 wmol/L of Cr, and
6.6 + 8.1 mg/L of CRP at the first trimester. Overall, SBP and
DBP decreased from the first to the second trimester and then
increased in the third trimester (Table 1).

Women classified in the third tertile of the sample distri-
bution of the hepatic and renal biomarkers tended to present
higher mean values of SBP and DBP during pregnancy com-
pared with those in the first and second tertiles, except for CRP,
which tended to have higher values at the second and third
trimester compared with the first one. These differences were
statistically significant for SBP at the first trimester for ALP and
ALT; at the second trimester for UA and CRP; and at the third
trimester for ALT and UA. For DBP, the statically significance
occurred for ALP and ALT at the first trimester; for ALP at the
second trimester; and for ALT at the third trimester (Tables 2
and 3).

Women classified in the third tertile of the ALP and ALT
concentrations presented higher SBP (Barp=3.474; 95% CI:
0.955-5.992; P=0.01; BaLt=2.232; 95% CI: 0.221-4.242;
P=0.03) and DBP (Barp=3.291; 95% CI: 1.098-5.485;
P=0.003; Barr=2.355; 95% CI. 0.721-3.989; P=0.01)
during pregnancy compared with those in the first and second
tertiles in the fully adjusted model (Model 3). The Cr concen-
trations were only positively associated with the DBP levels.
The first-trimester AST concentrations were not associated with
BP during pregnancy. The positive association of the concen-
trations of UA with SBP and CRP with both SBP and DBP were
statistically significant only in the crude analysis (Model 1).
These associations were attenuated after further adjustments
and became nonsignificant (Models 2 and 3) (Tables 4 and 5 and
Figure 1).

Early-pregnancy BMI was considered the main confoun-
der responsible for diminishing the associations between UA,
CRP, and BP. Results on the association of the UA and CRP
concentrations with the BP levels, stratifying for early-
pregnancy BMI, revealed that women in the highest tertile of
the UA concentrations presented increased SBP (B =3.878;
95% CI: 0.687-7.068; P =0.02) in the overweight/obese sub-
group, but not in the under/normal weight BMI subgroup,
compared with those in the lower tertiles. For CRP, the associ-
ation only occurred with DBP in the under/normal weight
group, in which women with CRP concentrations >2.6 mg/L
presented higher DBP levels throughout pregnancy than those
with a concentration of CRP <2.5mg/L (B =2.252; 95% CI:
0.267—-4.236; P=10.03) (Model 3) (Table 6 and Figure 2).

The only significant interaction term between a biomarker
and the gestational time was for ALP (Bsgp = —0.004; 95% CI:
—0.007 to —0.001; P =0.02; Bpgp = —0.003; 95% CI: —0.006
to —0.001; P=0.01), which indicates that the women in the
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TABLE 1. Characteristics of Pregnant Women Followed at a Public Health Center in Rio de Janeiro, Brazil, 2009-2012

Continuous Variables n Mean + SD Median (IQR)
Age, y 225 26.6+5.3 26.0 (22.0-31.0)
Education, y 225 8.7+29 9.0 (7.0-11.0)
Early pregnancy BMI, kg/m? 225 25.1+4.7 23.8 (22.1-27.4)
Gestational age at blood pressure, wk

First trimester 225 9.6+£22 9.4 (79-11.1)

Second trimester 191 2344+1.8 23.3 (22.1-24.4)

Third trimester 194 322423 31.7 (30.3-33.9)
Systolic blood pressure, mm Hg

First trimester 225 110.1 £9.1 110.0 (104.0-116.0)

Second trimester 192 108.7+£9.1 108.0 (102.0-115.5)

Third trimester 194 111.6+9.5 112.0 (105.0-117.0)
Diastolic blood pressure, mm Hg

First trimester 225 66.9+7.3 67.0 (62.0-71.0)

Second trimester 192 65.0+6.7 65.0 (60.0-69.0)

Third trimester 194 67.2+7.1 67.0 (63.0-71.0)
Alkaline phosphatase, U/L 195 57.7+15.1 55.2 (47.0-66.5)
Alanine aminotransferase, U/L 218 14.54+10.7 10.9 (8.3-16.2)
Aspartate aminotransferase, U/L 216 17.9+5.7 16.6 (14.3-19.5)
Uric acid, wmol/L 219 193.8+3.1 187.9 (162.4-222.4)
Creatinine, pmol/L 219 46.0£0.5 45.1 (39.8-49.5)
C-reactive protein, mg/L 199 6.6+8.0 4.0 (2.0-8.3)
Categorical Variables n Frequency, %
Parity (number of parturition)

0 90 40.0

>1 135 60.0
Self-reported skin color

White/Mixed 167 74.2

Black 58 25.8
Smoking habit at baseline

No 210 93.3

Yes 15 6.7
Prepregnancy leisure-time physical activity

No 167 74.9

Yes 56 25.1

BMI =body mass index, IQR = interquartile range, SD = standard deviation.

highest tertile of the ALP concentration distribution presented
higher BP levels but had a significantly lower rate of change in
SBP and DBP during pregnancy compared with those in the first
and second tertiles. The gestational time variables (linear and
quadratic) were significant in all the analyses (P < 0.001)
(Tables 4 and 5 and Figure 1).

DISCUSSION

This study presents 4 main findings regarding BP levels
and rate of changes during pregnancy. Initially, we observed
that women with first-trimester serum concentrations of ALP
and ALT in the highest tertile of the sample distribution
presented higher SBP and DBP levels in the first trimester
compared with women in the first and second tertiles. Second,
serum Cr concentrations were positively associated only with
DBP, even after adjustment for potential confounders, such as
early-pregnancy BMI, maternal age, self-reported skin color,
parity, smoking habit, and prepregnancy LTPA. Third, women
in the highest tertile of the sample distribution of ALP presented
lower rates of BP changes during pregnancy. Finally, we
observed that the associations of the UA and CRP concen-
trations with BP levels during pregnancy were influenced by the
maternal BMI, that is, the concentration of CRP was associated
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with a higher DBP only in under/normal weight women,
whereas the concentration of UA was associated with higher
SBP only in overweight/obese women.

As far as we know, this is the first study that has
evaluated the association of hepatic, renal, and inflammatory
biomarkers with prospective BP changes during healthy
pregnancies. However, some potential limitations should be
discussed. The first limitation is the lack of information
concerning the serum concentrations of biological markers
at the second and third trimesters. Second, in contrast to some
prospective studies that had several BP measurements,** we
obtained only 3 BP measurements during pregnancy. Never-
theless, our measurements assessed the 3 trimesters of preg-
nancy and were sufficient to detect the well-described pattern
of a mid-pregnancy BP drop and late-pregnancy BP increase.”
A third issue is that 31 women (13.8% losses on follow-up)
did not have all the BP measurements during pregnancy.
However, this limitation was counterbalanced by the statisti-
cal technique used for the data analyses. The LME procedure
allowed the use of the information from all 225 women who
had at least one BP measurement during pregnancy. Finally,
the lack of validation studies of the used oscillometric auto-
mated device for pregnant women may also be considered a
possible limitation.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Mean SBP Levels During Pregnancy According to First-Trimester Tertiles of Hepatic, Renal, and Inflammatory
Biomarkers, in Women Followed at a Public Health Center in Rio de Janeiro, Brazil, 2009 to 2012

Follow-Up Period (Gestational Weeks)

5th—13th 30th-36th 20th-26th
Variables n  Mean SBP 95% CI)!  P* n  Mean SBP 95%CI' P* n Mean SBP 95% CI)! P*
Alkaline phosphatase, U/L
First tertile (23.9-49.3) 62 108.1 (105.9-110.3)" <0.001 52 106.8 (104.8—108.9) 0.07 53 110.7 (108.0-113.4) 0.53
Second tertile (49.7-60.7) 67 107.9 (105.9-109.9)" 59  108.6 (106.0-111.1) 58 111.2 (108.5-113.8)
Third tertile (61.1-119.0) 66 114.0 (111.7-116.3)° 57 110.9 (108.4-113.3) 57 1127 (110.3-115.1)
Alanine aminotransferase, U/L
First tertile (3.5-8.9) 77 108.7 (106.8—110.6)" 0.04 68 107.3 (105.2-109.3) 0.25 66 110.2 (107.7-112.6)*  0.02
Second tertile (9.1—14.0) 72 109.2 (107.2-111.2)*° 60  109.2 (106.7-111.7) 63 110.1 (108.0-112.3)"
Third tertile (14.3-64.8) 69 1123 (110.0-1 14.6)b 61 109.9 (107.6-112.2) 62 1144 (112.0-1 16.7)b
Aspartate aminotransferase, U/L
First tertile (8.6—14.9) 74 110.2 (108.3-112.2) 0.17 65 108.1 (106.0-110.2) 0.69 62 111.5(108.9-114.2) 0.58
Second tertile (15.3—18.5) 70 108.5 (106.3—-110.6) 59  108.5 (106.0-111.0) 61 110.7 (108.6—112.7)
Third tertile (18.6-41.9) 72 1113 (109.0-113.7) 64 109.5 (107.2-111.7) 67 1124 (110.0-114.8)
Uric acid, wmol/L
First tertile (82.7 —171.3) 72 108.7 (106.5-110.8) 006 62 107.4(105.3-109.4)*  0.03 63 110.1 (107.7-112.6)*  0.02
Second tertile (171.9-210.6) 74 109.6 (107.9-111.3) 67 107.7 (105.8—109.6)" 71  110.5 (108.5-1 12.5)8’b
Third tertile (212.3-407.4) 73 112.1 (109.7-114.5) 61 111.3 (108467114.1)b 58 1144 (111.87117,0)b
Creatinine, wmol/L
First tertile (30.1-41.5) 70 110.5 (108.4—112.6) 0.80 62 108.3 (106.2—-110.3) 0.50 67 111.1 (108.8—113.5) 0.78
Second tertile (42.4—47.7) 68 109.5 (107.6—111.4) 60 108.2 (105.8-110.6) 58 111.3 (108.8—113.7)
Third tertile (48.6 —76.9) 81 110.3 (108.0-112.5) 67 109.9 (107.5-112.2) 66 112.2 (109.9-114.6)
C-reactive protein, mg/L
First tertile (0.8—2.5) 67 108.0 (105.9-110.0) 0.07 54 106.0 (103.9-108.0)*  0.02 57 109.6 (107.0-112.2) 0.18
Second tertile (2.6-6.4) 68 1113 (108.8—113.7) 62 1104 (107.9-112.8) 60 1128 (110.4-115.2)
Third tertile (6.6—74.5) 64 1110 (108.8—113.1) 56 109.7 (107.3-112.1)*" 55 112.1 (109.5-114.6)

CI = confidence interval, SBP = systolic blood pressure.
* P refers to F-test.

' For statistical significant results of ANOVA, a post hoc Bonferroni test was performed; the results of Bonferroni test are expressed as superscript
letters, where identical letters represents no statistical significant differences between means, and different letters represents statistically different

means (P < 0.05).

Pregnant women classified in the third tertile of the ALP
and ALT of the sample distributions presented higher levels of
SBP and DBP in the first trimester compared with those in the
first and second tertiles. We did not find studies that associated
these biomarkers with longitudinal measures of BP during
pregnancy, but the association between abnormalities of liver
function and HDP is well known.>*?> Mei-Dan et al*® reported
ALT concentrations at up to 20 weeks of gestation, as a
predictive marker for both mild and severe PE. Mangal
et al*’ observed higher concentrations of serum and placental
ALP for pregnancy-induced hypertensive mothers compared
with normotensive ones. Both study results corroborate with
our findings. ALP in pregnancy may be derived from placenta,
liver, or bone; however, as we had not evaluated ALP iso-
enzymes, we cannot ascertain whether the associations
between elevated ALP with higher BP levels and lower BP
changes may reflect subclinical liver (eg, nonalcoholic fatty
liver disease), bone (eg, vitamin D deficiency), or placental
dysfunction.

In our study, healthy pregnant women classified in the
third tertile of the sample distribution of the serum Cr concen-
trations presented higher DBP levels, but no statistical signifi-
cant association was observed with SBP levels and SBP and
DBP changes. We did not find studies that evaluated this

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

association during healthy pregnancies. All the aspects of
kidney physiology are affected by gestation. During this period,
the glomerular filtration rate increases from 40% to 50% and
often leads to lower serum Cr concentrations.”® However, a recent
study conducted by Son et al*® found that preeclamptic women
presented higher serum Cr concentrations (72.5 umol/L) com-
pared to the healthy pregnant controls (51.3 wmol/L).

The concentration of UA is an important biochemical
marker of renal dysfunction and has been associated with the
development of hypertension.*® We observed that, in the unad-
justed analysis, women with UA concentrations >212.3 wmol/L
(3.6 mg/dL) presented increased SBP and DBP levels during
pregnancy, but this association was no longer significant after
the adjustment for confounders. In agreement with our results,
Martell-Claros et al®' evaluated 283 pregnant women in a pro-
spective cohort during pregnancy and showed that women with
UA concentrations >187.4 umol/L (3.15mg/dL) in the first
trimester presented an increased risk of gestational hypertension
after adjustment for the first-trimester SBP. However, the authors
did not adjust their analysis for important confounders, such as
maternal BMI. Indeed, the early-pregnancy BMI was the covari-
ate that most attenuated the association between UA and BP
levels in our analysis. When the analysis was stratified for BMI,
we observed that this association remained statistically

www.md-journal.com | 5
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TABLE 3. Mean DBP Levels During Pregnancy According to First-Trimester Tertiles of Hepatic, Renal, and Inflammatory
Biomarkers, in Women Followed at a Public Health Center in Rio de Janeiro, Brazil, 2009 to 2012

Follow-Up Period (Gestational Weeks)

5th—-13th 20th-26th 30th—-36th
Variables n  Mean DBP 95% CI)!  P* n  Mean DBP (95% CI)) P* n  Mean DBP 95% C) P*
Alkaline phosphatase, U/L
First tertile (23.9-49.3) 62 65.7 (63.9-67.6)" <0.001 52 63.3 (61.6—64.9)" 0.01 53 66.6 (64.4—68.9) 0.76
Second tertile (49.7-60.7) 67 65.2 (63.6—-66.7)" 59 64.6 (62.9-66.3)*° 58 67.4 (65.5-69.3)
Third tertile (61.1-119.0) 66 69.6 (67.7-71.4)° 57 67.3(65.4-69.1)° 57 67.6 (66.1-69.2)
Alanine aminotransferase, U/L
First tertile (3.5-8.9) 77 65.6 (64.1-67.1)" 0.003 68 63.8 (62.3-65.3) 0.09 66 66.7 (64.9-68.5)*" 0.04
Second tertile (9.1—14.0) 72 65.7 (64.0-67.4)* 60  64.6 (62.9-66.4) 63 658 (64.1-67.6)°
Third tertile (14.3—-64.8) 69 69.3 (67.5-71.1)° 61 66.4 (64.7-68.1) 62 69.0 (67.3-70.6)°
Aspartate aminotransferase, U/L
First tertile (8.6—14.9) 74 65.6 (64.3-67.0) 0.06 65 64.3 (62.8-65.7) 0.38 62 66.9 (65.0-68.8) 0.86
Second tertile (15.3—18.5) 70 66.4 (64.6-68.2) 59 64.8 (63.0-66.6) 61 67.1 (65.5-68.8)
Third tertile (18.6-41.9) 72 68.4 (66.5-70.3) 64 659 (64.1-67.7) 67  67.6 (65.8-69.4)
Uric acid, pmol/L
First tertile (82.7 —171.3) 72 66.5 (64.7-68.3) 074 62 63.5 (62.1-64.9) 0.05 63 66.0 (64.3-67.6) 0.12
Second tertile (171.9-210.6) 74 66.6 (65.0-68.3) 67 649 (63.3-66.5) 71 67.0 (65.3-68.7)
Third tertile (212.3-407.4) 73 67.4 (65.8—69.0) 61 66.5 (64.5-68.4) 58 68.6 (66.8—70.5)
Creatinine, wmol/L
First tertile (30.1-41.5) 70 65.2 (63.4-67.0) 0.06 62 63.2 (61.8-64.6) 0.05 67 66.1 (64.5-67.7) 0.09
Second tertile (42.4-47.7) 68 67.2 (65.5-68.9) 60 65.6 (63.7-67.6) 58 66.7 (64.7-68.7)
Third tertile (48.6 —76.9) 81 67.9 (66.4-69.5) 67 659 (64.3-67.4) 66 68.7 (67.0-70.4)
C-reactive protein, mg/L
First tertile (0.8—2.5) 67 65.4 (63.6-67.2) 007 54 63.4 (61.9-65.0) 0.09 57 65.2 (63.1-67.4) 0.05
Second tertile (2.6-6.4) 68 67.0 (65.2-68.8) 62 65.6 (63.8-67.4) 60  68.0 (66.5-69.6)
Third tertile (6.6-74.5) 64 68.3 (66.7-70.0) 56 66.1 (64.3-67.9) 55 682 (66.5-69.9)

CI = confidence interval, DBP = diastolic blood pressure.
* P refers to F-test.

"For statistical significant results of ANOVA, a post hoc Bonferroni test was performed; the results of Bonferroni test are expressed as superscript
letters, where identical letters represents no statistical significant differences between means, and different letters represents statistically different

means (P < 0.05).

significant only in the overweight/obese subgroup. Hence, we
suppose that the association between UA concentrations and BP
levels during pregnancy is mainly influenced by the maternal
overweight/obesity status.

The CRP concentrations were associated with SBP and
DBP levels during pregnancy in the crude analysis, but we
found no association at all after adjustment for important
confounders, such as early-pregnancy BMI. A recent systematic
review and meta-analysis also reported that the evaluation of
serum CRP in early pregnancy might predict the development of
PE. However, the authors verified an effect of BMI on this
association and recognized the need for further studies to
evaluate this association with an adjustment or stratification
for prepregnancy BMI.>? Taking this recommendation into
consideration, we further investigated this association and
stratified our sample for early-pregnancy maternal BMI. We
found that the CRP concentrations were positively associated
with higher DBP levels in both the crude and the adjusted
models, but only in under/normal weight women. No associ-
ation was observed in the overweight/obese subgroup.

Two longitudinal studies that used different analyses found
similar results.""'? Qiu et al'' evaluated 60 women who
developed PE and 506 who remained normotensive throughout
pregnancy and observed that, in the overall sample, the

6 | www.md-journal.com

association between CRP concentrations and PE did not remain
statistically significant after adjusting for prepregnancy BMI.
The authors also stratified their analysis for BMI and observed
that lean women (prepregnancy BMI <25kg/m?) with CRP
concentrations >4.9 mg/L presented a 2.5-fold increased risk of
PE (95% CI: 1.1-5.5) compared with those with a concentration
of CRP <4.9mg/L. No association was observed among the
overweight women. A prospective population-based cohort
study conducted by de Jonge et al.'? evaluated 5816 pregnant
women (334 with HDP) and found that higher concentrations of
CRP (>20.0 mg/L) were associated with higher SBP and DBP
levels during pregnancy and with an increased risk of preg-
nancy-induced hypertension. However, the associations were
no longer observed after an adjustment for the BMI. These
previous findings combined with our results indicate that in
overweight/obese women, most of the effect of inflammation on
BP levels may be mediated by maternal weight; however, in
under/normal weight women, this association is not explained
solely by maternal weight and may involve different pathways.

In summary, this prospective study with healthy women
provides new evidence of factors associated with BP levels and
changes during pregnancy. Women with high serum ALP and
ALT concentrations in the first trimester of pregnancy presented
a significant and positive association with SBP and DBP levels.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Blood pressure changes during pregnancy according to maternal first-trimester biomarkers, in women followed at a public
health center in Rio de Janeiro, Brazil, 2009 to 2012. (A) Alkaline phosphatase (ALP). (B) Alanine aminotransferase (ALT). (C) Creatinine
(Cr). Left panels: systolic blood pressure; right panels: diastolic blood pressure. Note: Fitted values were predicted using a longitudinal
linear regression model for each tertile of the first-trimester biomarkers.

Furthermore, ALP was associated with BP rate of change during
pregnancy. Serum Cr concentrations were associated only with
DBP levels. We further observed that the concentrations of CRP
were positively associated with DBP in under/normal weight
women, whereas UA was associated with SBP only in

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

overweight/obese women. These results support the hypothesis
that hepatic, renal, and inflammatory biomarkers are involved
with BP during pregnancy, even in normotensive women.
Likewise, further studies evaluating the factors associated with
the serum concentrations of these markers during pregnancy

www.md-journal.com |9
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FIGURE 2. Blood pressure changes during pregnancy according to tertiles of C-reactive protein and uric acid stratified for body mass
index (BMI) at the first trimester, in women followed at a [z)ublic health center in Rio de Janeiro, Brazil, 2009 to 2012. (A) Uric acid tertiles in

BMI < 25kg/m?. (B) Uric acid tertiles in BMI > 25kg/m

. (C) C-reactive protein in tertiles in BMI < 25 kg/m?. (D) C-reactive protein in

tertiles in BMI > 25kg/m?. Note: Fitted values were predicted using a longitudinal linear regression model for each tertile of the first-

trimester biomarkers.

would be of great relevance, especially with women with higher 5.
risk of developing HDP, as the measurement of these bio-
markers could be considered in the screening of women with
this condition. 6
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