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Abstract

Background: Urinary tract infection (UTI) is the most common bacterial infection in pregnancy. Known risk
factors for UTI in pregnancy include diabetes and certain urologic conditions. Other maternal characteristics
might also be associated with risk and could provide clues to the etiology of UTI in pregnancy. Our objective
was to identify maternal characteristics associated with UTI in pregnancy.
Materials and Methods: We used data from pregnant women participating in the National Birth Defects
Prevention Study, a population-based study of risk factors for major structural birth defects in 10 U.S. sites,
from 1997 to 2011. In cross-sectional analyses, we used multivariable log-binomial regression to estimate
prevalence ratios (PRs) and 95% confidence intervals (CIs) for associations between self-reported maternal
characteristics and UTI in pregnancy.
Results: In our sample of 41,869 women, the overall prevalence of reported UTI in pregnancy was 18%, but
ranged from 11% to 26% between study sites. In adjusted models, diabetes was moderately associated with
higher UTI prevalence (PR 1.39, 95% CI: 1.24–1.57). Higher UTI prevalence was associated even more strongly
with low educational attainment (PR 2.06, 95% CI: 1.77–2.40 for some high school vs. graduate school), low
household income (PR 1.64, 95% CI: 1.46–1.84 for <$10,000 vs. ‡$50,000), and race/ethnicity (PR 1.45, 95%
CI: 1.13–1.80 for American Indian or Alaska Native vs. White women).
Conclusions: About one in six women reported UTI in pregnancy but the prevalence varied markedly by geog-
raphy and maternal characteristics. This variability could provide clues to the causes of UTI in pregnancy.
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Introduction

Urinary tract infection (UTI) is the most common
bacterial infection in pregnancy.1 In pregnancy, the def-

inition of UTI often includes symptomatic infections of the
bladder (cystitis) or kidney (pyelonephritis) as well as asymp-
tomatic bacteriuria, the presence of bacteria in the urine
without symptoms. Review articles cite a prevalence of 2%–
10% for asymptomatic bacteriuria, 1%–4% for cystitis, and
1%–2% for pyelonephritis in pregnancy.1–3 UTIs are com-
monly caused by ascending movement of bacteria that colonize
the lower gastrointestinal and genitourinary tract, particularly
Escherichia coli or other Gram-negative bacteria.3

Asymptomatic bacteriuria in pregnancy is treated primar-
ily to prevent progression to pyelonephritis, which carries
special risks during pregnancy.4 Pyelonephritis in pregnancy
can lead to preterm labor, anemia, septicemia, respiratory
insufficiency, and rarely, maternal death.5–7 UTIs in preg-
nancy are also associated with preeclampsia and birth de-
fects.8–10 Clinical guidelines recommend that health care
providers screen pregnant women for asymptomatic bacte-
riuria and prescribe a short course of antibiotics if bacteriuria
is found.11–15 About two-thirds of women with a UTI in
pregnancy take an antibiotic.16,17

The etiology of UTI in pregnancy is poorly understood,
which means there are few methods to prevent the occurrence
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of UTIs, as opposed to screening and treating women after
they have already been infected. Women at high risk for UTI
in pregnancy include those with medical comorbidities, such
as diabetes, polycystic kidney disease, congenital abnor-
malities of the urinary tract, sickle cell disease, and recurrent
UTI.2,13 Less is known about other maternal factors associ-
ated with UTI in pregnancy, which have been inconsistently
reported in the literature.1,18 For example, maternal age, race,
socioeconomic status (SES), and parity are associated with
UTI in pregnancy in some studies, but not others.2,6,7,18–21

Understanding the etiology of UTI in pregnancy could lead
to new opportunities for its prevention—not only reducing
maternal and fetal morbidity, but also decreasing antibiotic
use in pregnancy. Sulfonamides and nitrofurantoin are com-
monly used to treat UTI in pregnancy, but these types of
antibiotics are associated with birth defects in some stud-
ies.16,22–24 Our objective was to identify maternal factors
associated with UTI in pregnancy in a large population-based
sample of women from 10 U.S. sites to provide new clues to
the etiology of UTI in pregnancy.

Materials and Methods

Participant selection

We used data from the National Birth Defects Prevention
Study (NBDPS), a multisite, population-based, case–control
study of risk factors for major structural birth defects.25 Cases
were infants or fetuses with one or more major birth defects
identified through population-based birth defects surveil-
lance systems statewide in Arkansas, Iowa, and Utah and
in select regions of California, Georgia, Massachusetts, New
Jersey, New York, North Carolina, and Texas. All sites
ascertained cases among live births and some additionally
ascertained cases among stillbirths and terminations of preg-
nancy. Clinical geneticists excluded cases of birth defects
likely caused by genetic abnormalities or other recognized
syndromes.26 Controls were liveborn infants without major
birth defects identified from birth certificates or hospital de-
livery logs in the same areas. Eligible mothers had preg-
nancies ending on or after October 1, 1997, and due dates on
or before December 31, 2011. All women provided informed
consent for participation. Institutional Review Boards at all
participating study sites approved the study.

Participating mothers completed a computer-assisted
telephone interview in English or Spanish 6 weeks to 2 years
after the estimated due date. The interview included questions
on parental sociodemographics, medications, and illnesses
during pregnancy, and other potentially teratogenic exposu-
res. Sixty-seven percent of eligible case mothers and 65% of
eligible control mothers participated in the interview.25

Although the NBDPS is a case–control study, we analyzed
the data as a cross-sectional study by pooling all participat-
ing mothers into a single study population. Pooling the par-
ticipants is unlikely to bias results if sociodemographic factors
associated with UTI in pregnancy are similar in case and
control mothers, the prevalence of these factors is similar
between groups, and each group has similar accuracy in re-
porting UTI in pregnancy. Our study data suggest that the
first two conditions might be true. The third cannot be tested in
our data, but we assume that reporting accuracy does not differ
markedly between the groups given that the self-reported UTI
prevalence is similar between case and control mothers.

Assessment of UTI in pregnancy

Interviewers asked: ‘‘Between 3 months before pregnancy
and the baby’s birth, did you have a kidney, bladder, or uri-
nary tract infection?’’ Women who said yes were asked when
the UTI occurred (before pregnancy or during pregnancy in
the first, second, or third trimester), if their UTI was diag-
nosed by a doctor, and what medications they used to treat the
UTI. We also included UTIs reported in other sections of
the questionnaire, such as those asking about the causes of
fevers or medication use. The NBDPS included no questions
on UTI symptoms or screening. If women reported UTI in
pregnancy but listed a yeast infection medication as the only
medication used for their UTI, we assumed these women had
a vaginal yeast infection, not a UTI.

Maternal characteristics

We included a variety of maternal characteristics, includ-
ing sociodemographics, reproductive history, medical condi-
tions, substance use, and variables that had been inconsistently
associated with UTI in pregnancy in prior studies. Variables
that had been included in previous studies included age at
conception; race/ethnicity; household income; education;
pregestational or gestational diabetes; UTI in the 3 months
before pregnancy; number of prior pregnancies; multivitamin
use in pregnancy; smoking or alcohol use during pregnancy;
and marijuana, cocaine, or methamphetamine use during
pregnancy or in the 3 months before.19,20,27–29 We also in-
cluded variables related to the NBDPS study design (birth
defect status [if the mother was originally selected as a case
or control], study site, year of due date); pregnancy-related
variables (prepregnancy body mass index [BMI], plurality);
and usual caffeine intake in the year before pregnancy.
Higher caffeine intake is associated with greater urinary
frequency and urgency—symptoms also seen in UTIs—in
previous studies of nonpregnant women.30 Caffeine intake
was estimated based on reported coffee, tea, soda, and choc-
olate intake.

Exclusion criteria

We excluded women who did not answer the question
about UTI in pregnancy. We also excluded pregnancies that
ended in stillbirth or termination of pregnancy to improve
comparability between study sites—some sites included only
live births.

Statistical analyses

Statistical analyses were conducted in SAS 9.4 and R
4.0.4. We used log-binomial regression to investigate asso-
ciations between sociodemographic characteristics and UTI
in pregnancy, reporting prevalence ratios (PRs) and 95%
confidence intervals (CIs) and adjusting multivariable mod-
els for birth defect status, study site, and maternal age at
conception (continuous variable). For each sociodemogra-
phic characteristic, we chose additional potential confound-
ers using a combination of directed acyclic graphs, literature
review, and associations between variables in the NBDPS.
Potential confounders included in the models were: birth
defect status (case or control in the original NBDPS study
design), study site (Arkansas, California, Georgia, Iowa,
Massachusetts, New Jersey, New York, North Carolina, Texas,
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Utah), maternal age at conception, maternal race/ethnicity
(Hispanic [all races], and non-Hispanic Asian or Pacific
Islander, Black, White, and all other races), and maternal
educational attainment (less than high school, high school
or equivalent, posthigh school training, college degree, or
more). We additionally adjusted for smoking during preg-
nancy (yes, no) for the models examining multivitamin use,
alcohol use, caffeine intake, and illicit drug use. The model
for race/ethnicity was adjusted for only birth defect status
and study site because the other variables were likely on the
causal pathway between race/ethnicity and UTI in pregnancy.

When analyzing year of due date, we restricted to study
sites and time periods without changes in study catchment
areas: Arkansas, California, Iowa, Massachusetts, and Geor-
gia, 2000–2011. When analyzing education and household
income, we restricted to women ‡25 years of age because
these variables are less predictive of SES in young women
who have not yet completed their education or started earning
an income.

Sensitivity analyses

We conducted five sensitivity analyses. First, we conduc-
ted probabilistic bias analyses to investigate how misclassi-
fication of self-reported UTI could have affected our results.
This analysis was prompted by a previously published study
that found low sensitivity (Se) and specificity (Sp), around
49% and 88%, for self-reported UTI in pregnancy.31 We
provide a full description of our probabilistic bias analyses in
Supplementary Materials S1. Briefly, we used a freely avail-
able tool (https://sites.google.com/site/biasanalysis/) that
uses estimates of Se and Sp to back-calculate what the
crude PR would have been in the absence of bias. We con-
ducted three bias analyses: one assuming nondifferential
misclassification of outcome, one assuming differential mis-
classification with exposed mothers having more accurate self-
report, and one assuming differential misclassification with
unexposed mothers having more accurate self-report. We
conducted each bias analysis 1,000 times using trapezoidal
distributions for Se and Sp and incorporated sampling (ran-
dom) error into the simulations using the tool’s built-in func-
tion. This tool does not incorporate confounding and therefore
our sensitivity analysis produces crude PRs. Probabilistic
bias analyses produce a distribution of PRs—not a single
PR—as its result. We therefore present results as the median
crude PR and 95% simulation interval (an interval containing
95% of the PRs from simulation).

In our second sensitivity analysis, we separately analyzed
the three racial and ethnic groups with relatively large sample
sizes: non-Hispanic White (n = 24,599), Hispanic (n = 10,159),
and non-Hispanic Black (n = 4,331) women. A previous study
found that risk factors for bacteriuria at the first prenatal visit
differed by race.27 In our third sensitivity analysis, we ana-
lyzed data separately from mothers who had offspring with
or without birth defects to determine if combining the par-
ticipants affected our results. In our fourth sensitivity anal-
ysis, we excluded participants who reported pregestational
or gestational diabetes. In the fifth sensitivity analysis, we
assumed that participants with missing values for UTI in
pregnancy all had UTIs in pregnancy or all had no UTI in
pregnancy to estimate the potential impact of missing out-
come data on our results.

Results

The NBDPS included 43,846 women (32,017 mothers of
offspring with birth defects, 11,829 mothers of infants with-
out birth defects). We excluded 1,257 women whose preg-
nancies ended in stillbirth or termination of pregnancy and
720 women with missing values for UTI in pregnancy. This
left 41,869 women in the analysis. We reclassified 186 wo-
men as having vaginal yeast infections instead of UTIs in
pregnancy based on reported medication use.

In our population, 18% of women (7,742) reported UTIs
in one or more trimesters of pregnancy (19% of case moth-
ers, 18% of control mothers). Almost all (96%) said their
UTI was diagnosed by a doctor. Among women who reported
the trimester of their UTI, UTI prevalence was 8% in the first,
8% in the second, and 7% in the third trimester. These sta-
tistics include 1,272 women who reported UTIs in more than
one trimester (17% of all women who had complete data on
the timing of their UTI).

We found no difference in UTI prevalence in pregnancy by
birth defect status and year of conception, but a strong as-
sociation with study site (Table 1). Women in Arkansas and
Texas had the highest prevalence of UTI in pregnancy (26%
each) and women in Massachusetts had the lowest (11%).
Geographic differences persisted after adjusting for potential
confounders.

Sociodemographic characteristics were also associated
with UTI prevalence (Table 2). UTI prevalence was highest
among mothers <19 years of age at conception (30%; Fig. 1),
American Indian or Alaska Native women (27%), women
with 9–11 years of education (25%), and women with an-
nual household income <$10,000 (24%). After adjusting for
potential confounders, associations between these socio-
demographic variables and UTI remained.

Women with UTI in the 3 months before pregnancy and
women with pregestational diabetes reported high preva-
lence of UTI in pregnancy (28% and 25%, respectively).
After adjusting for confounders, the associations weakened
(PR 1.31, 95% CI: 1.19–1.44 for prior UTI and PR 1.39, 95%
CI: 1.24–1.57 for pregestational diabetes) (Table 3). Although
in crude analyses we found little difference in the prevalence
of UTI by number of previous pregnancies, after adjusting for
potential confounders, having more pregnancies was asso-
ciated with higher UTI prevalence. Prepregnancy BMI was
only weakly associated with UTI in pregnancy after adjust-
ment for potential confounders.

Women who did not take multivitamins, who smoked,
or who used marijuana, cocaine, or methamphetamines ap-
peared to have high prevalence of UTI in pregnancy in crude
analyses, but these differences weakened or disappeared af-
ter adjusting for potential confounders (Table 4). We saw an
apparent dose–response association with caffeine intake that
persisted after adjustment for potential confounders.

Sensitivity analyses

Our probabilistic bias analyses for self-reported UTI mis-
classification suggested that many of the associations we
observed between maternal characteristics and UTI may be
biased toward the null because of inaccurate self-report,
meaning that the true association may be stronger than what
we observed (Supplementary Materials S2). Given our as-
sumptions in the bias analyses, adjusting for all three types
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of outcome misclassification (nondifferential and two types
of differential misclassification) usually produced stronger
median crude PRs than the observed crude PR.

When we stratified our main analysis results by race/
ethnicity, results were similar, with a few exceptions (Sup-
plementary Materials S2). The strong associations we found
with UTI prevalence in the overall population were attenu-
ated for non-Hispanic Black women with respect to house-
hold income, and for Hispanic women with respect to study
site, age, and number of previous pregnancies. Despite these
differences, most CIs overlapped, and we cannot exclude
random error as an explanation for these differences.

Results were similar when we excluded mothers with di-
abetes (Supplementary Materials S2), when we analyzed
mothers with and without offspring with birth defects sepa-
rately, and when we reassigned mothers with missing out-
come status to have UTI or no UTI in pregnancy (results not
shown).

Discussion

In this large study of women from 10 U.S. sites, 18%
reported at least one UTI in pregnancy. UTIs were not dis-
tributed uniformly in the study population. UTI in pregnancy
was most common among younger mothers and women
with characteristics associated with low SES. We also found
geographic differences in UTI prevalence that had no clear
longitudinal or latitudinal pattern. These sociodemographic
and geographic associations were as strong or stronger than
associations with known medical risk factors such as diabe-
tes. Excluding participants with diabetes from the analysis
did not change our results, suggesting the existence of addi-
tional strong risk factors aside from diabetes that could in-
dicate that a woman is at high risk for UTI in pregnancy.

The UTI prevalence in our study was higher than in other
U.S. reports. In a study of privately insured women, 7% had a
UTI diagnosed as an outpatient during pregnancy.17 The low
prevalence in that study could be attributable to privately
insured women having higher SES—and therefore lower
UTI prevalence—and the study’s exclusion of women with
pyelonephritis and recurrent UTI.17,20 Other claims-based
studies found 9% UTI prevalence in the Pacific Northwest
and 12% prevalence in Georgia—similar to the 15% preva-
lence reported by Georgia NBDPS participants.32,33 If UTI
prevalence varies by region and sociodemographic charac-
teristics, we might not expect to see the same prevalence
between studies conducted in different locations. In fact,
some studies have found that UTI prevalence in pregnancy
differs between health care facilities in the same region.20,27

Systematic differences in health care access, urine collection
procedures, or specimen handling may also contribute to this
variability.

We and others have found that teenagers have high prev-
alence of UTI in pregnancy.6,7,21,32 For example, Finnish
teenagers were more likely than women 25–29 years of age
to have UTI in pregnancy (adjusted odds ratio 2.9, 95% CI:
1.8–4.8).21 However, some studies have found no associa-
tion between age and UTI in pregnancy.27,28,34 We observed
that the relationship between age and UTI prevalence was
weaker in Hispanic women compared with non-Hispanic
White and Black women, suggesting that the age–UTI as-
sociation might not be constant across populations.

Several epidemiologic studies in the United States have
found that Asian or Pacific Islander women have a relatively
low prevalence of UTI in pregnancy compared with women
of other races and ethnicities.6,7,32,33 We found the same.
However, we did not have sufficient sample size to disaggre-
gate Asian subgroups, which might have hidden differences

Table 1. Associations Between Study Design Variables and Urinary Tract Infection

In Pregnancy—Cross-Sectional Analysis of the National Birth Defects Prevention Study, 1997–2011

Total No.
Reported UTI

prevalence (%)
Crude PR
(95% CI)

Adjusted PRa

(95% CI)

Birth defect status
Offspring with birth defects 30,212 19 1.07 (1.02–1.12) 1.05 (1.01–1.10)
Offspring without birth defects 11,657 18 1.00 (Reference) 1.00 (Reference)

Year of due dateb

2000–2002 5,527 18 1.00 (Reference) 1.00 (Reference)
2003–2005 5,845 18 1.03 (0.95–1.11) 1.03 (0.95–1.11)
2006–2008 4,793 18 1.05 (0.97–1.14) 1.04 (0.96–1.13)
2009–2011 4,432 18 1.03 (0.95–1.13) 1.10 (1.01–1.20)

Study site
Texas (selected regions) 4,666 26 2.51 (2.29–2.76) 1.68 (1.52–1.86)
Arkansas (statewide) 5,505 26 2.44 (2.23–2.67) 1.74 (1.59–1.91)
California (selected regions) 4,913 22 2.12 (1.93–2.33) 1.43 (1.30–1.58)
North Carolina (selected regions) 3,306 20 1.89 (1.70–2.10) 1.53 (1.37–1.70)
Utah (statewide) 4,277 16 1.53 (1.38–1.70) 1.27 (1.14–1.41)
Iowa (statewide) 4,040 15 1.47 (1.32–1.63) 1.23 (1.11–1.37)
Georgia (selected regions) 4,620 15 1.45 (1.31–1.61) 1.23 (1.11–1.37)
New York (selected regions) 3,101 15 1.45 (1.30–1.63) 1.27 (1.14–1.43)
New Jersey (selected regions) 2,184 14 1.29 (1.13–1.47) 1.13 (0.99–1.29)
Massachusetts (selected regions) 5,257 11 1.00 (Reference) 1.00 (Reference)

aAdjusted for birth defect status, study site, age at conception, race/ethnicity, and educational attainment.
bRestricted to study sites and time periods without changes to study catchment areas: Arkansas, California, Iowa, Massachusetts, and

Georgia between 2000 and 2011.
CI, confidence interval; PR, prevalence ratio; UTI, urinary tract infection.
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FIG. 1. The prevalence of self-reported UTI in pregnancy was highest among teenage mothers and decreased with
maternal age at conception. UTI, urinary tract infection.

Table 2. Associations Between Maternal Sociodemographic Characteristics and Urinary Tract Infection

In Pregnancy—Cross-Sectional Analysis of the National Birth Defects Prevention Study, 1997–2011

Total No.
Reported UTI

prevalence (%)
Crude PR
(95% CI)

Adjusted PRa

(95% CI)

Age at conception
£19 5,468 30 1.78 (1.68–1.88) 1.37 (1.29–1.46)
20–24 9,998 24 1.44 (1.36–1.52) 1.24 (1.17–1.31)
25–29 11,423 17 1.00 (Reference) 1.00 (Reference)
30–34 9,747 12 0.73 (0.68–0.78) 0.81 (0.76–0.87)
‡35 5,233 11 0.68 (0.62–0.74) 0.77 (0.71–0.84)

Race/ethnicityb

American Indian or Alaska Native 192 27 1.67 (1.29–2.08) 1.45 (1.13–1.80)
Hispanic 10,159 24 1.51 (1.44–1.58) 1.31 (1.24–1.38)
Black 4,331 21 1.31 (1.23–1.40) 1.28 (1.20–1.37)
White 24,599 16 1.00 (Reference) 1.00 (Reference)
Asian or Pacific Islander 1,172 10 0.64 (0.53–0.75) 0.68 (0.57–0.80)
All other races 1,403 22 1.35 (1.22–1.50) 1.27 (1.14–1.40)
Missing 13

Educational attainment at deliveryc

£8 years of education 1,268 20 2.53 (2.16–2.95) 1.58 (1.33–1.87)
9–11 years of education 1,419 25 3.14 (2.72–3.62) 2.06 (1.77–2.40)
High school diploma or equivalent 4,615 17 2.06 (1.81–2.35) 1.55 (1.36–1.77)
Posthigh school education 7,144 15 1.91 (1.69–2.17) 1.54 (1.36–1.75)
College degree 7,914 11 1.38 (1.21–1.57) 1.26 (1.11–1.43)
Graduate degree 3,592 8 1.00 (Reference) 1.00 (Reference)
Missing 451

Household income (US dollars)c

<$10,000 2,598 24 2.43 (2.23–2.65) 1.64 (1.46–1.84)
$10,000 to <$20,000 2,346 21 2.12 (1.92–2.33) 1.50 (1.34–1.68)
$20,000 to <$30,000 2,787 18 1.80 (1.63–1.98) 1.37 (1.23–1.53)
$30,000 to <$40,000 2,479 15 1.47 (1.32–1.64) 1.21 (1.07–1.35)
$40,000 to <$50,000 2,184 12 1.18 (1.04–1.34) 1.02 (0.90–1.16)
‡$50,000 12,190 10 1.00 (Reference) 1.00 (Reference)
Missing 1,819

aAdjusted for birth defect status, study site, age at conception, race/ethnicity, and educational attainment.
bOnly adjusted for birth defect status and study site. Hispanic women are those with Hispanic ethnicity, regardless of race. All other

categories include only non-Hispanic women.
cRestricted to women ‡25 years of age at conception.

1560

D
ow

nl
oa

de
d 

by
 C

D
C

 I
nf

or
m

at
io

n 
C

en
te

r 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
1/

18
/2

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

https://www.liebertpub.com/action/showImage?doi=10.1089/jwh.2020.8946&iName=master.img-000.jpg&w=419&h=192


between these groups. Several studies have found a higher
prevalence of UTI in pregnancy among women with higher
parity.19,20,27 We saw a similar pattern, although not among
Hispanic women.

We included caffeine intake as a potential risk factor be-
cause of its associations with urinary frequency and urgency,
often experienced with symptomatic UTIs. However, we had
no information on UTI symptoms in our study, and we could
not tell if the association we observed with caffeine intake
was driven by women with high caffeine intake being more
likely to report symptomatic UTI. Our measurement of caf-
feine intake was likely subject to measurement error because
we used self-reported intake and intake before pregnancy;
many women reduce their caffeine intake in pregnancy.35,36

Characteristics associated with SES, such as educational
attainment and household income, were strongly associated
with UTI in pregnancy in our population. Associations with
these and other markers of SES, like health insurance type or
coverage, were seen in previous studies in the United
States.20,28,32 Low SES is also associated with higher UTI
prevalence in pregnancy in studies from other countries such
as Bangladesh, Egypt, Ethiopia, and Pakistan.37–41 Although
we identified characteristics associated with low SES as be-
ing associated with UTI in pregnancy, we could not deter-
mine which aspects of low SES were driving the association.

The association could be mediated by variables linked to
development of UTI that were unavailable in our dataset,
such as frequent sexual intercourse, infrequent voiding, and
low fluid intake.39,42–46 Higher frequency of intercourse is
weakly or moderately associated with sociodemographic
indicators such as younger age, lower educational attain-
ment, and race/ethnicity.47 Women’s fluid intake and ability
to void regularly during the day can be affected by their
workplace conditions, which are in turn associated with
SES.48 Other variables potentially associated with low SES,
such as diet or health care access, might also mediate the
association.

The NBDPS questionnaire collected a broad range of in-
formation, including sociodemographic characteristics, mater-
nal exposures, and reproductive history. This data availability
allowed us to control for potential confounders and to exam-
ine UTI prevalence in relation to characteristics not always
available in administrative databases or medical records.
Our sample size of over 41,000 participants gave precise
estimates for our effect estimates. An important advantage
of this large sample size was our ability to estimate preva-
lence in small population subgroups such as less prevalent
racial and ethnic groups, single-maternal year categories,
and women with infrequent exposures such as methamphet-
amine use.

Table 3. Associations Between Medical and Reproductive Factors and Urinary Tract Infection

In Pregnancy—Cross-Sectional Analysis of the National Birth Defects Prevention Study, 1997–2011

Total No.
Reported UTI

prevalence (%)
Crude PR
(95% CI)

Adjusted PRa

(95% CI)

UTI before pregnancyb

Yes 1,112 28 1.54 (1.40–1.70) 1.31 (1.19–1.44)
No 40,719 18 1.00 (Reference) 1.00 (Reference)
Missing 38

Diabetes
Pregestational 786 26 1.43 (1.26–1.61) 1.39 (1.24–1.57)
Gestational 2,118 21 1.14 (1.05–1.25) 1.18 (1.09–1.29)
None 38,908 18 1.00 (Reference) 1.00 (Reference)
Missing 57

Previous pregnancies
0 12,694 20 1.00 (Reference) 1.00 (Reference)
1 11,651 17 0.87 (0.82–0.92) 0.98 (0.93–1.03)
2 8,067 17 0.88 (0.83–0.93) 1.05 (0.99–1.12)
3 4,657 19 0.94 (0.87–1.00) 1.17 (1.09–1.26)
4 2,422 19 0.97 (0.89–1.06) 1.26 (1.15–1.39)
5 1,178 18 0.92 (0.81–1.04) 1.26 (1.10–1.43)
6 521 21 1.06 (0.89–1.25) 1.41 (1.17–1.66)
‡7 616 19 0.93 (0.78–1.09) 1.35 (1.13–1.60)
Missing 63

Plurality
Singleton 39,623 19 1.00 (Reference) 1.00 (Reference)
Twins or more 2,192 17 0.90 (0.82–0.99) 1.06 (0.96–1.16)
Missing 54

Prepregnancy body mass index category (kg/m2)
Underweight (<18.5) 2,167 23 1.38 (1.27–1.50) 1.13 (1.04–1.23)
Normal weight (18.5–24.9) 20,733 17 1.00 (Reference) 1.00 (Reference)
Overweight (25.0–29.9) 9,183 18 1.08 (1.02–1.13) 1.06 (1.01–1.12)
Obesity (‡30.0) 8,000 21 1.24 (1.18–1.30) 1.17 (1.11–1.24)
Missing 1,786

aAdjusted for birth defect status, study site, age at conception, race/ethnicity, and educational attainment.
bUTI in the 3 months before pregnancy.
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Another strength of this study was the bias analysis we
conducted because of concerns about low validity for self-
reported UTI compared with medical records.31 The direction
and magnitude of bias is often difficult to predict without
conducting quantitative bias analysis. Our bias analysis
showed that outcome misclassification is an unlikely expla-
nation for our results, and that the unbiased associations may
be even stronger than what we observed. Women participated
in NBDPS 6 weeks to 2 years after their estimated date of
delivery. Although it is possible that women interviewed later
might have recalled pregnancy events less accurately, in our
study population, UTI prevalence was similar regardless of
time to interview, suggesting that women interviewed longer
after delivery recalled UTIs just as frequently (results not
shown).

In the NBDPS questionnaire, women likely reported a
combination of asymptomatic bacteriuria, cystitis, and py-
elonephritis when reporting UTIs, but we could not distin-
guish between the three. Cystitis and pyelonephritis cause
symptoms that lead women to seek medical care. Asymp-
tomatic bacteriuria, the most prevalent type of UTI in preg-
nancy, is typically detected through screening.11,15 Its

detection is therefore dependent on women’s access to and
attendance at prenatal care. We might expect that some of the
differences in UTI prevalence by sociodemographic factors
are attributable to differences in screening uptake. However,
if that were true, women least likely to access consistent
prenatal care (young women with low SES) would have the
lowest screening rates and therefore the lowest prevalence.
We found the opposite—these women had the highest UTI
prevalence—suggesting that differences in screening access
do not explain our results.

Misclassification of variables such as smoking or use of
marijuana, cocaine, or methamphetamines during pregnancy
was possible, especially if women were reluctant to dis-
close their use. Most of our SES variables—like age, race/
ethnicity, and educational attainment—were likely accura-
tely reported.

Conclusions

In this large study of pregnant women from 10 U.S. sites,
one in six reported a UTI in pregnancy. Younger women and
women with characteristics of low SES were at highest risk.

Table 4. Associations Between Multivitamin Use, Caffeine Intake, Alcohol Use, Smoking, and Drug Use

and Urinary Tract Infection in Pregnancy—Cross-Sectional Analysis of the National Birth Defects

Prevention Study, 1997–2011

Total No. Reported UTI prevalence (%) Crude PR (95% CI) Adjusted PRa (95% CI)

Multivitamin use
Yes 38,612 18 1.00 (Reference) 1.00 (Reference)
No 2,973 21 1.16 (1.07–1.24) 0.99 (0.92–1.07)
Missing 284

Caffeine intake (mg/day)b

<10 6,934 16 1.00 (Reference) 1.00 (Reference)
10–99 14,531 18 1.15 (1.08–1.23) 1.06 (0.99–1.13)
100–199 9,856 18 1.15 (1.08–1.24) 1.10 (1.02–1.17)
200–299 5,180 19 1.19 (1.10–1.29) 1.16 (1.07–1.26)
‡300 4,477 22 1.38 (1.28–1.50) 1.26 (1.16–1.36)
Missing 891

Alcohol use
Yes 9,836 18 0.95 (0.91–1.00) 1.02 (0.97–1.07)
No 31,055 19 1.00 (Reference) 1.00 (Reference)
Missing 978

Smoking
Yes 7,113 24 1.42 (1.36–1.49) 1.24 (1.18–1.30)
No 33,954 17 1.00 (Reference) 1.00 (Reference)
Missing 802

Marijuana use
Yes 2,169 26 1.44 (1.34–1.55) 1.05 (0.97–1.13)
No 38,875 18 1.00 (Reference) 1.00 (Reference)
Missing 825

Cocaine use
Yes 319 30 1.64 (1.37–1.93) 1.16 (0.97–1.36)
No 40,732 18 1.00 (Reference) 1.00 (Reference)
Missing 818

Methamphetamine usec

Yes 250 29 1.57 (1.27–1.88) 1.05 (0.85–1.27)
No 41,131 18 1.00 (Reference) 1.00 (Reference)
Missing 488

aAdjusted for birth defect status, study site, age at conception, race/ethnicity, educational attainment, and smoking during pregnancy.
bUsual caffeine intake in the year before pregnancy.
cThis variable was collected from free text. The number of missing values is the number of women who did not answer the question

leading to the free text response.
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Identifying why UTI in pregnancy is associated with low SES
and other maternal factors could lead to a better under-
standing of the etiology of UTI in pregnancy and the eventual
development of interventions to prevent its occurrence.
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