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Abstract N\
Objective: The association between urinary tract infection (UTI) during pregnancy and preeclampsia (PE) continues to be the |
subject of debate. This meta-analysis aimed to examine the relationship between UTI during pregnancy and PE.

Study design: Observational studies up to October 2017, extracted from Medline, PubMed, Cochrane Library, and Embase
databases, were included in the analysis. Data were extracted to 4-fold table, and the pooled odds ratio (OR) and 95% confidence
intervals (Cls) of respective studies were calculated. Then meta-analysis was performed.

Results: Nineteen studies qualified the inclusion criteria. Urinary tract infection during pregnancy was found to be a risk factor for the
development of PE (OR: 1.31, 95% Cl: 1.22-1.40).

Conclusion: Occurrence of UTI during pregnancy increases the risk of PE in pregnant women. Screening for, and treatment of UTI
should be part of routine antenatal care, especially in developing countries.

Abbreviations: ASB = asymptomatic bacteriuria, AHRQ = Agency for Healthcare research and Quality, Cl = confidence interval,
DBP = diastolic blood pressure, NOS = Newcastle-Ottawa Scale, OR = odds ratio, PE = preeclampsia, SBP = systolic blood

pressure, UTI = urinary tract infection.

Keywords: meta-analysis, preeclampsia, urinary tract infection during pregnancy

1. Introduction

Preeclampsia (PE) is a multisystemic vascular syndrome of
pregnancy characterized by hypertension and proteinuria, which
typically occurs after 20 weeks of pregnancy. With an estimated
incidence of 0.2% to 9.2% in women, PE is a major contributor
to maternal and perinatal morbidity and mortality, especially
in underdeveloped settings. Although the exact etiology of PE
remains unknown, excessive activation of systemic inflammatory
response is thought to play a fundamental role in its pathogenesis.
It is based on the doctrine that any factor that can provoke the
maternal systemic inflammatory response may contribute to the
development of PE.
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Urinary tract infection (UTI) is a common occurrence during
pregnancy with an estimated incidence of approximately 20%. It
is thought to play a role in PE by serving to enhance maternal
systemic inflammatory response. UTI is also implicated as a
contributing factor in other complications such as premature
rupture of membranes, preterm birth, low birth weight infant,
fet?}]intrauterine growth restriction, and postpartum endometri-
tis.

A meta-analysis by Conde-Agudelo et al®! reported UTI as a
risk factor for PE [odds ratio (OR): 1.57, 95 % confidence interval
(CI) 1.45-1.70] in pregnant women. However, due to the marked
heterogeneity between the studies (I*=79%) included in the
meta-analysis, the results should be interpreted cautiously. In
addition, several new studies investigating the association of UTI
and PE have since been published which requires a fresh
evaluation of the available evidence. For example, contradictory
results were reported by 2 recently published studies: a
multicenter matched control study did not find any definitive
evidence of the association between UTI during pregnancy and
PE.B! In contrast, a population-based case-control study
reaffirmed the association between maternal UTI and develop-
ment of PE (OR: 1.22, 95% CI 1.03-1.45).!¥

The main aim of the present study was to evaluate the
relationship between UTI during pregnancy and PE by conduct-
ing a meta-analysis of relevant observational studies.

2. Materials and methods

Eligible studies up to October 2017 were identified from Medline,
PubMed, Cochrane Library, and Embase databases. The
following algorithm was employed for the literature search, in
abstract or in full-text words: (preeclampsia OR pregnancy
hypertension OR hypertensive disorders of pregnancy OR
pregnancy-induced hypertension OR gestosis OR gestational
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hypertension OR pregnancy-associated hypertension OR preg-
nancy toxemia) and (urinary tract infection OR cystitis OR
pyelonephritis OR  bacteriuria). The retrieved studies were
independently screened by 2 reviewers (LY and YJ). Any
disagreement pertaining to the inclusion or exclusion of studies
was resolved by consensus among the reviewers. Data extraction
from the included studies was performed independently by 2
reviewers (LY and Y]J), who were blinded to each other, and
subsequently cross-checked all the extracted data. Any disagree-
ment was resolved by consensus. The other 2 authors were
responsible for modification of the article (HH and BY). The
inclusion criteria were observational studies that investigated the
relationship between PE and UTI during pregnancy; use of
objective diagnostic criteria for PE: a multisystemic syndrome
during pregnancy, characterized by hypertension [defined as
systolic blood pressure (SBP) >140 mm Hg and/or diastolic blood
pressure (DBP) >90 mm Hg, or, a rise of 15 mm Hg in SBP and/or
30 mm Hg in DBP]; and proteinuria occurring after 20 weeks of
gestation. Proteinuria was defined as urinary protein excretion
>0.3g/24h, or, random urine specimen with >1+ by dipstick, or
>3 g/L; objective diagnostic criteria for UTI, including bacteriuria
and symptomatic UTI; studies published in English language;
studies that reported relative risks (RRs) or ORs, or, studies for
which the original data set, through which OR could be
calculated, was accessible. Case reports, literature reviews,
secondary analysis, and studies for which the original dataset
were not accessible, were excluded.

The following data were extracted from the studies: general
information: author details, year of publication, and geographic
catchment area of the study; basic elements of the study:
methodology, study groups, sample size, confounding factors,
time of pregnancy test, main findings; characteristics of subjects:
maternal age, race, socioeconomic and educational status, parity,
and body mass index; study outcomes reported as unadjusted
and/or adjusted RRs or odds ratio (ORs) and 95% Cls. Studies
were evaluated using the Newcastle-Ottawa Scale (NOS) for
quality assessment of case-control studies and cohort studies. In
addition, the cross-sectional studies were evaluated by the
Agency for Healthcare research and Quality (AHRQ). Those
studies with >5 points were thought to be of high quality.

Heterogeneity among the results of studies was assessed with
the Cochrane Q statistic, which included qualitative P value and
quantitative 1%,

Begg test was performed to detect publication bias. Data analyses
employed the most adjusted OR and 95% CI for the studies
included. Results obtained from different studies were combined to
produce a pooled OR with 95% CI. Finally, sensitivity analysis was
performed by sequential exclusion of 1 study at a time. All statistical
analyses were performed with Stata 12.0.

2.1. Ethical approval and consent from patients

The project was not primary research involving humans or
animals but was an analysis of human subject data available in
the public domain; and thus no ethical approval and patient
consent were required.

3. Results

3.1. Study selection

The literature search yielded 754 citations. After elimination of
duplicate citations, the full texts of studies were reviewed by
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authors (LY and YJ). Only 19 studies met the inclusion criteria
(Fig. 1); 5 studies were excluded according to the inclusion
criteria and exclusion criteria. Out of the 19 studies, 14 studies (6
cohort," ™% 1 cross-sectional study,™ and 7 case-control
studies!27171) indicated UTI during pregnancy as a risk factor
for PE; the other 5 studies (both cohort!*®221) did not reveal any
association between the 2 (Table 1). As rated on the NOS and
AHRQ scale, all 19 studies scored >5 points, which attested to
their high quality. The possibility of publication bias was assessed
with Begg test (P=.208); the results showed no obvious effect of
publication bias on our analysis.

3.2. The relationship between UTI during pregnancy and
preeclampsia

Overall, the pooled OR with fixed-effects model was 1.31 (95%
CI: 1.22-1.40) (Fig. 2), which indicates UTI during pregnancy as
a risk factor for development of PE. In other words, the ratio of
UTI to non-UTT in PE is 1.31 times than that of non-PE. A low
level of heterogeneity was observed among the studies in this
respect (I>=36.8%, P=.055). On subgroup analysis, differences
with respect to sample size and economic level of subjects were
the main sources of heterogeneity, because the pooled ORs were
not similar to the overall pooled OR (Table 2).

3.3. Subgroup and sensitivity analysis

Subgroup analyses were performed based on sample size, study
design (cohort or cross-sectional study vs case control), economic
level (developed countries vs developing countries) and whether
adjustment was performed for body weight or parity. Table 2
shows the detailed results. On subgroup analysis, studies
conducted in developing countries were found to be associated
with a higher pooled OR (OR: 3.03, 95% CI 1.87-4.19) as
compared to that of studies conducted in developed countries
(OR:1.30, 95% CI 1.21-1.39). In addition, adjustment for body
weight and parity had no influence on the results (Table 2).

Sensitivity analysis of the observed association between
urinary tract infection and PE was performed. The results
showed that exclusion of any individual study had little influence
on the pooled OR (95% CI) (Fig. 3).

4. Discussion

4.1. Relationship between UTI during pregnancy and
preeclampsia

There are lingering questions regarding the nature of association
between maternal infection and PE.

Indeed the relationship between UTI during pregnancy and PE
has evoked much debate in the last 40 years. In the absence of any
definitive evidence, the precise nature of the association, whether
casual, confounded, or spurious, is yet to be elucidated. The
subject of our research is important as UTI is a common
occurrence in pregnant women, and can be easily diagnosed and
effectively treated. Detection of an association between UTI in
pregnancy and PE could help devise interventions for early
diagnosis and treatment of UTL, which would ameliorate a major
cause of complication in pregnant women.

Our study suggests that UTI during pregnancy had 1.31-fold
higher risk of PE. Minassian et al'! also found that pregnant
women with UTI were more likely to develop PE in mid-
pregnancy. Moreover, results from 2 nonrandomized clinical



Yan et al. Medicine (2018) 97:36

www.md-journal.com

Medline
N=149

Pubmed
N=566

Cochrane Library
N=29

Embase
N=10

Total citations
(N=754)

Y

Elimination of duplicate
citations (N=85)

N=669

Articles assessed
in full (N=24)

Studies included in
the review (N=19)

Screened titles and

abstracts (N=663)

Excluded citations according
to inclusion and exclusion
criteria (N=5)

Figure 1. Schema for study-selection for the meta-analysis. The literature search yielded 754 citations, and a total of 15 studies were included in our study.

[24] [25]

trials from Germany'™ and Croatia'™' suggest that antibiotic
treatment for bacteriuria could significantly reduce the incidence
of PE (OR: 0.22, 95% CI: 0.17-0.30 and OR: 0.36, 95% CI:
0.20-0.64, respectively), as compared to that in pregnant women
with untreated bacteriuria. Furthermore, a prospective cohort
study in 2013 claimed that pregnant women with asymptomatic
bacteriuria (ASB) (32—34 weeks of gestation) were ata 3.79 times
higher risk of developing PE as compared to pregnant women
without ASB; however, no significant difference was seen in early
screening and treatment of UTI (till 20 weeks of gestation)
between the 2.1 Overall, these findings imply that early screening
and treatment of UTI can reduce the incidence of PE.

In addition, our subgroup analysis revealed that pregnant
women with UTI in developing countries were at an increased
risk of PE as compared to their counterparts in developed
countries. This appears to be due to better quality of antenatal
care in the developed countries that includes regular screening for
UTL

Furthermore, obesity and primiparity are known high risk
factors for PE. In our subgroup analysis, adjustment for body
weight and parity had no influence on the results.

4.2. Pathogenesis

The pathogenesis of PE remains unclear so far, despite decades of
research. The pathophysiology of PE is believed to involve
aberrant placentation and systemic inflammation. In a study by
LaMarca et al®®! inflammatory responses in preeclamptic
pregnancies was found to be excessive as compared to that in
normal pregnancies. Uteroplacental atherosis is known to be
directly associated with PE. Moreover, inflammatory response
plays an important role in the initiation and enhancement of
uteroplacental atherosis. Therefore, it is plausible that infectious
disease, which increase systemic inflammatory burden would also
increase the risk of PE. During pregnancy, UTI is one of the most
common maternal infections, which can potentially lead to
activation of systemic inflammatory response and endothelial
injury; this in turn can lead to placental hypoxia and
uteroplacental atherosis, and eventual development of PE.

4.3. Strengths and limitations

This study reveals the relationship between UTI during
pregnancy and PE through meta-analysis, which is relatively
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Figure 2. Forest plots for overall results and heterogeneity test of the meta-analysis. The pooled odds ratio (OR) was 1.31 (95% ClI: 1.22-1.40), which indicates
urinary tract infection (UTI) during pregnancy as a risk factor for development of preeclampsia. And there was a low heterogeneity among the studies (P=.055 and

?=36.8%). Cl = confidence interval.

innovative. In addition, our findings are more reliable than those
of the meta-analysis by Conde-Agudelo et al'!, owing to the low
level of heterogeneity in our study. However, our meta-analysis
also has several limitations. We restricted the scope of our meta-

analysis to studies published in English language and missed
some articles, which may have introduced an element of
publication bias. Furthermore, some studies did not adjust for
potential risk factors in a consistent manner. Maternal age,

Subgroup analysis of the relationship between urinary tract infection during pregnancy and preeclampsia.

Subgroup No. studies PP Pooled odds ratio (95% CI)
Study design

Cohort or cross-sectional 12 377 (7.0%) 1.31 (1.21-1.41)

Case-control 7 011 (64.0%) 1.31 (1.12-1.51)
economic level

Developed countries 12 .166 (28.5%) 1.30 (1.21-1.39)

Developing countries 7 .596 (0.0%) 3.03 (1.87-4.19)
Sample size

<100 Women with preeclampsia 8 .300 (16.5%) 2.16 (1.51-2.81)

>100 Women with preeclampsia 1 201 (25.5%) 1.29 (1.20-1.39)
Adjustment for body weight

No 16 .037 (42.6%) 1.33 (1.22-1.43)

Yes 3 .371 (0.0%) 1.25 (1.05-1.46)
Adjustment for parity

No 13 .076 (38.6%) 1.3 (1.18-1.42)

Yes 6 .055 (36.8%) 1.33 (1.18-1.48)

Cl=confidence interval, UTI=urinary tract infection.
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Figure 3. Sensitivity analysis of the meta-analysis. Sensitivity analysis revealed that exclusion of any 1 study had little influence on the pooled odds ratio (OR; 95%

Cl). Cl = confidence interval.

prepregnancy obesity, and primiparity are known risk factors for ~ Author contributions

PE. The lack of adjustment for these confounding factors may
have slightly overestimated the OR. Finally, because of a lack of
randomized controlled trials, we had to consider only observa-
tional studies, which inevitably led to clinical heterogeneity as
compared to that associated with double-blind randomized
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To conclude, results of our meta-analysis are consistent with
those of previous studies which have implicated UTI as a risk

Furthermore, it lends credence to the importance of screening
for, and treatment of, UTI in pregnant women, especially in
developing countries. However, due to its nature, meta-analysis

Resources: Bin Yan.

S ision: Ling Yan, Hongdong Hang, Bin Yan.
factor for the development of PE in pregnant women. Vuperv1810n 1hg at, Tlongcong Tang, B tan
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is vulnerable to several forms of bias which may get introduced = References

during the stage of literature search, retrieval, review, and/or
data extraction. Randomized controlled trials with robust
methodology, and which take cognizance of the timeline of
events, dose-response association, and the treatment effects are
required to confirm the relation between UTI and PE of
pregnancy.
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