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aternal infection and risk of preeclampsia:
ystematic review and metaanalysis
gustín Conde-Agudelo, MD, MPH; José Villar, MD, MPH; Marshall Lindheimer, MD
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reeclampsia complicates about 3% of
all pregnancies and remains a major

ause of maternal and perinatal mortality
nd morbidity, and is particularly devas-
ating in developing countries.1,2 Despite
ecent progress towards understanding the
ause of preeclampsia and/or its pheno-
ypes, the etiology of this serious disorder
emains elusive.3 Current theories include
bnormal placentation, cardiovascular
aladaptation to pregnancy, genetic and

mmune mechanisms, an enhanced sys-
emic inflammatory response, and nutri-
ional, hormonal, and angiogenic fac-
ors.4,5 It seems probable, however, that

ultiple factors are involved.
Some have suggested that inflamma-

ion plays a key role in causing pre-
clampsia or its manifestations. Normal
regnancy evokes a mild increase in the
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ystemic inflammatory response that be-
omes considerably greater in pre-
clampsia.5 Based on this concept, some
uthors have hypothesized that infection
ight be involved in the etiology and

athogenesis of preeclampsia, both in
erms of its initiation (by increasing the
isk of acute uteroplacental atherosis)
nd/or its potentiation (by amplifying
he maternal systemic inflammatory
esponse).6,7

The primary aim of this systematic re-
iew was to critically examine the rela-
ionship between maternal infection and
he risk of preeclampsia by using both
ormal methods for systematic reviews of
bservational studies,8,9 and recom-
ended methods for assessing causal

ssociation.10,11

ATERIALS AND METHODS
he systematic review was conducted fol-

owing a prospectively prepared protocol
nd reported using the Metaanalysis of
bservational Studies in Epidemiology

MOOSE) guidelines for metaanalysis of
bservational studies.9

An initial search was performed in
EDLINE, EMBASE, POPLINE, CINAHL,

There are lingering questions regarding th
preeclampsia. Systematic review and me
studies that examined the relationship be
Forty-nine studies met the inclusion criteri
pregnant women with urinary tract infection
and periodontal disease (pooled odds rati
associations between preeclampsia and p
moniae, Helicobacter pylori, and cytomega
and malaria. Individual studies did not find
type 2, bacterial vaginosis, and Mycoplas
infection and periodontal disease during pr
of preeclampsia. More studies are required
or not such relationships are causal and,

Key words: maternal infection, periodonta
infection
nd LILACS (all from inception to June w
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0, 2007) to identify potentially eligible
tudies. We applied the following algo-
ithm both in MeSH and in free-text
ords: (infection OR inflammation)
ND (preeclampsia OR eclampsia OR
estosis, EPH OR pregnancy toxemia
R pregnancy-induced hypertension
R hypertensive disorders of pregnancy
R gestational hypertension OR preg-
ancy-associated hypertension OR preg-
ancy hypertension). A secondary com-
uterized search was conducted using
he name of each infection or microor-
anism identified in the initial search
nd the MeSH or free-text words for hy-
ertensive disorders of pregnancy de-
cribed previously. We also searched in
roceedings of international meetings
n preeclampsia, bibliography of the re-
rieved articles, reviews, and chapters in
tandard textbooks on hypertension on
regnancy, and also contacted investiga-
ors involved in the field to locate un-
ublished studies. No language restric-
ions were imposed. If a study evaluated
everal infections or microorganisms,
ach one of them was considered
ndependently.

All of the potentially relevant studies

sociation between maternal infection and
nalysis was conducted of observational
en maternal infection and preeclampsia.
he risk of preeclampsia was increased in
oled odds ratio, 1.57; 95% CI, 1.45-1.70)
.76; 95% CI, 1.43-2.18). There were no
ence of antibodies to Chlamydia pneu-
irus, treated and nontreated HIV infection,
relationship between herpes simplex virus
hominis and preeclampsia. Urinary tract

ancy are associated with an increased risk
verify this as well as to explore whether

o, the mechanisms involved.

isease, preeclampsia, urinary tract
e as
taa
twe
a. T
(po

o, 1
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a

ma
egn

to
if s

l d
ere retrieved and reviewed by 1 of the
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nvestigators (A. C-A), who determined
nclusion using the following minimal
riteria: (1) cohort, cross-sectional, or
ase-control studies that evaluated the
pidemiologic, clinical, or pathologic as-
ociation between any maternal infec-
ion or microorganism and preeclamp-
ia; (2) the authors explicitly included
ypertension after 20 weeks’ gestation
lus proteinuria in their definition of
reeclampsia. Hypertension was defined
s a diastolic blood pressure of at least 90
m Hg or a systolic pressure of at least

40 mm Hg. We also included the older
riteria of a rise of 15 and/or 30 mm Hg
ystolic and diastolic blood pressure, re-
pectively, to values below 140/90 mm
g, because a number of studies took

lace before the change in definition.
roteinuria was defined as the urinary
xcretion of �300 mg protein/24 hours,
r 2 random urine specimens obtained at

east 4 hours apart demonstrating �1�
y dipstick testing or measured as �30
g/dL. Case series or reports, editorials,

etters to the editor, or reviews without
riginal data, and studies examining
nly the relation between infection and
ypertensive states without proteinuria
ere excluded from the systematic re-
iew. Studies included in the systematic
eview were also included in the meta-
nalyses if they reported odds ratio (OR)
r relative risk (RR) estimates and its
5% confidence intervals (CIs), or pro-
ided the necessary information to cal-
ulate them. Finally, in addition to the
bservational studies, we surveyed both
andomized and nonrandomized trials
hat evaluated the effects of administer-
ng antibacterial or antiviral treatments
o pregnant women with infection on the
isk of preeclampsia.

Study quality assessment was judged
y the following 7 criteria believed to
e important for the quality of obser-
ational studies evaluating the rela-
ionship between maternal infection
nd preeclampsia8,12:

1. Women selection
Cohort or cross sectional studies
● Adequate: if women recruited

were representative of the entire

population (entire source popu-

American Journal of Obstetrics & Gynecology J
lation, unselected sample of con-
secutive women, or a random
sample).

● Inadequate: convenience sam-
pling (arbitrary recruitment or
nonconsecutive recruitment) or
when selection was not random
or unreported.

Case-control studies
● Adequate: women recruited

from the same population.
● Inadequate: women recruited

from different sources or
unreported.

2. Assessment of exposure (infection)
and outcome (preeclampsia)
● Adequate: ascertainment of both

infection and preeclampsia by
medical records or direct
measurement.

● Inadequate: ascertainment of
both infection and preeclampsia
by personal or telephone inter-
view, or self-administered ques-
tionnaire, or unreported.

3. Blinding of investigators to both
exposition and the outcome
● Adequate: measurement of both

infection and preeclampsia was
done while investigators were
blinded.

● Inadequate: not blinded or not
clear from the text or unreported.

4. Loss to follow-up or exclusions and
period of time for recruitment of
women

Cohort or cross sectional studies
● Adequate: if loss to follow-up or

nonvalid exclusions �10%.
● Inadequate: if loss to follow-up

or nonvalid exclusions �10%.
Case-control studies
● Adequate: case patients and con-

trol women recruited during the
same period of time.

● Inadequate: women recruited
from different periods of time or
unreported.

5. Control for confounding factors
● Adequate: if the study controlled

for at least maternal age and mark-

ers of socioeconomic status. b

ANUARY 2008
● Inadequate: if the study did not
control for at least maternal age
and markers of socioeconomic
status, or no adjustment was
performed.

6. Temporality of the association
● Adequate: if diagnosis of infec-

tion was made before the clinical
onset of preeclampsia.

● Inadequate: if diagnosis of in-
fection was made at or after the
clinical onset of preeclampsia
or not clear from the text or
unreported.

7. Report of dose-response gradient
● Adequate: if studies reported the

relationship between severity of
infection and the risk and/or se-
verity of preeclampsia.

● Inadequate: if studies did not re-
port the relationship between se-
verity of infection and the risk
and/or severity of preeclampsia.

One of the authors (A. C-A) assessed
he methodologic quality and abstracted
ata from each study according to de-
ign, geographic location of the study,
ample size, infection or microorganism
valuated, gestational age when the in-
ection was diagnosed, definition and se-
erity of preeclampsia, confounding fac-
ors controlled for by matching or
djustment, temporality of the associa-
ion, report of dose-response gradient,
nd unadjusted and/or adjusted RRs or
Rs ratios and 95% CIs.
The exposure (independent) variable
as the presence or absence of any indi-
idual infection (acute or chronic) or
pecific antibodies against infectious
gent or isolated infectious agent. The
utcome (dependent) variable was the
resence or absence of preeclampsia.
eparate analyses were conducted for
ach infection identified. The basic data
sed in the unadjusted analyses con-
isted of a series of 2�2 tables defined by
he dichotomous infection/noninfection
nd preeclampsia/non-preeclampsia for
ach study. To improve the precision of
he effect measure, 0.5 was added to cells
hat contain no observations.13 The OR
as used as the measure of the relation

etween infection and preeclampsia. Re-
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ults from different reports were com-
ined to produce a pooled OR with 95%
I according to the Mantel–Haenszel
ethod. We pooled results from indi-

idual studies using both fixed- and ran-
om-effects models. A random-effects
odel was associated with higher esti-
ates of association but wider 95% CI.
herefore, we chose to focus on the re-

ults from the fixed-effects model for
roviding a more conservative interpre-
ation of the results.

Only studies that provided an adjusted
stimate, either through the use of ap-
ropriate methods of analysis or through
atching of variables in the study de-

ign, were considered in adjusted meta-
nalyses. The data needed from each
tudy were the adjusted RR or the ad-
usted OR and its estimated standard er-
or (often obtained indirectly from the
onfidence interval reported in the
tudy).

Heterogeneity of the results among
tudies was formally tested with the
uantity I2, which describes the percent-
ge of total variation across studies that is
aused by heterogeneity rather than
hance.14 I2 can be calculated from basic
esults obtained from a typical meta-
nalysis as I2 � 100% � (Q-df)/Q, where

is Cochran’s heterogeneity statistic
nd df the degrees of freedom. Negative
alues of I2 are set equal to 0 so that I2 lies
etween 0% and 100%. A value of 0%

ndicates no observed heterogeneity,
hereas I2 values of 25%, 50%, and 75%,

ndicate low, moderate, and high heter-
geneity, respectively.14 For the associa-
ion between urinary tract infection and
reeclampsia, we explored sources of
eterogeneity using the following inde-
endent explanatory variables defined a
riori: (1) statistical model (fixed-effects
s random-effects); (2) study design (co-
ort or cross-sectional vs case-control);
3) study quality (those that meet �5
ethodologic criteria [high quality] vs

hose that meet �5 criteria [non-high
uality]); (4) sample size (studies with
100 women with preeclampsia vs stud-

es with �100 preeclamptics); (5) study
etting (studies from North America
ompared with those from Australia, Eu-
ope, and developing countries); (6) date

f publication (before 1990 vs at or after t
990); (7) adjustment for confounding
actors (studies that adjusted for at least

aternal age and socioeconomic status
ompared with those that did not con-
rol for at least maternal age and socio-
conomic status); and (8) type of infec-
ion (studies evaluating “asymptomatic
r symptomatic bacteriuria” vs studies
valuating “urinary tract infection”).
ubgroup and sensitivity analyses were
erformed pooling unadjusted ORs pro-
ided by the studies. Because of the lim-
ted number of studies included in the

eta-analyses, we could only perform
ome subgroup analyses for the associa-
ion between preeclampsia and both
eriodontal disease and Chlamydia
neumoniae.
We prepared funnel plots to detect

ublication and location biases. We used
he regression approach to assess funnel
lot asymmetry with P � .10 indicating
ignificant asymmetry.15 All statistical
nalyses were performed with the Stats-
irect version 2.5.6. (StatsDirect Ltd, Al-

rincham, UK).

ESULTS
he searches produced 1816 citations of
hich 88 were considered relevant (77

hrough computer search, and 11 from
eferences cited in articles). Thirty-nine
tudies were excluded, mainly because
hey lacked data relating maternal infec-
ion and preeclampsia (79%) or in-
luded women without proteinuria in
he preeclampsia group (13%). Refer-
nces for excluded studies can be ob-
ained from the authors. Forty-nine
tudies (27 case-control, 19 cohort, and 3
ross-sectional)16-64 met the inclusion
riteria of which 40, including a total of
82,308 women, provided data for meta-
nalyses. A case-control study18 was
ested in a randomized controlled trial

hat assessed the effect of antibiotic treat-
ent for bacteriuria on preeclampsia

nd other pregnancy outcomes. Eleven
tudies (22%) were conducted in the
nited States and the remaining (n �

8) were conducted in 27 countries from
atin America (7 countries), Asia (7
ountries), Europe (8 countries), Africa
3 countries), North America (1 coun-

ry), and Australia. We also found 3 non- t

JANUARY 2008 A
andomized studies65-67 and 2 random-
zed controlled trials18,68 that evaluated
he effect of treatment for infections dur-
ng pregnancy on the risk of preeclamp-
ia, which are discussed separately.

Study characteristics and main find-
ngs of included studies are shown in Ta-
le 1. The sample size in the cohort or
ross-sectional studies ranged from 6949

o 38,151.32 One cross-sectional study
ncluded more than 4.5 million hospital-
zations of pregnant women in the US.59

he number of case subjects enrolled in
ase-control studies ranged from 1535 to
2621 and the corresponding number of
ontrol subjects ranged from 1441 to
355.29 Seventeen studies provided data
n the relationship between preeclamp-
ia and urinary tract infection,16-32 9 on
he relation with periodontal dis-
ase,33-41 7 on the relation with HIV in-
ection,53-59 6 on the relation with Chla-

ydia pneumoniae,44-47,49,50 4 on the
elation with malaria,60-63 3 on the rela-
ion with cytomegalovirus,42,43,46 2 on
he relation with Helicobacter pylori,45,52

nd 1 each on the relation with Epstein–
arr virus,42 herpes simplex virus type
,42 Mycoplasma hominis,48 adeno-asso-
iated virus-2,51 and bacterial vagino-
is.64 Only 2 studies fulfilled all 7 meth-
dologic criteria. Twenty-six (53%)
ere considered to be of high quality.
he remaining 23 studies had 3 or more
ethodologic flaws. The most common

hortcomings were the failure to report
ose-response gradient, adjustment for
onfounding factors, and the absence of
ny information regarding blinding of
nvestigators in evaluating either expo-
ure or outcome.

rinary tract infection
eventeen studies involving a total of
317 women with preeclampsia evalu-
ted the relationship with urinary tract
nfection (asymptomatic bacteriuria,
ystitis, or pyelonephritis). Twelve stud-
es (6 cohort24,26,27,30-32 and 6 case-con-
rol18,19,22,23,28,29) reported an associa-
ion between urinary tract infection and
ncreased risk of preeclampsia. Five
tudies (3 cohort17,20,25 and 2 case-con-

rol16,21) found no association. Overall,

merican Journal of Obstetrics & Gynecology 9



TABLE 1
Characteristics of studies included in the systematic review according to type of infection and year of publication

First author,
year Region, country Design Cases/controls or cohort size

Methodologic quality

Main findings
Women
selection

Assessment of
infection and
preeclampsia Blinding

Lost to follow-up/
nonvalid
exclusions or
period of time for
recruitment Adjustment or matching

Moment of evaluation
of exposure

Report of
dose-response
gradient

URINARY TRACT INFECTION
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Bryant,196416 Dallas, USA Case-control 32 infected women/44
noninfected women

Adequate Adequate Unreported Adequate Age, race, socioeconomic
status, parity

At first antenatal visit No No association between asymptomatic
bacteriuria and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Low, 196417 Toronto, Canada Cohort 771 Adequate Adequate Unreported Unreported None At first antenatal visit No No association between asymptomatic
bacteriuria and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Kincaid-Smith,
196518

Melbourne, Australia Nested case-
control

240 infected women/500
noninfected women

Adequate Adequate Adequate Adequate None At first antenatal visit No Bacteriuria was associated with
increased risk of preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Stuart, 196519 Jamaica Case-control 88 infected women/729
noninfected women

Adequate Adequate Adequate Adequate None At first antenatal visit No Bacteriuria was associated with
increased risk of preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Little, 196620 United Kingdom Cohort 5000 Adequate Adequate Unreported Unreported None At first antenatal visit No No association between bacteriuria
and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Brumfitt,
197521

London, United
Kingdom

Case-control 426 infected women/477
noninfected women

Adequate Adequate Unreported Adequate None At first antenatal visit No No association between bacteriuria
and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Savige,
198322

Melbourne, Australia Case-control 51 women with preeclampsia/
72 women without
preeclampsia

Inadequate Adequate Unreported Inadequate None Controls at first trimester
of pregnancy; cases
at delivery

No Bacteriuria was associated with
increased risk of preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Hill, 198623 Augusta, USA Case-control 100 women with preeclampsia/
200 women without
preeclampsia

Adequate Adequate Unreported Unreported Age, number of vaginal
examinations

At delivery No Asymptomatic bacteriuria was
associated with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Gilbert,
198624

Melbourne, Australia Cohort 340 Adequate Adequate Unreported Adequate None At first antenatal visit No Bacteriuria was associated with
increased risk of preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Qureshi,
199425

Karachi, Pakistan Cohort 1597 Adequate Adequate Unreported Unreported None At first antenatal visit No No association between bacteriuria
and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Schieve,
199426

Chicago, USA Cohort 25,746 Adequate Adequate Adequate Adequate Age, race, outcome of
previous pregnancy,
hospital of delivery,
genital tract infection

During antepartum
period

No Urinary tract infection was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Hsu, 199527 Baltimore, USA Cohort 13,852 Adequate Adequate Adequate Unreported Method of delivery, use
of oxytocin,
premature rupture of
membranes,
gestational age

Antepartum and
intrapartum periods

No Urinary tract infection was associated
with increased risk of severe
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Abi-Said,
199528

Houston, USA Case-control 66 women with eclampsia/264
women without
preeclampsia

Adequate Inadequate Adequate Adequate Age, parity, marital
status, ethnicity,
employment,
smoking, alcohol,
prenatal care,
obesity, history of
diabetes, and
preeclampsia

During pregnancy No Urinary tract infection was associated
with increased risk of eclampsia

Continued on page 11.
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TABLE 1
Characteristics of studies included in the systematic review according to type of infection and year of publication
Continued from page 10.

First author,
year Region, country Design Cases/controls or cohort size

Methodologic quality

Main findings
Women
selection

Assessment of
infection and
preeclampsia Blinding

Lost to follow-up/
nonvalid
exclusions or
period of time for
recruitment Adjustment or matching

Moment of evaluation
of exposure

Report of
dose-response
gradient

Mittendorf,
199629

Boston, USA Nested case-
control

386 women with preeclampsia/
2355 women without
preeclampsia

Adequate Adequate Adequate Unreported Age, parity, pre-
pregnancy body mass
index, education,
race, smoking, infant
sex, prenatal care,
prior abortion,
working during
pregnancy, marital
status, payment
status

During pregnancy No Urinary tract infection was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Lee, 200030 Taiwan Cohort 29,735 Adequate Adequate Adequate Unreported Age, parity, pre-
pregnancy body mass
index, education,
marital status,
working during
pregnancy, infant
sex, previous
preeclampsia,
diabetes mellitus,
conception method,
obstetric history,
uterine fibroids

During pregnancy No Urinary tract infection was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Villar, 200631 Rosario, Argentina;
Havana, Cuba;
Jeddah, Saudi
Arabia; Khon
Kaen, Thailand

Cohort 32,147 Adequate Adequate Adequate Adequate Age, parity, socio-
economic status, twin
pregnancy, smoking,
obstetric and medical
history, obesity,
hemorrhage in first or
second trimester

During pregnancy No Urinary tract infection was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Bánhidy
200732

Hungary Cross-sectional 38,151 Adequate Adequate Adequate Unreported Maternal age, birth order,
employment, marital
status

During pregnancy No Urinary tract infection was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

PERIODONTAL DISEASE
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Boggess,
200333

North Carolina, USA Cohort 850 Adequate Adequate Adequate Adequate Age, race, smoking,
insurance status,
gestational age at
delivery

At enrollment (�26
weeks’ gestation)
and 48 hours
antepartum

Yes Severe periodontal disease at delivery
was associated with increased
risk of preeclampsia. No
association between periodontal
disease at enrolment and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Canackci,
200434

Turkey Case-control 41 women with preeclampsia/
41 women without
preeclampsia

Adequate Adequate Adequate Adequate Age, gravidity, parity,
smoking, prenatal
care, ethnicity,
education, household
income, marital
status, maternal
weight

Within 48 hours before
delivery

No Periodontal disease was associated
with increased risk of
preeclampsia

Continued on page 12.
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TABLE 1
Characteristics of studies included in the systematic review according to type of infection and year of publication
Continued from page 11.

First author,
year Region, country Design Cases/controls or cohort size

Methodologic quality

Main findings
Women
selection

Assessment of
infection and
preeclampsia Blinding

Lost to follow-up/
nonvalid
exclusions or
period of time for
recruitment Adjustment or matching

Moment of evaluation
of exposure

Report of
dose-response
gradient

Oettinger-
Barak,
200535

Haifa, Israel Case-control 15 women with preeclampsia/
15 women without
preeclampsia

Adequate Adequate Adequate Adequate Age, socioeconomic
status, gestational
age

Up to 48 hours before
delivery

No Periodontal disease was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Contreras,
200636

Cali, Colombia Case-control 130 women with preeclampsia/
243 women without
preeclampsia

Adequate Adequate Adequate Adequate Age, parity, smoking,
prenatal care,
education, marital
status, household
income, maternal
weight

Within 48 hours before
delivery

Yes Periodontal disease was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Castaldi,
200637

Bahia Blanca,
Argentina

Cohort 1562 Adequate Adequate Adequate Adequate Smoking, anemia Within 72 hours after
delivery

Yes No association between periodontal
disease and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Khader,
200638

Jordan Case-control 115 women with preeclampsia/
230 women without
preeclampsia

Adequate Adequate Adequate Adequate Maternal age, education,
parity, pre-pregnancy
body mass index,
emotional stress,
personal and familial
history of
preeclampsia, familial
history of
cardiovascular
disease, twin birth,
occupation, smoking,
insurance, household
income

Within 24 hours after
delivery

No No association between periodontal
disease and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Cota, 200639 Belo Horizonte, Brazil Case-control 109 women with preeclampsia/
479 women without
preeclampsia

Adequate Adequate Adequate Adequate Maternal age, chronic
hypertension,
primiparity, smoking,
alcohol use,
educational level, and
number of prenatal
visits

Within 48 hours after
delivery

No Periodontal disease was associated
with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Kunnen,
200740

Groningen, The
Netherlands

Case-control 17 women with preeclampsia/
35 women without
preeclampsia

Adequate Adequate Unreported Adequate Maternal age, body mass
index, smoking,
educational level

3-28 months postpartum Yes Severe periodontal disease was
associated with increased risk of
early onset preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Barak, 200741 Haifa, Israel Case-control 16 women with preeclampsia/
14 women without
preeclampsia

Adequate Adequate Adequate Adequate Maternal age At delivery No Women with preeclampsia had a
higher prevalence of
periopathogenic bacteria in
placental tissue than controls

Continued on page 13.
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TABLE 1
Characteristics of studies included in the systematic review according to type of infection and year of publication
Continued from page 12.

First author,
year Region, country Design Cases/controls or cohort size

Methodologic quality

Main findings
Women
selection

Assessment of
infection and
preeclampsia Blinding

Lost to follow-up/
nonvalid
exclusions or
period of time for
recruitment Adjustment or matching

Moment of evaluation
of exposure

Report of
dose-response
gradient

PERSISTENT BACTERIAL AND VIRAL INFECTIONS
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Trogstad,
200142

Norway Cohort 978 Adequate Adequate Unreported Unreported Age, parity 10 weeks’ gestation No Women with preeclampsia had lower
seroprevalence of IgG antibodies
to Epstein-Barr virus than
controls. No association between
seroprevalence of IgG antibodies
to herpes simplex virus type 2
and cytomegalovirus, and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Carreiras,
200243

Caracas, Venezuela Case-control 27 women with preeclampsia/
29 women without
preeclampsia

Adequate Adequate Unreported Unreported Ethnicity At delivery No No association between
cytomegalovirus infection and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Heine, 200344 Pittsburgh, USA Case-control 37 women with preeclampsia/
37 women without
preeclampsia

Adequate Adequate Unreported Adequate Age, race, smoking,
gestational age

Admission for labor and
delivery

Yes Women with preeclampsia had higher
seroprevalence of IgG antibodies
to Chlamydia pneumoniae than
controls. No association between
seroprevalence of IgA or IgM
antibodies to Chlamydia
pneumoniae and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Teran, 200345 Quito, Ecuador Cohort 84 Adequate Adequate Unreported Adequate Age 16 weeks’ gestation No No association between
seroprevalence of IgG antibodies
to Chlamydia pneumoniae and
Helicobacter pylori and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

von
Dadelszen,
200346

Vancouver, Canada Case-control 38 women with preeclampsia/
113 women without
preeclampsia

Adequate Adequate Adequate Adequate Age, parity, body mass
index

12-16 weeks’ gestation No No association between
seroprevalence of IgG antibodies
to cytomegalovirus and Chlamydia
pneumoniae and preeclampsia.
Women with early onset
preeclampsia had higher levels of
IgG antibodies to cytomegalovirus
than controls

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Raynor,
200447

Atlanta, USA Case-control 81 women with preeclampsia/
206 women without
preeclampsia

Adequate Adequate Unreported Adequate Age, race Admission for labour and
delivery

No No association between
seroprevalence of IgG antibodies
to Chlamydia pneumonia and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Nguyen,
200448

Lausanne,
Switzerland

Cross-sectional 395 Adequate Adequate Adequate Adequate Age, parity At 15-17 weeks=
gestation

No No association between mycoplasma
hominis in amniotic fluid and
preeclampsia

Continued on page 14.
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TABLE 1
Characteristics of studies included in the systematic review according to type of infection and year of publication
Continued from page 13.

First author,
year Region, country Design Cases/controls or cohort size

Methodologic quality

Main findings
Women
selection

Assessment of
infection and
preeclampsia Blinding

Lost to follow-up/
nonvalid
exclusions or
period of time for
recruitment Adjustment or matching

Moment of evaluation
of exposure

Report of
dose-response
gradient

Goulis, 200549 London, United
Kingdom

Cohort 69 Adequate Adequate Adequate Adequate None 16-22 weeks’ gestation
and 28-40 weeks’
gestation

No No association between
seroprevalence of IgG, IgM, and
IgA antibodies to Chlamydia
pneumoniae and preeclampsia.
Parous women with previous
preeclampsia had higher levels of
IgG, IgM, and IgA antibodies to
Chlamydia pneumoniae than
parous women with no previous
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Aral, 200650 Turkey Case-control 69 women with preeclampsia/
47 women without
preeclampsia

Adequate Adequate Unreported Unreported None At delivery No Women with preeclampsia had higher
seroprevalence of IgG antibodies
to Chlamydia pneumoniae than
controls. No association between
seroprevalence of IgA or IgM
antibodies to Chlamydia
pneumoniae and preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Arechavaleta-
Velasco,
200651

Pennsylvania, USA Case-control 40 women with severe
preeclampsia/27 women
without preeclampsia

Adequate Adequate Unreported Adequate Maternal age, gravidity,
parity

At delivery No Adeno-associated virus-2 DNA was
detected significantly more
frequently in trophoblast cells
from women with preeclampsia
than from normal controls

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Ponzetto,
200652

Turin, Italy Case-control 47 women with preeclampsia/
47 women without
preeclampsia

Adequate Adequate Unreported Adequate Age, smoking, weight
gain, prepregnancy
body mass index,
parity

At delivery No Women with preeclampsia had higher
seroprevalence of IgG antibodies
to Helicobacter pylori than
controls

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

HIV INFECTION
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Wimalasundera,
200253

London, United
Kingdom

Case-control 214 HIV-positive women/214
HIV-negative women

Adequate Adequate Unreported Adequate Age, parity, ethnicity During pregnancy Yes Higher risk for preeclampsia in treated
HIV-positive women than in
untreated HIV-positive women. No
difference in the rate of
preeclampsia between HIV-
positive women (treated or
untreated) and HIV-negative
women

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

de Groot,
200354

South Africa Case-control 81 HIV-positive women/170
HIV-negative women

Adequate Adequate Unreported Adequate Age, marital status,
parity, gravidity

During pregnancy No No difference in the rate of
preeclampsia between HIV-
positive women (8.6% treated)
and HIV-negative women

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Frank, 200455 Johannesburg, South
Africa

Cohort 2600 Adequate Adequate Unreported Adequate Age, parity, weight,
hemoglobin level,
clinic delivery,
gestational age at
delivery

During pregnancy No No difference in the rate of
preeclampsia between untreated
HIV-positive women and HIV-
negative women

Continued on page 15.
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TABLE 1
Characteristics of studies included in the systematic review according to type of infection and year of publication
Continued from page 14.

First author,
year Region, country Design Cases/controls or cohort size

Methodologic quality

Main findings
Women
selection

Assessment of
infection and
preeclampsia Blinding

Lost to follow-up/
nonvalid
exclusions or
period of time for
recruitment Adjustment or matching

Moment of evaluation
of exposure

Report of
dose-response
gradient

Mattar,
200456

Sao Paulo, Brazil Case-control 123 HIV-positive women/1708
HIV-negative women

Adequate Adequate Unreported Unreported Age, parity, ethnic group During pregnancy No Higher risk for preeclampsia in HIV-
negative women than in treated
HIV-positive women

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Suy, 200657 Barcelona, Spain Cohort 8768 Adequate Adequate Adequate Unreported Age, race, smoking,
parity, multiple
pregnancy, drug
abuse

During pregnancy No Higher risk for preeclampsia in treated
HIV-positive women than in HIV-
negative women

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Bodkin,
200658

Gauteng, South
Africa

Case-control 212 HIV-positive women/101
HIV-negative women

Adequate Adequate Unreported Adequate None During pregnancy No No difference in the rate of eclampsia
between HIV-positive women (no
treatment information) and HIV-
negative women (6/212 vs 1/101)

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Kourtis,
200659

USA (nation-based,
1994 and 2003)

Cross-sectional 4,289,490 hospitalizations in
1994 and 4,507,655
hospitalizations in 2003

Adequate Adequate Adequate Unreported Age, primary payer,
hospital location,
region, drug abuse,
anemia, urinary tract
infection, sexually
transmitted infections

During pregnancy No No difference in hospitalization rates
for preeclampsia between HIV-
infected women (no treatment
information) and uninfected
women

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

MALARIA
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Sartelet,
199660

Dakar, Senegal Case-control 32 women with preeclampsia/
220 normal controls

Adequate Adequate Unreported Adequate Age, parity, twin delivery,
date of delivery,
maternity center

At delivery No Malaria infection of the placenta was
associated with increased risk of
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Shulman,
200161

Kilifi, Kenya Cohort 862 Adequate Adequate Unreported Adequate Parity, socioeconomic
status, education,
body mass index, HIV
infection

At delivery No No association between malaria
infection of the placenta and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Dorman,
200262

Kilifi, Kenya Cohort 509 Adequate Adequate Adequate Adequate None 32-35 weeks’ gestation No No association between maternal
malaria infection and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

N’Dao, 200663 Dakar, Senegal Cohort 8273 Adequate Adequate Unreported Unreported Age, parity, residence,
malaria
chemoprophylaxis,
acute episodes of
malaria during
pregnancy

At delivery No No association between malaria
infection of the placenta and
preeclampsia

................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

BACTERIAL VAGINOSIS
................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Kurki, 200064 Helsinki, Finland Cohort 623 Adequate Inadequate Unreported Adequate Age, smoking, marital
status, social class,
gravidity, alcohol
consumption

8-17 weeks’ gestation No No association between bacterial
vaginosis and preeclampsia

Conde-Agudelo. Maternal infection and risk of preeclampsia. Am J Obstet Gynecol 2008.
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1

omen with urinary tract infection dur-
ng pregnancy were 57% (95% CI, 45-
0) more likely to develop preeclampsia
han women without urinary tract infec-
ion. There was statistical heterogeneity
mong studies results as confirmed by I2

alue of 79%. An examination for
ources of heterogeneity found that
tudies rated as non– high quality, case-
ontrol design, that were conducted in

TABLE 2
Sensitivity and subgroup analysis
between urinary tract infection du

Subgroup
No. of
(refere

Statistical model
..........................................................................................................

Fixed effects 1716-32

..........................................................................................................

Random effects 1716-32

...................................................................................................................

Study design
..........................................................................................................

Cohort or cross-sectional 917,20

..........................................................................................................

Case-control 816,18

...................................................................................................................

Study quality
..........................................................................................................

Met �5 criteria 916,18

..........................................................................................................

Met �5 criteria 817,20

...................................................................................................................

Sample size
..........................................................................................................

�100 women with
preeclampsia

916-19

..........................................................................................................

�100 women with
preeclampsia

820,23

...................................................................................................................

Geographic location of study
..........................................................................................................

North America 716,17

..........................................................................................................

Australia 318,22

..........................................................................................................

Europe 320,21

..........................................................................................................

Developing countries 419,25

...................................................................................................................

Year of publication
..........................................................................................................

Before 1990 916-24

..........................................................................................................

At or after 1990 825-32

...................................................................................................................

Adjustment for at least maternal
age and socioeconomic
status

..........................................................................................................

No 1017-25

..........................................................................................................

Yes 716,26

...................................................................................................................

Type of infection
..........................................................................................................

Bacteriuria 1016-25

..........................................................................................................

Urinary tract infection* 726-32

...................................................................................................................

* Includes asymptomatic bacteriuria, cystitis, and pyelonephr

Conde-Agudelo. Maternal infection and risk of preeclamp
orth America or Australia, or that did p

6 American Journal of Obstetrics & Gynecology
ot adjust for at least maternal age and
ocioeconomic status were associated
ith higher pooled ORs (Table 2). On

he other hand, studies rated as high
uality or that were conducted in Euro-
ean countries were associated with a re-
uction in the pooled ORs. Sample size,
ear of publication, and type of infection
ailed to provide an explanation for
tudy results heterogeneity because the

meta-analysis of the relationship
g pregnancy and preeclampsia
dies
s)

Pooled odds ratio
(95% confidence interval)

..................................................................................................................

1.57 (1.45-1.70)
..................................................................................................................

1.86 (1.49-2.32)
..................................................................................................................

..................................................................................................................
27,30-32 1.54 (1.41-1.68)
..................................................................................................................
21,22,23,28,29 1.79 (1.44-2.22)
..................................................................................................................

..................................................................................................................
26,28-32 1.46 (1.33-1.60)
..................................................................................................................
27 1.99 (1.69-2.33)
..................................................................................................................

..................................................................................................................
22,24,25,28 1.65 (1.30-2.11)

..................................................................................................................
27,29-32 1.56 (1.44-1.70)

..................................................................................................................

..................................................................................................................
26-29 1.99 (1.75-2.25)
..................................................................................................................

2.33 (1.52-3.56)
..................................................................................................................

1.24 (1.08-1.41)
..................................................................................................................
31 1.54 (1.28-1.85)
..................................................................................................................

..................................................................................................................

1.58 (1.27-1.97)
..................................................................................................................

1.57 (1.44-1.71)
..................................................................................................................

..................................................................................................................

2.05 (1.77-2.39)
..................................................................................................................
32 1.40 (1.27-1.55)
..................................................................................................................

..................................................................................................................

1.60 (1.30-1.98)
..................................................................................................................

1.57 (1.44-1.71)
..................................................................................................................

Am J Obstet Gynecol 2008.
ooled ORs calculated from these sub- w
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roups were very similar to the overall
ooled OR.

eriodontal disease
even case-control studies34-36,38-41 and
cohort studies33,37 rated as being of

igh quality, including a total of 639 pre-
clamptics, evaluated the association be-
ween periodontal disease and pre-
clampsia. Six of the 7 studies that used
he most stringent criteria for diagnosing
eriodontal disease (pocket depth, clini-
al attachment level, bleeding on prob-
ng, and gingival inflammation), found
hat active maternal periodontal disease
etected within 48 hours before or after
elivery,33-36,39 or 3-28 months’ post-
artum40 was associated with an in-
reased risk for the development of pre-
clampsia. In contrast, a cohort study,
ncluding 1562 economically disadvan-
aged women living in Argentina,37

ailed to identify a relationship between
eriodontal disease and preeclampsia
OR, 0.99; 95% CI, 0.70-1.40). Never-
heless, this study did not adjust for ma-
ernal age and socioeconomic status, and
id not use all the above mentioned
arameters for diagnosing periodontal
isease. A case-control study from Co-

ombia36 reported microorganisms Por-
hyromonas gingivalis, Tannerella for-
ythensis, and Eikenella corrodens were
ignificantly more prevalent in the pre-
clamptic group than in normotensive
ontrols. The study from The Nether-
ands40 found microorganism Micromo-
as micros, a known bacterial marker for
estructive periodontal disease, was
ore prevalent in the early onset pre-

clampsia group than in normotensive
roup. Nevertheless, there was no signif-
cant difference in the presence of other
eriodontophatic microorganisms such
s Porphyromonas gingivalis, Tannerella
orsythensis, Fusobacterium nucleatum,
nd Prevotella intermedia. Two stud-
es33,36 reported a dose-response associ-
tion in which the severity of periodontal
isease was directly associated with the
isk of preeclampsia (pooled OR, 2.37;
5% CI, 1.56-3.59 for mild periodontal
isease, and 3.90; 95% CI, 2.32-6.55 for
evere periodontal disease). Overall,
of
rin
stu
nce
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www.AJOG.org Obstetrics Reviews
ase during pregnancy had a 76% (95%
I, 43-118) increased risk of preeclamp-

ia compared with women without peri-
dontal disease. The large heterogeneity
f the study-specific ORs (80%) was due
rimarily to the results of the Argentin-
an study. Restricting the metaanalysis
o the 5 studies that used the most strin-
ent criteria for diagnosing periodontal
isease and that adjusted for at least ma-
ernal age and socioeconomic sta-
us,33,34,36,39,40 produced a less heteroge-
eous (I2 � 32%) pooled OR of 2.62
95% CI, 1.97-3.49).

Three case-control studies did not
rovide data in a format to be included

n the metaanalysis.35,38,41 One of these
tudies35 reported that the mean
ocket depth and clinical attachment

evel scores, and levels of proinflam-
atory mediators prostaglandin E2,

umor necrosis factor-�, and interleu-
in-1� were significantly higher in the
reeclamptic group than in normoten-
ive controls. Another study,38 which
ncluded 115 women with preeclamp-
ia and 230 normotensive controls
rom Jordan, found the number of de-
ayed surfaces in the preeclampsia
roup was significantly higher com-
ared to the controls. Nonetheless, no
ssociation was found between pre-
clampsia and other periodontal pa-
ameters such as probing depth, clini-
al attachment level, plaque index, and
ingival recession. A recent study41

rom Israel used polymerase chain re-
ction to detect periodontal bacteria in
lacental tissue obtained from cesar-
an sections of women with pre-
clampsia (n � 16) and normotensive
ontrols (n � 14). In the preeclampsia
roup, 8 of the 16 placenta specimens
ere positive for 1 or more perio-
athogenic bacteria compared to only
of the 14 samples from controls (OR,
.0; 95% CI, 1.0-35.9). Bacterial counts
ere significantly higher in the pre-

clampsia group than in the control
roup for all of the 6 periopathogenic
acteria examined (Tannerella forsyth-
nsis, Actinobacillus actinomycetem-
omitans, Prevotella intermedia, Por-
hyromonas gingivalis, Fusobacterium

ucleatum, and Treponema denticola). w
hlamydia pneumoniae
our case-control studies44,46,47,50 and 2
ohort studies,45,49 involving a total of
51 cases of preeclampsia, evaluated the
elationship between seroprevalence of
ntibodies to Chlamydia pneumoniae
nd preeclampsia. All assessed the pres-
nce of IgG antibodies, whereas 3 each
ssessed IgM44,49,50 and IgA44,49,50 anti-
odies. Four studies detected Chlamydia
neumoniae antibodies by enzyme

inked immunoassays46,47,49,50 and 2 by
icroimmunofluorescence assays.44,45

our studies adjusted for maternal
ge44-47 but none reported adjustment
or socioeconomic status. Two studies
eported that women with preeclampsia
ad higher seroprevalence of IgG anti-
odies to Chlamydia pneumoniae than
ontrols.44,50 The remaining 4 studies
id not report an association between
hlamydia pneumoniae IgG seropositiv-

ty and preeclampsia.45-47,49 In 2 of these
tudies,45,46 the seroprevalence of IgG
ntibodies to Chlamydia pneumoniae
as lower in women with preeclampsia

han in normotensive controls although
his difference was not statistically signif-
cant. One study found that parous
omen with previous preeclampsia had
igher levels of IgG, IgM, and IgA anti-
odies to Chlamydia pneumoniae than
arous women with no previous pre-
clampsia.49 The only study that evalu-
ted the risk of preeclampsia according
o increasing titers of IgG antibodies to
hlamydia pneumoniae failed to find a
ose-response association.44 The meta-
nalysis yielded a heterogeneous pooled
R of 1.11 (95% CI, 0.81-1.53) for the

elationship between Chlamydia pneu-
oniae IgG seropositivity and pre-

clampsia. Subsidiary analyses yielded a
ooled OR of 2.64 (95% CI, 1.15-6.04) in
he 2 studies that used microimmuno-
uorescence assays for detecting anti-
odies and an OR of 2.17 (95% CI, 1.09-
.31) in the 2 studies that did not adjust
or confounding factors. Pooled ORs ob-
ained from the 4 studies that used en-
yme-linked immunoassays to detect
ntibodies, the 4 case-control studies,
he 2 cohort studies, and the 4 studies
hat adjusted for confounding factors

ere similar to overall pooled OR sup- 9

JANUARY 2008 Am
orting a lack of association between
hlamydia pneumoniae IgG seropositiv-

ty and preeclampsia. There was no sig-
ificant difference in the seroprevalence
f IgM and IgA antibodies to Chlamydia
neumoniae between women with pre-
clampsia and normotensive ones in the
tudies that reported these data.

ther persistent bacterial and
iral infections
wo studies reported no association be-

ween seroprevalence of IgG antibodies
o cytomegalovirus and preeclamp-
ia.42,46 One, however, found that
omen with early onset preeclampsia
ad higher levels of IgG antibodies to cy-
omegalovirus than controls.46 In an-
ther study,43 where cytomegalovirus
as detected by means of polymerase

hain reaction, no significant difference
n rates of positivity between preeclamp-
ic women (54%) and normotensive
ontrols (41%) were found. Neverthe-
ess, the presence of cytomegalovirus in-
reased the risk of developing pre-
clampsia in women carrying specific
LA-DRB1 alleles (OR, 40.3; 95% CI,

.6-450.2), although this study included
nly 27 cases of preeclampsia. Two stud-

es evaluated the association between se-
oprevalence of IgG antibodies to Heli-
obacter pylori and preeclampsia.45,52

ne from Italy52 found that women with
reeclampsia had a significantly higher
eroprevalence of IgG antibodies to Hel-
cobacter pylori than controls whereas a
tudy from Ecuador45 failed to detect a
ignificant association. The presence of
gG antibodies to herpes simplex virus
ype 2,42 Mycoplasma hominis in amni-
tic fluid,48 and bacterial vaginosis64 was
ot associated with increased risk of pre-
clampsia. One study42 reported that
omen destined to develop preeclamp-

ia had lower seroprevalence of IgG an-
ibodies to Epstein–Barr virus at gesta-
ional week 10 than normotensive
ontrols. In a recent case-control study,
deno-associated virus-2 DNA was de-
ected significantly more often in extra-
illous or villous trophoblast cells from
omen with severe preeclampsia than

rom normotensive controls (OR, 5.38;

5% CI, 1.70-17.05).51 Moreover, this

erican Journal of Obstetrics & Gynecology 17
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1

tudy demonstrated that adeno-associ-
ted virus-2 efficiently infected extravil-
ous trophoblast cells and that such in-
ection induced decreased cell invasion
efore causing trophoblast cell death.

IV infection
even studies53-59 evaluated the associa-
ion between HIV infection during preg-
ancy and the risk of preeclampsia yield-

ng conflicting results. A case-control
tudy from the United Kingdom first re-
orted that among HIV-positive
omen, those who received no antiret-

oviral therapy had a rate of preeclamp-
ia significantly lower than those on tri-
le antiretroviral therapy (0% and
0.5%, respectively).53 However, there
as no significant difference in the rate
f preeclampsia between HIV-positive
omen (treated or untreated) and HIV-
egative women. The authors suggested

hat the association of HIV-related im-
une deficiency with a low rate of pre-

clampsia, and the restoration of this
ate in women treated with triple antiret-
oviral therapy to the expected rate
ould indicate a role of the immune sys-

em in the pathogenesis of preeclampsia.
cohort study from Spain57 reported

hat, compared with HIV-negative
omen, HIV-positive women treated
ith highly active antiretroviral therapy
rior to pregnancy had a significantly
igher risk for preeclampsia (adjusted
R, 4.9; 95% CI, 2.4-10.1). On the con-

rary, a case-control study from Brazil56

ound that HIV-positive women treated
ith antiretroviral therapy had a signifi-

antly lower risk for preeclampsia than
IV-negative controls (OR, 0.07; 95%
I, 0.01-0.49). Three other studies failed

o show any association between HIV in-
ection and both preeclampsia54,55 and
clampsia.58 A recent large nationwide
ross-sectional study from the United
tates59 reported no difference in hospi-
alization rates for preeclampsia between
IV-infected women and uninfected
omen (adjusted OR, 1.13; 95% CI,
.82-1.56) in 1994, and adjusted OR,
.00; 95% CI, 0.82-1.21 in 2003). Unfor-
unately, no treatment information was
vailable in this study. Overall, treated

nd untreated HIV infection was not as- o

8 American Journal of Obstetrics & Gynecology
ociated with the risk of developing pre-
clampsia (pooled OR, 0.76, 95% CI,
.46-1.26 and pooled OR, 0.97; 95% CI,
.67-1.39), respectively.

alaria and preeclampsia
our studies, which included about
0,000 women in total, assessed the rela-
ionship between malaria and pre-
clampsia. In 3,60,61,63 malaria infection
f the placenta was defined by histologi-
al observation of infected red cells or
alaria pigment in macrophages,
hereas in the remaining study,62 ma-

aria parasites were detected in blood us-
ng Giemsa staining at 32-35 weeks’ ges-
ation. The case-control study from
enegal60 reported a significant associa-
ion between malaria infection of the
lacenta and the risk of preeclampsia.
oreover, an increased proportion of

ases of preeclampsia among deliveries
ccurred during the transmission sea-
ons of malaria. The 3 cohort studies did
ot find a significant association be-

ween placental or maternal malaria in-
ection and the risk of preeclampsia. The
ooled OR for the association between
alaria infection and preeclampsia was

.93 (95% CI, 0.72-1.21).
Table III summarizes the pooled un-

djusted and adjusted ORs from obser-
ational studies reporting the associa-
ion between maternal infection and
reeclampsia. Urinary tract infection
nd periodontal disease were signifi-
antly associated with an increased risk
f preeclampsia. The pooled adjusted
Rs for these associations were some-
hat lower than pooled unadjusted
Rs but remained statistically signifi-

ant. There was no association between
he other maternal infections evalu-
ted and the risk of preeclampsia. No
vidence of publication biases were ob-
erved, as indicated by symmetric fun-
el plots (available from the authors on
equest) and a nonsignificant Egger
est (P � .10 for all of the associations
e studied).

reatment of maternal infection
nd risk of preeclampsia
hree clinical trials evaluated the effect

f antibiotic treatment for bacteriuria p

JANUARY 2008
uring pregnancy on the risk of pre-
clampsia. One randomized controlled
rial from Australia involving 145
omen noted that treatment with sul-
hamethoxydiazine or sulphadimidine
ompared to placebo did not affect the
isk of preeclampsia (OR, 1.18; 95% CI,
.40-3.44).18 Two nonrandomized clini-
al studies from Germany65 and
roatia66 (total of 1619 women) re-
orted that, compared to women with
ontreated bacteriuria, antibiotic treat-
ent for bacteriuria was associated with
statistically significant reduction in the

ncidence of preeclampsia (OR, 0.22;
5% CI, 0.17-0.30 and OR, 0.36; 95% CI,
.20-0.64), respectively). Results from a
onrandomized clinical study from
taly67 (731 women), indicated that,
ompared to low risk women who did
ot take any antibiotic during preg-
ancy, pregnant women treated with
piramycin because of seroconversion
or Toxoplasma gondii had a lower inci-
ence of preeclampsia, although the dif-

erence was not statistically significant
OR, 0.32; 95% CI, 0.06-1.68).

Recently, Michalowicz et al68 reported
he results of a multicenter trial in which
23 pregnant women with periodontal
isease were randomly assigned to un-
ergo scaling and root planing either
arly in the second trimester or after de-
ivery (the control group). Periodontal
reatment during pregnancy did not sig-
ificantly alter rates of preterm birth
12.0% in the treatment group and
2.8% in the control group) or pre-
clampsia (7.6% in the treatment group
nd 4.9% in the control group).

OMMENT

ur study, using the most rigorous
ethodology for performing systematic

eviews of observational studies, demon-
trates that both urinary tract infection
nd periodontal disease during preg-
ancy are associated with an increased
isk of preeclampsia. Moreover, there is
ome evidence suggesting that treating
rinary tract infections during preg-
ancy reduces the incidence of pre-
clampsia. These data support the hy-

othesis that infection may play a causal
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ole in the development of preeclampsia
r its phenotypes.
The relationship between urinary tract

nfection and preeclampsia, consistent
hroughout studies performed over a 40-
ear period, and present in diverse pop-
lations worldwide, was present in virtu-
lly every way the data were examined.

e did not find evidence associating
reeclampsia with Chlamydia pneu-
oniae infection, untreated or treated
IV infection, or malaria. Studies con-

erning other infectious agents such as
ytomegalovirus, Helicobacter pylori,
erpes simplex virus type 2, Mycoplasma
ominis, Epstein–Barr virus, and bacte-
ia associated with bacterial vaginosis
ere too few and/or of small sample

izes, precluding meaningful conclu-
ions of any associations with
reeclampsia.
Several mechanisms have been pro-

osed to explain how maternal infection
ight be involved in the etiology of pre-

clampsia or its manifestations. These

TABLE 3
Pooled odds ratios of the relations

Infection

Pooled unadjusted results
...................................................................................................................

Urinary tract infection
...................................................................................................................

Periodontal disease
...................................................................................................................

Chlamydia pneumoniae IgG seropositivity
...................................................................................................................

Chlamydia pneumoniae IgM seropositivity
...................................................................................................................

Chlamydia pneumoniae IgA seropositivity
...................................................................................................................

Cytomegalovirus positivity
...................................................................................................................

Helicobacter pylori IgG seropositivity
...................................................................................................................

HIV infection treated
...................................................................................................................

HIV infection non-treated
...................................................................................................................

Malaria
...................................................................................................................

Pooled adjusted results
...................................................................................................................

Urinary tract infection
...................................................................................................................

Periodontal disease
...................................................................................................................

Malaria
...................................................................................................................

CI, confidence interval.

* Heterogeneity test.

Conde-Agudelo. Maternal infection and risk of preeclamp
nclude direct effects of infectious agents i
n the arterial wall, including endothe-
ial injury or dysfunction, acute athero-
is, and local inflammation that might
ause relative uteroplacental ischemia.7

f interest in the latter respect is a recent
eport noting increased circulating ma-
ernal soluble fms-like tyrosine kinase-1
evels (an antiangiogenic factor associ-
ted with preeclampsia) in nulliparas
ith placental malaria and hyperten-

ion.69 Recently, Arechavaleta-Velasco
t al,51 using in vivo and in vitro models,
emonstrated that adeno-associated vi-
us-2 infection can induce placental dys-
unction by inhibiting invasion of extra-
illous trophoblast cells and by causing
rophoblast cell death. In addition,
amarca et al,70 utilizing a first trimester
xtravillous cytotrophoblast cell line, re-
orted that human cytomegalovirus im-
airs placentation through inhibition of
ytotrophoblast invasion. Most hypoth-
ses, however, focus on indirect effects
ediated by enhancing the maternal sys-

emic inflammatory response,6,7 similar-

between maternal infection and pr

No. of studies

Fixed-effects

Odds ratio
(95% CI)

.........................................................................................................................

1716-32 1.57 (1.45–1.7
.........................................................................................................................

633,34,36,37,39,40 1.76 (1.43-2.1
.........................................................................................................................

644-47,49,50 1.11 (0.81–1.5
.........................................................................................................................

244,50 1.62 (0.72-3.6
.........................................................................................................................

244,50 1.47 (0.77-2.8
.........................................................................................................................

342,43,46 0.85 (0.52-1.3
.........................................................................................................................

245,51 1.76 (0.82-3.7
.........................................................................................................................

353,56,57 0.76 (0.46-1.2
.........................................................................................................................

253,55 0.97 (0.67-1.3
.........................................................................................................................

460-63 0.93 (0.72-1.2
.........................................................................................................................

.........................................................................................................................

816,26-32 1.50 (1.37-1.6
.........................................................................................................................

633,34,36,37,39,40 1.74 (1.39-2.1
.........................................................................................................................

360,61,63 1.00 (0.74-1.3
.........................................................................................................................

Am J Obstet Gynecol 2008.
ties between acute atherosis in pre- w
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clampsia and atherosclerosis,71 the
ncreased risk of remote cardiovascular
isease after an episode of preeclamp-
ia,72 and the modest association ob-
erved between coronary heart disease
nd chronic infections by bacteria and
iruses.73 Although there is no evi-
ence linking endotoxin to preeclamp-
ia in humans, clinical features similar
o preeclampsia were induced in preg-
ant rats infused with Escherichia coli
ndotoxin.74

The relationship between urinary tract
nfection and preeclampsia may not be
eal but due to confounding circum-
tances. For example, pyelographic ab-
ormalities (ie, calculi, duplex kidneys,
hanges associated with chronic pyelo-
ephritis, and papillary necrosis) have
een noted in 18-44% of the women
ith bacteriuria during pregnancy18,75,76

nd these underlying diseases and/or the
ssociated impairment of renal function
hey cause could, thus, account for the
igher risk of preeclampsia among

clampsia
Random
effects

I 2

(%)*
Odds ratio
(95% CI)

..................................................................................................................

79 1.86 (1.49-2.32)
..................................................................................................................

80 2.37 (1.36-4.14)
..................................................................................................................

64 1.36 (0.73-2.50)
..................................................................................................................

0 1.57 (0.69-3.56)
..................................................................................................................

0 1.47 (0.76-2.83)
..................................................................................................................

13 1.13 (0.50-1.46)
..................................................................................................................

42 1.48 (0.47-4.70)
..................................................................................................................

93 0.78 (0.08-7.57)
..................................................................................................................

52 0.60 (0.10-3.77)
..................................................................................................................

73 1.03 (0.59-1.82)
..................................................................................................................

..................................................................................................................

76 1.70 (1.35-2.14)
..................................................................................................................

63 2.29 (1.33-3.94)
..................................................................................................................

61 1.15 (0.66-2.01)
..................................................................................................................
hip ee

......... .........

0)
......... .........

8)
......... .........

3)
......... .........

3)
......... .........

2)
......... .........

9)
......... .........

5)
......... .........

6)
......... .........

9)
......... .........

1)
......... .........

......... .........

4)
......... .........

7)
......... .........

5)
......... .........
omen with bacteriuria. This might also

erican Journal of Obstetrics & Gynecology 19
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xplain why eradicating bacteriuria with
ntibiotic therapy failed to decrease the
ncidence of preeclampsia in the only
andomized controlled trial we lo-
ated.18 Regardless of whether the rela-
ionship between urinary tract infection
nd preeclampsia is causal or simply as-
ociative, all forms of urinary tract infec-
ion in pregnant women must be treated
or reducing the risk of low birth
eight.77

We also identified a relationship be-
ween periodontal disease and pre-
clampsia. In this respect, Boggess et al33

ave suggested that women with active
eriodontal disease during pregnancy
ay have transient translocation of oral

athogens to the uteroplacental unit, in-
iting placental inflammation or oxida-
ive stress in pregnancy, which ulti-

ately produces placental damage and
he clinical manifestations of preeclamp-
ia. Nevertheless, it is possible that pre-
clampsia leads to an aggravation of pre-
xisting periodontal problems or even
oinduces periodontal disease.78

Our systematic review is subject to
everal limitations. First, individual
tudies may have failed to control for po-
ential confounders or to take into ac-
ount potential effect modifiers. Car-
eiras et al,43 for example, noted that
ytomegalovirus infection increases dra-
atically the risk to develop preeclamp-

ia in women carrying specific HLA-
RB1 alleles. This and other genetic

actors are potential effect modifiers that
ere not addressed in most studies. This

ssue needs further investigation. Also,
nly 30% of the studies explicitly ad-

usted for socioeconomic status, consid-
red by some as an important confound-
ng factor in the association between

aternal infection and preeclampsia.
ven if adjustments for some confound-

ng factors are made, residual confound-
ng remains a potentially serious prob-
em in observational research. Second,
ecause there was an important degree of
eterogeneity in most of the metaanaly-
es, pooled results have to be interpreted
autiously. We explored the sources of
eterogeneity for the association be-
ween urinary tract infection and pre-
clampsia and no plausible explanations

ere provided by the methodologic h

0 American Journal of Obstetrics & Gynecology
uality of the study, design, sample size,
ate of publication, adjustment for con-

ounders, and the type of infection eval-
ated. For the association between peri-
dontal disease and preeclampsia, the
eterogeneity was explained mainly by 1
tudy which did not use the most strin-
ent criteria for diagnosing periodontal
isease and did not adjust for important
onfounding factors such as maternal
ge and socioeconomic status. Third, al-
hough publication bias does not seem to
e a factor in our metaanalyses, we can-
ot exclude it as the funnel plot may not
etect publication bias when the number
f studies is small. Finally, the number of
tudies available for analysis on the asso-
iation between several other maternal
nfections and preeclampsia is still too
mall to provide conclusive evidence.

Data from observational studies might
e indirectly tested in clinical trials that
valuated the effects of administering
ntibacterial treatments to pregnant
omen with urinary tract infection. The

dentified studies yielded conflicting re-
ults. Two nonrandomized clinical stud-
es65,66 found antibiotic treatment com-
ared to no treatment significantly
educed the incidence of preeclampsia
hereas the only randomized controlled

rial found that antibiotic treatment
ompared to placebo did not affect the
isk of preeclampsia.18 With regard to
he effect of treatment of periodontitis in
regnant women on the development of
reeclampsia, a recent randomized con-
rolled trial found a nonsignificant in-
reased risk of preeclampsia (OR, 1.59;
5% CI, 0.89-2.83) among women who
eceived periodontal scaling and root
laning (ie, removal of dental plaque and
alculus from the tooth enamel and
oot) before 21 weeks as compared to
omen who underwent scaling and root
laning after delivery.68 This unexpected
nding could be explained by a transient
cute systemic inflammatory response
nd a transient impairment of endothe-
ial function associated to the local inten-
ive mechanical treatment of periodon-
itis in nonpregnant adults with severe
eriodontitis.79 Three large randomized
ontrolled trials of treatment of peri-
dontal disease are underway and will

elp clarify whether periodontal treat- o

JANUARY 2008
ent has any role in reducing the rate of
reeclampsia and/or other pregnancy
omplications.80

If the observed association between
reeclampsia and both urinary tract in-

ection and periodontal disease is indeed
ausal in nature, there might be roles for
ntibiotic or antiviral therapy in pre-
enting or treating preeclampsia. Never-
heless, more studies are needed to deter-

ine whether the relationship between
aternal infection and preeclampsia is

ausal or simply associative and to ex-
lore the mechanisms of these potential
ssociations. Observational studies
hould be large enough for moderate-
ized effects to be assessed or refuted re-
iably, include clear and consistent defi-
itions of infections and preeclampsia,
nd adjust for indicators of socioeco-
omic status and other potential con-

ounding factors in order to help reduce
ny residual confounding. f
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