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1 | INTRODUCTION

Abstract

This meta-analysis aims to compare serum uric acid levels among preeclamptic and
healthy pregnant women across the various trimesters and provide a summary of the
effect size of this biomarker in predicting adverse pregnancy outcomes. MEDLINE,
Scopus, CENTRAL, Clinicaltrials.gov, and Google Scholar databases were system-
atically searched from inception. Observational studies were held eligible if they
reported serum uric acid among preeclamptic and healthy pregnant women. Meta-
analysis was conducted regarding uric acid concentration, diagnostic accuracy, and
association with perinatal outcomes. The credibility of evidence was appraised
using the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) framework. The analysis included 196 studies, comprising 39 540 women.
Preeclampsia was associated with significantly elevated uric acid levels during the 1st
(mean difference [MD]: 0.21 mg/dL, 95% confidence intervals [CI]: 0.06-0.35) trimes-
ter, 2nd (MD: 1.41 mg/dL, 95% Cl: 0.78-2.05) trimester, and 3rd (MD: 2.26 mg/dL,
95% Cl: 2.12-2.40) trimester. Higher uric acid was estimated for severe preeclampsia,
eclampsia, and hemolysis, elevated liver enzymes, low platelet syndrome. The sensi-
tivity for adverse perinatal outcome prediction ranged from 67.3% to 82.7% and the
specificity from 47.7% to 70.7%. In conclusion, it is suggested that serum uric acid
levels are increased in preeclampsia and can be used to predict disease severity and
pregnancy complications. Future prospective studies should verify these outcomes,

assess the optimal cutoffs, and incorporate uric acid to combined predicting models.

invasion and deficient spiral artery remodeling lead to placental

ischemia-reperfusion injury* and the release of various angio-

Preeclampsia represents a major pregnancy complication, as it is
linked to high maternal and fetal morbidity rates.? It is estimated
to affect approximately 5%-8% of gestations, although its inci-
dence presents wide variation worldwide.? Early-onset disease
is defined as preeclampsia diagnosed before the 34th week of
pregnancy and is associated with worse prognosis, as it is often
complicated by fetal growth restriction and preterm birth.® The
pathophysiology of preeclampsia is complex and remains still

under investigation. It is hypothesized that poor trophoblast

genic,” oxidative,® and inflammatory’ mediators into maternal
circulation, promoting generalized endothelial dysfunction, in-
creased vascular reactivity, and activation of the coagulation
cascade.® Risk stratification is essential in order to identify the
subpopulation of pregnant women that would benefit from pre-
ventive measures early in the course of gestation, especially the
administration of aspirin. Recent research has proposed a variety
of novel biomarkers as potential predictive tools, such as solu-

ble fms-like tyrosine kinase-1 (sFlt-1) and placental growth factor
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(PIGF)™; nevertheless, the optimal screening model to be widely
used in clinical practice remains a matter of debate.*

Uric acid is the end product of purine metabolism, produced
via the action of xanthine oxidase and plays a central role in free
radical scavenging, presenting both pro-oxidant and antioxidant
properties.12 During normal pregnancy, serum urate concentration
is significantly decreased due to plasma volume expansion, while
its clearance is amplified by the increased glomerular filtration
rate and the uricosuric effects of estrogen.13 On the other hand,
preeclampsia has been considered as a state of hyperuricemia,
mainly due to increased urate tubular reabsorption, stimulated by
the presence of relative hypovolemia and the action of angioten-
sin 11.¥* Uric acid excretion is also impaired as a result of lactate
competition in the proximal tubule, while its production is mag-
nified by the increased trophoblast turnover.'®> Moreover, it has
been assumed that uric acid may have a role in the progression
of the disease, since its elevated concentration may inhibit nitric
oxide production, leading to inadequate trophoblast invasion and
impaired endothelial repair.t® Uric acid, both in its crystallized
and soluble forms, has been also suggested to be capable of ac-
tivating the NLRP3 (nucleotide-binding oligomerization domain-,
leucine-rich repeat-, and pyrin domain-containing protein 3) in-
flammasome, resulting in upregulated expression of pro-inflam-
matory cytokines, especially interleukin-1p.%

Serum uric acid concentration has been proposed as a pre-
eclampsia biomarker by several observational studies, although no
firm consensus exists about whether its alterations precede the
onset of disease, as well as regarding its utility to predict adverse
pregnancy and neonatal outcomes. Previous meta-analyses'®2° in
the field have indicated its potential predictive efficacy, although
the small number of the included studies and the existing hetero-
geneity of the presented outcomes preclude the draw of safe con-
clusions. Evidence in the field of pregnancy complications seems
to be conflicting, and the accuracy of the method seems to be
debated.

In this context, the present meta-analysis aims to accumulate all
the available literature in the field and elucidate the possible prog-
nostic role of serum uric acid in the disease, as well as to provide a
summary effect estimate concerning the effectiveness of this pro-
tein in predicting preeclampsia complications and adverse perina-
tal outcomes. To achieve this, serum uric acid levels are compared
among pregnant women with and without preeclampsia and the sen-
sitivity and specificity of the marker for the prediction of maternal
and neonatal complications are estimated.

2 | MATERIALS AND METHODS

The present meta-analysis was designed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.?! The protocol of the study was prospectively
registered (dx.doi.org/10.17504/protocols.io.bcndivaé).
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2.1 | Eligibility criteria

The main outcome of interest was predefined to the comparison
of serum uric acid levels among preeclamptic and healthy pregnant
women in all gestational trimesters. In addition, the prognostic role
of uric acid was planned to be evaluated by comparing its levels
among women with mild and severe preeclampsia, as well as with
eclampsia and HELLP (hemolysis, elevated liver enzymes, and low
platelet count) syndrome. Studies were also held eligible if they re-
ported the diagnostic accuracy of serum uric acid in terms of sen-
sitivity and specificity for preeclampsia detection or prediction of
adverse perinatal outcomes (rate of cesarean section, fetal growth
restriction, low birthweight, preterm birth, 5-minute Apgar score <7,
fetal or neonatal death).

Studies were excluded if they included cases with comorbidi-
ties, such as pre-existing hypertension, diabetes mellitus, or auto-
immune disease. Women with gestational hypertension were also
not included in the present analysis. The control group consisted of
healthy pregnant women, without evidence of any gestational com-
plication. No date restrictions were applied, and thus, preeclampsia
definition was not considered as a criterion for exclusion.

2.2 | Literature search and data collection

Literature search was conducted using the MEDLINE, Scopus,
Cochrane Central Register of Controlled Trials (CENTRAL), and
Clinicaltrials.gov databases. The Google Scholar database, the full
reference list of all the included articles (“snowball method”), and
previous systematic reviews and meta-analyses in the field were also
screened in order to find out potential additional articles, not identi-
fied by the primary databases. Search was performed from incep-
tion to October 15, 2019, and was based on the use of the Medical
Subject Headings (MeSH) terms "Pre-Eclampsia"[Mesh] and "Uric
Acid"[Mesh] combined with the following key terms: “urate”, “hyper-
uricemia”, “preeclampsia”, “eclampsia”, “gestational hypertension”.
No language or date restrictions were applied.

2.3 | Study selection

The process of study selection was consecutively performed in three
stages. Firstly, the titles and abstracts of all electronic papers were
screened to assess their potential eligibility. All studies that were
presumed to meet the criteria were retrieved as full texts. Finally, all
observational studies (prospective or retrospective), reporting the
outcomes of interest, were considered to be eligible. Small case se-
ries (<10 patients), case reports, conference proceedings, and animal
studies were excluded from the present systematic review. Study
selection was independently performed by two researchers, while
any potential disagreements regarding the retrieval of studies were

resolved through the consensus of all authors.
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2.4 | Data extraction

The following parameters were planned to be extracted from each
of the included studies: name of first author, year of publication,
study design, preeclampsia definition, disease onset, severity and
complications, type of sample (serum or plasma), trimester at sam-
pling, number of patients, maternal age, serum uric acid values, and
its sensitivity and specificity for prediction of preeclampsia or ad-
verse perinatal outcomes. The process of data extraction was per-
formed independently by two researchers, while any discrepancies

were resolved by the consensus of all authors.

2.5 | Data analysis

Statistical analysis of serum uric acid levels was performed in Review
Manager 5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2011) and Open Meta-Analyst software,??
as well as in R (3.6.1 version) programming environment using the
“metafor” package.?® Confidence intervals (Cl) were set at 95%, while
the DerSimonian-Laird random-effects model was implemented to
provide pooled estimates mean difference (MD) and standard devia-
tion (SD). Inter-study heterogeneity was quantified by the estimation
of between-study variance (%), while its influence was evaluated by
calculating the 95% prediction intervals (Pl), which indicate the effects
to be expected by future studies in the field. The estimation of 95% PI
was performed according to the equations proposed by IntHout et al.?*

Subgroup analysis was conducted on the basis of pregnancy tri-
mester (1st, 2nd, or 3rd), preeclampsia onset (early or late), severity
(mild or severe), and complications (eclampsia and HELLP syndrome).
Sensitivity analysis was conducted by separately examining pro-
spective cohort studies. Residual heterogeneity was explored by
conducting meta-regression analysis taking into account the follow-
ing parameters: year of publication, sample size, region, Newcastle-
Ottawa Scale score, study design, type of sample, and preeclampsia
definition. Meta-regression was not performed for covariate levels
with <3 studies. Publication bias was assessed by examining the pos-
sibility of small-study effects through the visual inspection of funnel
plots. The asymmetry of funnel plots was statistically evaluated using
Egger's regression?> and Begg-Mazumdar's rank correlation?® tests.

Diagnostic accuracy analysis was performed in R-3.6.1 (“mada”?’
and “bamdit”?® packages). A bivariate model was implemented, as
it takes into account the possible correlation between sensitivity
and specificity, due to the potential presence of threshold effect.
Bivariate summary receiver operating characteristic (SROC) curves
were constructed, and the areas under the curves (AUCs) were cal-
culated. Diagnostic accuracy analysis was used to assess the efficacy
of serum uric acid to detect preeclampsia during the 2nd trimester
and 3rd trimester of pregnancy, as well as its ability to predict ad-
verse perinatal outcomes. The “bamdit” package was also used as it
provides a Bayesian approach not requiring the assumption of nor-
mality and it allows the estimation of marginal and joint posterior

predictive distributions of sensitivity and specificity.

2.6 | Quality assessment

The Newcastle-Ottawa Scale (NOS) score?’ was selected to assess
the methodological quality of all included studies. Evaluation of bias
risk in case-control studies was performed by evaluating the domains
of selection of cases and controls, comparability of the two groups,
ascertainment of exposure, and non-response rate. Comparability
was judged by taking into consideration whether studies controlled
for maternal and gestational age. Cohort studies were evaluated
concerning the risk of bias in the following domains: patient selec-
tion process, the comparability of the exposed and non-exposed
cohorts, the assessment of outcome, and the adequacy of the fol-
low-up period. Studies included in the diagnostic accuracy analysis
were also evaluated with the QUADAS-2 (Quality Assessment of
Diagnostic Accuracy Studies-2) tool®° on the grounds of patient se-
lection, index test, reference standard, flow, and timing. Risk of bias
assessment was performed independently by two authors, while any
disagreement was discussed with all authors and was resolved by
their consensus.

Quality of evidence was evaluated under the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) framework,*! ranging from very low to high. More specifi-
cally, credibility of evidence was assessed by taking into account the
following domains: study limitations, directness, consistency, preci-
sion, and publication bias. In particular, study limitations were evalu-
ated based on risk of bias assessments (NOS score), while directness
was judged using the PICOS (population, intervention, comparison,
outcome, study type) approach. To assess consistency and precision,
clinically important effects were defined as serum uric acid differ-
ences of 20.5 mg/dL, indicating a range of equivalence from -0.5
to +0.5 mg/dL. In this context, consistency referred to the agree-
ment of 95% confidence and prediction intervals for each outcome
in relation to clinically relevant effects, while precision assessment
was made by taking into account whether 95% Cl extended into the
range of equivalence. Publication bias was evaluated by examining
the potential presence of small-study effects through the visual in-
spection of funnel plots.

3 | RESULTS
3.1 | Excluded studies

Eleven studies were excluded after being retrieved as full texts
(Appendix S1, Figure S1). Three studies were excluded, since they
were considered as partial duplicates of studies already included
in the meta-analysis. Moreover, one study was not included as it
evaluated women with gestational diabetes, while in three stud-
ies the control group consisted of women diagnosed with ges-
tational hypertension. The outcome of interest was not present
in another 4 studies, since they did not provide serum uric acid
values or enough data for the construction of the 2 x 2 tables
(Appendix S2).
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3.2 | Included studies

The present meta-analysis included a cohort of 196 observational
studies, with a total of 39 540 women (Appendix S2). Serum uric acid
was measured during the 1st trimester in 10 studies (18 620 women),
the 2nd trimester in 10 studies (16 976 women), and the 3rd trimes-
ter in 155 studies (23 345 women). Diagnostic accuracy analysis was
based on 27 studies; 22 of them evaluated the efficacy of serum
uric acid in the detection of preeclampsia during the 3rd trimester,
while the rest five assessed its predictive value during the 2nd tri-
mester of pregnancy. The analysis of adverse perinatal outcome
prediction (cesarean section, preterm birth, fetal growth restriction,
low birthweight, 5-minute Apgar score <7, fetal and neonatal death)
comprised eight studies, including 925 preeclamptic women. A pro-
spective design was followed by 46 studies, while the most com-
mon preeclampsia definition was the combination of hypertension

and proteinuria (162 studies). Serum was used in 167 studies for uric
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acid measurement, while plasma concentrations were reported in 31
studies (Appendix S3, Table S1).

3.3 | Data analysis

The outcomes regarding serum uric acid values are presented in
Table 1. Preeclampsia was associated with significantly higher serum
uric acid levels during the 1st (MD: 0.21 mg/dL, 95% Cl: 0.06-0.35)
trimester, 2nd (MD: 1.41 mg/dL, 95% Cl: 0.78-2.05) trimester, and
3rd (MD: 2.26 mg/dL, 95% Cl: 2.12-2.40) trimester of pregnancy.
Subgroup analysis revealed significantly elevated urate levels both
in early preeclampsia (MD: 2.36 mg/dL, 95% Cl: 1.42-3.30) and in
late-onset preeclampsia (1.79 mg/dL, 95% CI: 0.66-2.92). When the
two forms of the disease were compared, early-onset preeclampsia
was linked to higher uric acid concentration (MD: 0.49 mg/dL, 95%
Cl: 0.26-0.73).

TABLE 1 Outcomes of serum uric acid values among women with normal pregnancy, preeclampsia, and its complications

No. of No. of

Subgroup studies patients 72
Trimester of pregnancy

1st trimester 10 18 620

2nd trimester 10 16 976

3rd trimester 155 23 345
PE severity

Mild PE vs. control 29 3974

Severe PE vs. control 36 4331

Mild PE vs. severe PE 33 4193
PE onset

Early-onset PE vs. control 11 1527

Late-onset PE vs. control 10 2116

Early-onset PE vs. late-onset PE 17 2360
Eclampsia

Eclampsia vs. PE 11 931

Eclampsia vs. control 9 509
HELLP syndrome

HELLP syndrome vs. PE 4 811

Mean 95% confidence  95% prediction Quality of

difference intervals intervals evidence

0.04 021 [0.06, 0.35]* [-0.27,0.69] OO0
Low

0.95 1.41 [0.78, 2.05]* [-0.91, 3.73] CEEI@)

Moderate

0.69 2.26 [2.12, 2.40]* [0.83, 3.91]* CER]@)

Moderate

0.51 1.88 [1.61,2.16]* [0.39,3.37]* e300
Low

0.91 291 [2.58, 3.24]* [0.95, 4.88]* EEE]@)

Moderate

0.10 -1.03 [-1.17, -0.88]* [-1.58, -0.48]* 100
Low

0.15 2.36 [2.04, 2.69]* [1.42, 3.30]* L)

Moderate

0.22 1.79 [1.45,2.12]* [0.66, 2.92]* L@

Moderate

0.15 0.49 [0.26,0.73]* [-0.37,1.35] EIO@)
Low

1.38 1.29 [0.52, 2.07]* [-1.47, 4.05] L1O@)
Low

1.29 3.63 [2.81, 4.45]* [0.84, 6.42]* L)

Moderate

0.67 [0.33, 1.00]* [0.13, 1.21]* @)

Moderate

Abbreviations: HELLP, hemolysis, elevated liver enzymes, low platelets; PE, preeclampsia.

*P-value <.05.
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FIGURE 1 Forest plot summarizing the findings of the meta-analysis. A serum uric acid difference of 0.5 mg/dL was considered as
clinically important, defining thus a range of equivalence from -0.5 to +0.5 mg/dL. EOPE, early-onset preeclampsia; HELLP, hemolysis,
elevated liver enzymes, low platelets; LOPE, late-onset preeclampsia; PE, preeclampsia

Concerning disease severity, both mild (MD: 1.88, 95% Cl: 1.61-
2.16) trimester and severe (MD: 2.91 mg/dL, 95% Cl: 2.58-3.24) pre-
eclampsia were associated with significantly higher uric acid levels
compared with healthy pregnant controls, while women with the
mild form of the disease presented significantly lower urate val-
ues (MD: -1.03 mg/dL, 95% Cl: -1.17 to -0.88) compared to those
with severe preeclampsia. Moreover, eclampsia was linked to higher
serum uric concentration compared with both preeclamptic women
(MD: 1.29 mg/dL, 95% Cl: 0.52-2.07) and healthy pregnant controls
(MD: 3.63 mg/dL, 95% Cl: 2.81-4.45), while HELLP syndrome was
also associated with elevated urate levels compared with uncom-
plicated preeclampsia (MD: 0.67 mg/dL, 95% Cl: 0.33-1.00 mg/dL)
(Appendix S4, Figures $2-513).

Estimation of 95% prediction intervals indicated a significant out-
come regarding serum uric levels during the 3rd trimester (95% PI:
0.83-3.91), but not for measurements early in pregnancy. Statistical
significance was also achieved when preeclamptic cases were sub-
grouped according to disease onset (95% PI: 1.42-3.30 for early-on-
set preeclampsia and 0.66-2.92 for late-onset preeclampsia) and
severity (95% PI: 0.39-3.397 for mild preeclampsia and 0.95-4.88 for
severe preeclampsia). In addition, eclampsia presented significant
prediction intervals when compared to healthy (95% PI: 0.84-6.42)

but not to preeclamptic women (95% PI: -1.47 to 4.05). The com-
parison of women with HELLP syndrome and preeclampsia resulted
also in significant prediction intervals (95% PI: 0.13-1.21; Figure 1).

Meta-regression analysis (Appendix S5, Table S2) revealed that
the outcomes of serum uric acid measured during the 3rd trimester
were not significantly influenced by year of publication, sample size,
NOS score, study design, type of sample, or preeclampsia definition.
On the other hand, slight, albeit statistically significant effects were
noted for the covariates of preeclampsia definition (3 = -0.287, stan-
dard error: 0.137, P-value: .037) and year of publication (3 = 0.018,
standard error: 0.064, P-value: .018) in the 1st-trimester and 2nd-tri-
mester outcomes, respectively. Publication bias was suspected for
the outcomes of 3rd-trimester measurements, as well as for sever-
ity subgroups and eclampsia comparisons (Appendix S7, Table S3 &
Figures 5$15-526).

The analysis of prospective cohort studies indicated that pre-
eclampsia was associated with significantly higher serum uric acid lev-
els during the 1st trimester (MD: 0.25 mg/dL, 95% Cl: 0.15-0.43), 2nd
trimester (MD: 1.11 mg/dL, 95% Cl: 0.15-2.07), and 3rd trimester (MD:
2.13 mg/dL, 95% Cl: 1.84-2.42). Pooling of prospective studies also
demonstrated significantly increased values in women with both mild
(MD: 2.32 mg/dL, 95% Cl: 1.39-3.25) preeclampsia and severe (MD:
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3.02 mg/dL, 95% Cl: 2.18-3.86) preeclampsia. Mild cases presented
significantly lower uric acid concentration compared with severe ones
(MD: -1.29 mg/dL, 95% Cl: -1.80 to -0.78). Moreover, serum uric acid
levels were estimated to be higher in both early-onset (MD: 2.45 mg/
dL, 95% Cl: 1.98-2.93) preeclampsia and late-onset (MD: 1.55 mg/dL,
95% Cl: 1.30-1.81) preeclampsia compared with healthy pregnancy,
while no difference was evident between these two forms of the dis-
ease (MD: 0.45 mg/dL, 95% Cl: -0.28-1.19). Prospective data regard-
ing preeclampsia complications were limited, indicating that eclampsia
is linked to significantly higher uric acid levels compared with healthy
pregnancy (MD: 4.24 mg/dL, 95% Cl: 2.26-6.22) but not to preeclamp-
sia (MD: 1.12 mg/dL, 95% Cl: -1.27 to 3.51) (Appendix Sé, Figure S14).

Diagnostic accuracy analysis (Appendix S9, Table S5, &
Figures S27-S31) demonstrated that evaluation of serum uric acid
concentration during the 3rd trimester was able to detect pre-
eclampsia with an estimated sensitivity of 76.7% (95% Cl: 70.5-81.9)
and specificity of 79.6% (95% Cl: 74.2-84.1), while 2nd-trimester
measurements predicted preeclampsia with sensitivity of 78.6%
(95% Cl: 52.4-92.4) and specificity of 61.6% (95% Cl: 57.1-65.8).
Summary ROC curves are presented in Figure 2, indicating that eval-
uation of serum urate during the 3rd trimester resulted in higher ac-
curacy than during the 2nd trimester (AUC: 84.8% vs. 65.5%). The
outcomes of the analysis regarding adverse perinatal outcome pre-
diction (Appendix S10, Table S6, & Figures S34-540) are summarized
in Table 2. The mean sensitivity of the marker ranged from 67.3% to
82.7% and its specificity from 47.7% to 70.7%. Correspondingly, the
estimated AUCs ranged from 69.9% for low birthweight prediction
to 81.2% for the outcome of fetal death.

3.4 | Quality assessment

The outcomes of NOS score are exhibited in Table S2. More spe-
cifically, 8 (4.1%) studies were scored with 5 points, 62 (31.6%)
studies with 6, 84 (42.9%) studies with 7, and 42 (21.4%) studies
with 8 points, indicating an overall low-to-moderate risk of bias.
Downgrading mainly was decided for studies with an inadequate
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description of patient recruitment process, as well as when con-
founding was suspected due to differentiation of the compared
groups in terms of maternal or gestational age. The outcomes of
QUADAS-2 tool are presented in Appendices S9 and S10, indicating
that the main sources of bias risk came from the domains of patient
selection in case-control studies and index test, as most studies used
the optimal uric acid cutoff instead of a prespecified one. The re-
sults of quality of evidence assessment are provided in Appendix S8
(Table S4). The overall credibility of outcomes ranged from low to
moderate (Table 1), with downgrading to be applied in the domains

of consistency, precision, and publication bias.

4 | DISCUSSION

The present meta-analysis accumulated all current literature knowl-
edge concerning the role of serum uric acid in preeclampsia and
assessed its potential efficacy as a marker of severity and disease
complications. The outcomes suggest that preeclampsia is associated
with significantly increased serum uric acid concentration compared
with normal pregnancy, a finding that was based on a large number
of patients and applied for all disease phenotypes. Measurements
during the first two gestational trimesters also demonstrated sig-
nificantly higher values in women that later developed preeclampsia;
however, the estimated prediction intervals did not reach statisti-
cal significance, and thus, the reproducibility of this result by future
studies could not be ensured. The prognostic impact of serum uric
was supported, since a significant elevation was noted in women
with the severe form of the disease, as well as in those diagnosed
with eclampsia and HELLP syndrome.

Diagnostic accuracy analysis indicated that third-trimester eval-
uation of serum urate levels may serve as a useful tool to strengthen
preeclampsia diagnosis, as a high sensitivity was achieved (76.7%).
Its predictive efficacy during the 2nd trimester was also calculated
to be promising, presenting high sensitivity (78.6%), although the
limited available data along with the high variation of the reported
cutoffs preclude its direct applicability in clinical practice for this
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TABLE 2 Outcomes of serum uric

. e o e o
Pregnancy outcome :(a)'tlent ZT]n(i/Lt;wty e Z‘;ﬁ;f;c'ty e &;C acid ability to predict adverse perinatal
outcomes
Cesarean section 388 71.9[62.2,79.9] 63.9 [51.1,75.1] 73.8
Fetal growth restriction 599 76.5 [65.3, 85.0] 62.7 [45.0, 77.5] 77.0
Low birthweight 440 67.3[59.5,74.2] 70.7 [41.9, 89.0] 69.9
Preterm birth 545 68.6 [53.2, 80.8] 67.9 [52.5, 80.2] 73.4
5-minute Apgar score <7 659 74.2 [66.4,80.8] 64.11[49.2,76.7] 75.8
Fetal death 599 82.7 [67.7,91.6] 51.9 [42.8, 60.9] 81.2
Neonatal death 480 81.7 [64.0,91.8] 47.7 [34.6, 61.2] 71.3

Abbreviations: AUC, area under the curve; Cl, confidence intervals.

purpose. The performance of uric acid levels for the prediction of
adverse perinatal outcomes was proposed to be moderate (sensitiv-
ity: 67.3% to 82.7%) and was mainly based on the outcomes of small-
scale studies; nonetheless, it should be highlighted that conventional
predefined threshold values were predominantly used, and thus, a
more realistic estimate was obtained.

The value of uric acid has also been supported by studies incor-
porating its serum levels in combined models, indicating enhanced
predictive efficacy when they were used in conjunction with clinical,
biochemical, and ultrasound biomarkers.®?% From a pathophysiolog-
ical point of view, it has been hypothesized that uric acid may not
represent merely an innocent bystander, since it has been suggested
to promote preeclampsia progression through a feed-forward mech-
anism, by compromising spiral artery remodeling and stimulating the
activation of oxidative and inflammatory cascades.'® Nevertheless,
limited data are available regarding the potential effects of treating
hyperuricemia in women at risk of preeclampsia. More specifically,
the use of allopurinol has been studied in a clinical trial which showed
no benefit in terms of fetal and maternal complication reduction, al-
though serum uric acid levels were not effectively reduced.3* Similarly,
another trial examining the effects of the uricosuric probenecid
found no influence on preeclampsia progression, despite a significant
improvement of platelet count.®® As a result, future well-designed
trials are needed to evaluate whether serum uric acid reduction may
prevent or ameliorate the clinical course of the disease.

4.1 | Strengths and limitations of the study

The present meta-analysis represents the largest one in the field, as
it was based on a large cohort of studies, including 39 540 women.
To achieve this, five independent literature databases were searched
in a systematic manner, applying no date or language restrictions.
Gray literature was also not excluded from our analysis in order to
limit the effects of publication bias.3¢ At the same time, the applied
eligibility criteria were strict and studies available only as abstracts
or conference proceedings were not included, as they lack essential
information for the conduction of the planned analysis. No date re-
strictions were applied aiming to include all the available evidence

in the field. Heterogeneity was expected not to be negligible, and

thus, a multilevel approach was implemented to assess its impact. In
particular, extensive subgroup and meta-regression analyses were
performed and the implementation of prediction intervals permits
an estimation of the effects to be anticipated by future studies in
the field. As a result, the effects of several confounders such as
preeclampsia definition, study design, type of sample, and region
were taken into account, obtaining stable outcomes. In addition, the
estimated prediction intervals remained significant regarding serum
uric acid during the 3rd trimester, suggesting that this observation
is robust and should be expected by future populations. Similarly,
prediction intervals indicated significant associations of uric acid
levels with severe preeclampsia, eclampsia, and HELLP syndrome,
supporting thus that the marker may serve as a useful marker of pre-
dicting disease complications. The robustness of the outcomes was
strengthened as prospective cohort studies were separately pooled,
obtaining similar outcomes. Moreover, the credibility of outcomes
was evaluated under the GRADE framework, providing a pragmatic
interpretation of the available evidence concerning the prognostic
role of uric acid in preeclampsia.

On the other hand, the clinical usefulness of the presented results
is limited by several factors. Concerning the use of serum uric acid
levels as an index that would help determinate patients that would
require early treatment with aspirin, the results of our analysis on
studies involving women at the 1st trimester and 2nd trimester were
associated with wide prediction intervals, hence raising the necessity
of further evidence to ensure their validity. Significant differences
were detected in the third trimester; however, the reliability of diag-
nostic accuracy analysis was challenged by the case-control design
in conjunction with the use of optimal thresholds, especially studies
that involved women in the 3rd trimester of pregnancy. It should be
also noted that evidence regarding the prediction of perinatal com-
plications was limited, since the number of the available studies was

small and the heterogeneity in outcome reporting was high.
4.2 | Implications for current clinical practice and
future research

The findings of this meta-analysis corroborate the proposed link be-

tween hyperuricemia and preeclampsia, especially during the 3rd
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gestational trimester, while promising evidence is provided regarding
the potential role of serum uric acid as a biomarker of disease compli-
cations. However, the heterogeneity of outcome reporting and use of
optimal cutoffs hinder safe conclusions; thus, these outcomes need to
be verified by large-scale prospective cohort studies in order to define
the optimal gestational age for sampling, as well as to determine the
most appropriate cutoff value to be widely applied. Current evidence
is of moderate grade, although the summary effect estimate is of clini-
cal importance as the reported mean differences range between 2
and 3 mg/dL, which correspond approximately to 40% of the higher
acceptable normal value (7.0 mg/dL); therefore, further research
is of scientific significance in large-scale studies. The present study
may serve as a pilot which can guide future research as it provides
substantial evidence that can be used in the design of future stud-
ies, particularly when it comes to the assessment of the predictive
accuracy of the various thresholds which have been proposed to date.
This way it will be possible to minimize the risk of bias and provide
results that will be comparable, thus permitting generalization of find-
ings. Moreover, serum uric acid should be evaluated in multivariate
models in conjunction with other novel biomarkers, so as to construct
algorithms of optimal predictive efficacy. In this line, the implementa-
tion of artificial intelligence could be of significant usefulness as novel
statistical analyses, such as decision trees and neural networks, seem
to provide a more sensitive approach that increases the accuracy of
multivariate models. Finally, in the therapeutic setting, although evi-
dence concerning the benefit of drugs against uric acid seems to be
sparse to help reach firm conclusions, there is a significant amount of
space to permit reasoning. This is why well-designed clinical trials are
needed to elucidate whether anti-gout drugs such as allopurinol could
be used in the third trimester of pregnancy to optimize maternal and

neonatal outcomes among cases with preeclampsia.

5 | CONCLUSIONS

The present meta-analysis suggests that serum uric acid is signifi-
cantly elevated in pregnancies complicated by preeclampsia, pre-
senting moderate prognostic value in detecting disease severity and
the occurrence of complications. The credibility of evidence was as-
sessed to range from low to moderate, as several gaps were detected
in the methodology of the existing literature in the field. Given this
information, it is suggested that future well-designed prospective
studies are needed in order to shed light on populations that seem to
exhibit the most prominent differences (patients with severe, early-
onset preeclampsia, and those that are prone to develop eclampsia).
Moreover, the implementation of serum uric acid in predictive mod-
els in combination with established biomarkers could help determine
its potential additive value in the prediction of the disease as well as
the severity of accompanying complications.
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