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Diabetes mellitus, with adverse neonatal events are challenging issues to all
obstetricians and pediatricians, where uric acid could play a vital role. We
aimed to assess the relationship and prognostic benefits of serum uric acid
measured at about 20 weeks’ gestation in normotensive pregnancy, with sub-
sequent maternal diabetes, and neonatal complications. All singleton nor-
motensive pregnant women with normal blood glucose, serum creatinine, and
weight before pregnancy, whom attended Medical City Hospital, Department
of Obstetrics and Gynecology in Baghdad, were involved and regarded as the
case group, on the condition that their serum uric acid measured at 20 weeks’
gestation > 3 mg/d], but if < 3 mg/dl, they would be registered as a control
group. A complete follow up was performed regularly during pregnancy, and
after delivery; regular assessments of maternal blood glucose were done up
to one year. Maternal diabetes mellitus (DM), small for gestational age (SGA)
neonates, and preterm delivery (PD) constituted (27.59%), (43.60%), and
(1.97%), respectively in case group which had significantly included mater-
nal DM and SGA (P <0.001). Also, elevated mid-pregnancy serum uric acid
was strongly associated (P <0.0001) with maternal DM (5.86 + 0.69) and SGA
(4.78 £ 0.34). Cut-off values of uric acid of 4.76 mg/dl were best associated
with maternal DM, while 4.33 mg/dl with SGA. In conclusion, the cut-off points
of 4.76 and 4.33 mg/dl of maternal mid- normotensive pregnancy serum uric
acid have the potential ability to predict Maternal DM and SGA, respectively.
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oxidative stress promoted by uric acid effects within
the endothelial levels may be the major etiol-
ogy (Singh et al., 2019; Zhou et al.,, 2018).

Humans, as well as great apes, seem to keep elevated
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serum uric acids. The reduced activity, which was
followed by the silence of the uricase gene about 15
million years ago, could be the cause behind that, as
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the liver intracellular urates are naturally degraded
by this gene (Johnson et al, 2015; Kratzer et al,
2014).

Insulin resistance and gestational diabetes are also

INTRODUCTION

involved with abnormal uric acid measurements.
Serum uric acid levels usually become low in preg-
nancy, reaching 3 mg/dl (or even lower) during

It is well known that uric acid is linked to some
pregnancy complications, such as hypertension and
preeclampsia. Poor placental perfusion due to

early pregnancy, caused by elevated estrogen lev-
els with their uricosuric properties, and by the
high blood flow to the kidneys. During the third
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trimester, uric acid levels started to rise to touch 4-5
mg/dl near term (Johnson et al., 1979).

Perinatal events are influenced by high maternal
serum uric acid, including abnormal fetal growth,
especially small for gestational age (SGA) and
preterm delivery (PD). Hyperuricemia has a distinc-
tive effect on the growth pattern of the neonates
through an altered placental function. Fetal growth
abnormalities are linked to higher perinatal mor-
bidity and mortality rates (Gillon et al, 2017; Jasim
etal, 2018).

Always it is better for the health care provider to
predict complications rather than facing them emer-
gently. This will allow a quicker step to managing
patients in a safer way. The use of uric acid as a pre-
dictive tool to find out pregnancy outcomes and ges-
tational diabetes is a recent approach (Damen et al,,
2016; Al-Momen et al., 2018; Rezk et al., 2018).

Metabolic syndrome in adults is associated with an
increased prevalence of hyperuricemia, obesity, and
insulin resistance, which may lead to diabetes melli-
tus (Bombelli et al., 2018; King et al., 2017).

Alcohol also is a risk factor for hyperuricemia, but in
our community, it is prohibited for females in most
of the instances (Makinouchi et al., 2016; Moriyama,
2019; Al-Hemiery et al., 2014).

The objectives of this study are to investigate the
effects of normotensive pregnancy serum uric acid
on later maternal diabetes and abnormal pregnancy
outcomes. In addition to the potential ability of uric
acid to predict the above parameters.

MATERIALS AND METHODS

Study design, data collection, and exclusion cri-
teria

At Medical City Hospital, Department of Obstetrics
and Gynecology, in Baghdad, the capital of Iraq,
which is the main tertiary center that receives cases
from all parts of the country.

Exclusion criteria

All visiting pregnant ladies during the second
trimester (< 20 weeks’ gestational age) were
involved on the condition that they were single-
ton with normal blood pressure (< 140/90 mmHg),
blood sugar, and serum creatinine. Also, they were
of normal weight before pregnancy (body mass
index (BMI) should be less than 25) and a nega-
tive family history of diabetes mellitus. No chronic
drug use, and no high- fat and/ or carbohydrate diet
regularly during the study period. Any pregnant
lady with anemia (hemoglobin < 10 g/1), thrombo-
cytopenia (platelet count < 150000/mm?), positive

dipstick of albumin in the urine (albuminuria), his-
tory of chronic illness such as hypertension or dia-
betes, and previous history of gestational diabetes
was excluded. Also, any elevation in maternal blood
pressure throughout gestation would be added to
the exclusion criteria.

Serum uric acid was taken at around 20 weeks of
gestation and measured by calorimetric assay (Sbin
React 800; Spain). The Variance coefficient was 6%,
according to the manufacturer.

All pregnant women whom outside exclusion crite-
ria, with elevated serum uric acid levels > 3 mg/d],
were recruited in this study and considered as a
case group. Normal serum uric acid before the third
trimester during pregnancy is < 3 mg/dl (Johnson
etal, 2015).

Involved pregnant ladies were followed up during
regular hospital visits up to one year after delivery to
assess their blood sugar. Women who failed to have
regular checkups were excluded from the case group
(added to the above exclusion points).

During an interval that started from 1% of December
2016 until the end of May 2018, the total number of
recruited pregnant women was 406, and there was
an extension of an extra 12 months’ period of follow
up for blood sugar measurements, which was ended
in May 31, 2019. We recruited other 300 pregnant
women as a control group during the same period,
whom had the same inclusion criteria, but with non-
elevated serum uric acid (< 3 mg/dl) at 20 weeks of
gestation.

Full history, examination, evaluation, gestational
age assessment, management, and intervention
were made by the attending obstetrician.

Definitions

Maternal diabetes mellitus (DM) was defined as a
fasting blood glucose level of > 7.0 mmol/l (WHO,
2006).

Small for gestational age (SGA), as an adverse neona-
tal outcome, was defined as a weight below the 10th
percentile for the gestational age (Boghossian et al.,
2018).

Preterm babies were known when they were born
before completed 37 weeks of gestation, while term
neonates were defined as > 37 gestational weeks at
delivery (Jasim et al, 2018; Al-Momen et al., 2018).

Statistical analysis

Statistical analysis was performed using SPSS (Sta-
tistical Package for the Social Sciences) version 22
(IBM Corp., Armonk, NY, USA), and P-value <0.001
was considered significant.
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Table 1: Distribution of sub-groups

Sub-group Case group, No (406) Control group, No (300) P- value
Maternal DM, No (%) 112 (27.59%) 10 (3.33%) <0.001“
SGA, No (%) 177 (43.60%) 14 (4.67%) <0.001*
PD, No (%) 19 (1.97%) 6 (2.00%) 0.056

a Chi—square test

Table 2: General patients’ data specifications

Variable Maternal P-value SGA (case vs® P-value PD (case vs? P-value

DM (case control) control)
vs?control)

Maternal age, (23.1 + 2.23 0.364¢ 22.7+1.67vs 0.867¢ 228 £ 2.1 vs 0.723¢
years (mean £ vs 228 &+ 22.5+1.53) 22.3 +3.24)
SD) 1.95)

Weight rise (14.83 + 4.2 0.762¢ (9.81 +3.5vs 0.847¢ (9.60 + 3.2 vs 0.283¢
during preg- vs 1494 + 9.89 +3.1) 9.81 + 3.7)
nancy, Kg 3.8)
Parity, multi- (36:76vs3:7) 0.267¢ (58:119 vs 0.418° (3:5vs 2:4) 0.095°¢
gravida:primigravida 5:9)

Mean  blood (84.2£79vs 0.634a (87.2+8.7vs 0.219¢ (852 &£ 5.1 vs 0.712¢
pressure, mm 85.3 + 6.4) 86.1+6.9) 85.8 + 4.8)
Hg (mean 4=+

SD)

Gestational age (20.10 + 2.2 0.418¢ (20.34 + 3.1 0.972¢ (20.24 £+ 2.6 vs 0.653¢
at serum uric vs 20.31 =+ vs 2038 =+ 20.36 £+ 2.3)

acid sampling, 2.5) 2.7)

weeks (mean

+ SD)

Gestational age (38.21 + 1.4 0.283¢ (38.10 + 6.2 0.176“ (36.82 + 3.7 vs 0.291¢
at birth, weeks vs 3796 =+ vs 3732 =+ 36.14 + 2.8)
(mean + SD) 2.5) 4.1)
Neonatal sex, (55:57vs5:5) 0.814° (90:87 vs 8:6) 0.008° (5:3vs 4:2) 0.013¢
male: female
Birth weight, (4.15 + 0.65 0.321¢ (2.11 + 098 0.093¢ (2.03 &+ 0.17 vs 0.216¢
Kg (mean =+ vs4.08+1.1) vs 232 &+ 2.11+0.42)

SD) 0.65)

Admission (101, 90.18% 0.978° (128, 72.32% 0.856° (7, 87.50% vs 5, 0.925°
to Neonatal vs9,90.00%) Vs 10, 83.33%)

Intensive Care
Unit (NICU): n,
%

71.43%)

a Student t—test; b Chi—square test; ¢ X? test; d Versus

Table 3: Mid-pregnancy serum uric acid in relation with maternal and neonatal conditions

Serum uric acid at mid-

Case group:

(SD =+

Control group:

(SD 4+ P-value

pregnancy mean) mean)

Maternal DM 5.86 + 0.69 2.89 + 1.46 <0.001
SGA 4.78 £ 0.34 2.63 £0.93 <0.001
PD 3.1+0.16 297 +1.12 0.468
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Table 4: Best computed values of mid-pregnancy serum uric acid using ROC curves

Serum uric acid for Area under 95%  con- Cut-off limit Sensitivity (%) Specificity

the variable (mg/dl)  the curve fidence of serum uric (%)
interval acid

Maternal DM 0.923 0.911-0943 4.76 98.3 90.2

SGA 0.941 0.948-0.930 4.33 96.4 93.1

Data were expressed as means + standard deviation
(mean + SD) for continuous variables, and the Stu-
dent t-test was carried out for comparison. Gender
and parity were analyzed with X? test, while related
categorical variables were compared using the Chi-
square test. Receiver operating characteristic (ROC)
curve analysis was applied to determine the opti-
mum level of a specific variable and to predict the
values of the corresponding parameter.

Ethical statement

Institutional Review Boards of Al-Kindy College of
Medicine and College of Medicine at the University
of Baghdad had approved this research. Informed
consent was obtained from all participants. Work
was done in accordance with the Helsinki Declara-
tion.

RESULTS AND DISCUSSION

General patients’ characteristics

The total number (No) of involved pregnant women
was 406 (case group). It appeared that 112 of them
(27.59%) developed diabetes mellitus (DM) later
on, either during gestation or up to one year after
delivery. Small for gestational age neonates (SGA)
were found in 177 cases (43.60%). Preterm deliv-
ery (PD) was found in eight neonates (1.97%). For
the SGA subgroup, 22 babies (12.43%) had moth-
ers with gestational diabetes mellitus up to one year
after labor, while PD newborns had no one mother
with diabetes. We included 300 pregnant women in
the control group (with normal uric acid); maternal
diabetes (up to one year after delivery) was found
in ten cases (3.33%). SGA was seen in 14 neonates
(4.67%). PD was noticed in six cases (2.00%). None
of the mothers of SGA and PD neonates had diabetes
during our observation. Maternal DM and SGA sub-
groups were significantly (P <0.001) seen in the case
group when compared with controls, on the con-
trary of the PD subgroup. These findings are avail-
able in Table 1.

Correlation of different variables within sub-
groups

In Table 2; many variables were put in compari-
son between the same subgroups (either maternal

DM, SGA, and PD) of different groups (cases and
controls), such as mother's age, weight gain dur-
ing pregnancy, neonatal birth weight, and admission
to neonatal intensive care unit (NICU), and others.
All characteristics in Table 2, unless indicated, were
noted at 20 weeks of gestational age and failed to
touch statistical significance (P > 0.001).

Association of maternal serum uric acid with
each subgroup

Simple regression analysis was performed to find
outifthere is arelationship between mid-pregnancy
maternal serum uric acid and specific neonatal com-
plications, namely gestational age, and birth weight,
as these outcomes are the most commonly reported
events linked to maternal hyperuricemia in the lit-
erature as mentioned in the introduction above. We
included a dichotomy pattern (positive versus nega-
tive) of the following complications; gestational age
{preterm (positive) versus term (negative); 62 vs.
54, respectively}, and birth weight {<10*" percentile
for the gestational age (positive) versus > 10" per-
centile for the gestational age (negative); 148 vs. 73,
respectively}. Uric acid was significantly correlated
with small for gestational age (SGA) babies using a
t-test (P-value < 0.001). Also, mid-pregnancy serum
uric acid was significantly correlated with mater-
nal diabetes mellitus (up to one year after deliv-
ery) using a t-test (P < 0.001). All are illustrated in
Table 3.

Cut-off values of mid-pregnancy serum uric acid that
were associated with maternal diabetes and SGA are
shown in Table 4.

Elevated serum uric acid is a strong risk factor for
diabetes, and there is a relationship between serum
uric acid during pregnancy, and small for gestational
age (SGA) delivery (Dehghan et al., 2008; Laughon
etal, 2009).

There are many studies that expressed the asso-
ciation between hyperuricemia and hypertension
with/ or without pre-eclampsia in pregnant
women (Shalal et al, 2017; Khaliq et al, 2018),
where uric acid elevation lowers endothelial cell
proliferation and migration, which may lead to
endothelial damage, and abnormal placental and
vascular development, and ultimately hypertension
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with pre-eclampsia (Tangren et al, 2018; Laughon
etal,2011).

In this study, we tried something different through
involving non- hypertensive pregnant ladies to
assess the effects of serum uric acid (in mid-
pregnancy period) on neonatal outcome and devel-
opment of diabetes mellitus in these ladies (up
to a year post-delivery). Moreover, we applied
serum uric acid as an indicator to foresee the above-
mentioned parameters.

We found a significant association between mid-
pregnancy serum uric acid and maternal diabetes
mellitus occurred later during pregnancy till one
year after giving birth. This is inconsistent with
another article that confirmed the relationship of
maternal insulin resistance and uric acid (Laughon
etal, 2009). Other authors agreed with this concept
in persons outside the pregnancy period (Modan
etal, 1987).

A cut-off value of mid-pregnancy serum uric acid of
(4.76 mg/dl) was shown to predict maternal dia-
betes, either gestational or later, on up to one year
after delivery. It is well-known that elevated serum
uric acid levels predate diabetes mellitus appear-
ance (type 2) in adults (non-pregnant), which may
need several months to do so (Dehghan et al., 2008).
So that, we extended our monitoring of maternal
blood sugar for a full one year after birth in order
to have a better and more accurate assessment with
such a follow-up time.

Up to our knowledge; this was not mentioned before
except for a recent paper which used first trimester
uric acid levels to predict gestational diabetes, with-
out a follow up time (Ali et al, 2019), and another
publishing that stated a predictive value of uric acid
of 5.94 + 0.77 mg/dl for gestational diabetes only
without extension after delivery, in both hyperten-
sive and normotensive pregnancies (El-Ewa et al,
2018), while herein this study; only pure normoten-
sive pregnancies were involved, with a follow up
time of one year after labor.

However, some authors considered uric acid alone is
a weak predictor of gestational diabetes (Zhou et al,,
2012).

Regarding adverse neonatal outcome, increased
serum uric acid was strongly associated with small
for gestational age neonates (SGA), our findings
were consistent with other researchers who sug-
gested that a slightly abnormal renal function is
related to serum uric acid, which in turn may lead
to SGA in pregnant women with normal blood pres-
sure (Zhou et al., 2018; Akahori et al., 2012).

Although insulin resistance that is associated with

elevated uric acid levels during pregnancy is linked
to excessive fetal growth; the resulted SGA neonates
overcome due to exact unknown mechanism, this
may indicate that fetal growth is affected by high
concentrations of uric acid either directly or indi-
rectly (Laughon et al, 2011; Maged et al, 2014).
However, our data revealed that most of SGA cases
came from non-diabetic mothers.

The cut-off limit of mid-pregnancy serum uric acid
levels for the prediction of small for gestational age
(SGA) was 4.33 mg/dl.

Again, based on our search, no comparative data
was published before. Nevertheless; a fresh Korean
study stated 6.35 mg/dl as a threshold of serum
uric acid level that was related to SGA (Ryu et al,
2019), and Indian scientists put down a serum
uric acid level of 6.37 mg/dl to predict pregnancy
outcomes (Nair and Savitha, 2017), while in Aus-
tralia they found that abnormal perinatal events
were associated with serum uric acid levels > 5.9
mg/dl (Hawkins et al, 2012). All these values were
taken during the third trimester of hypertensive
pregnancies with/or without pre-eclampsia. In this
paper, we included mid-pregnancy uric acid in nor-
motensive women.

In general; high levels of uric acid are associ-
ated with and could predict maternal and neona-
tal adverse events (Hawkins et al, 2012; Liu et al,
2019), although some writers believed that uric acid
measurements are bad prognostic parameters of
maternal, and fetal outcomes in hypertensive preg-
nancies (Williams and Galerneau, 2002).

Preterm delivery was found in a small percentage of
our babies whom mothers had high uric acid levels
(1.97%) without reaching significance. Other arti-
cles that studied maternal hyperuricemia found a
much higher occurrence and stronger relationship
between maternal uric acid and prematurity (Nair
and Savitha, 2017; Hawkins et al, 2012). Such a
difference may be explained by the fact that hype-
ruricemia is usually associated with hypertension
and lead to some sort of placental damage (as writ-
ten above), which in turn could be a possible cause
of preterm delivery, while we recruited only nor-
motensive pregnant ladies in this study (Tangren
etal, 2018; Laughon et al, 2011).

This study has the power of a prospective approach
having a large number of involved normotensive
pregnant women, with 18 months of data collec-
tion, and another 12 months of maternal follow up.
Also, we had the potential ability to predict mater-
nal diabetes, and prognose adverse neonatal conse-
quences using a simple test of serum uric acid, that
is cheap and widely available in most of the settings,
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even with limited resources. This may lead to fewer
complications in both maternal and fetal or neona-
tal sides because the obstetrician and neonatologist
will be well prepared to what have been already
expected.

However; there are some limitations such as
absence of kidney function assessments, and the
possible high incidence of maternal diabetes and
pregnancy outcome adverse events (SGA) within the
studied sample, as it is usual for mothers in our part
of the world not to strictly follow their obstetricians’
instructions such as a healthy diet and lifestyle.

CONCLUSIONS

high serum uric acid levels at the middle of nor-
motensive pregnancy are significantly related to late
maternal diabetes (up to one year of follow up) and
small for gestational age neonates. The value of uric
acid (in mg/dl) > 4.76 is used to predict maternal
DM and > 4.33 for SGA.
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