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Urinary tract infections (UTIs) are frequent during pregnancy,
affecting asmany as 8% of pregnant women.1 Physical changes
during pregnancy such as increased bladder volume and
decreased bladder tone, as well as a change in the vaginal
flora increase risk of a UTI.1,2 Infection often begins as asymp-
tomaticbacteriuria,whichprogresses toa lower tract infection
(acute cystitis) in 30% of patients, and can lead to upper tract

infection (acute pyelonephritis) in up to 50% of patients.1

Current guidelines recommend testing for bacteriuria during
early pregnancy.3–6 Treatment with a pregnancy-appropriate
antibiotic is recommended, regardless of symptoms.1,7

UTIs have been associated with preterm birth (PTB) (<37
weeks’ gestation) in some studies.8–12 However, these findings
have not been consistently replicated.13,14 The suggested
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Abstract Objective The aim of the study is to evaluate the risk of preterm birth (PTB, <37
weeks) and early term (37 and 38 weeks) birth among women with an emergency
department (ED) visit or hospitalization with a urinary tract infection (UTI) by trimester
of pregnancy.
Methods The primary sample was selected from births in California between 2011
and 2017. UTIs were identified from the ED or hospital discharge records. Risk of PTB,
by subtype, and early term birth were evaluated by trimester of pregnancy and by type
of visit using log-linear regression. Risk ratios were adjusted for maternal factors.
Antibiotic usage was examined in a population of privately insured women from Iowa.
Results Women with a UTI during pregnancy were at elevated risk of a birth <32
weeks, 32 to 36 weeks, and 37 to 38 weeks (adjusted risk ratios [aRRs] 1.1–1.4). Of the
women with a diagnostic code for multiple bacterial species, 28.8% had a PTB. A UTI
diagnosis elevated risk of PTB regardless of antibiotic treatment (aRR 1.4 for treated,
aRR 1.5 for untreated).
Conclusion UTIs are associated with early birth. This association is present regardless
of the trimester of pregnancy, type of PTB, and antibiotic treatment.
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pathophysiology of the relationship is that the bacteria ascends
to the uterus, causing an inflammatory reaction, which leads to
uterine contractions and chorioamniotic membrane degrada-
tion.15 Untreated group B Streptococcus in early pregnancy has
been associated with chorioamnionitis.16 There have been few
studies evaluating the association between UTIs and PTB by
spontaneousormedically indicatedcauses, however, theCardiff
Birth Survey found that womenwith asymptomatic bacteriuria
had two-times higher odds of amedically indicated PTB but not
spontaneous.17 It has been postulated that treating asymptom-
atic bacteriuria in pregnancy decreases the risk of PTB by
preventing progression to pyelonephritis.3

It is unknown how the gestational age of the pregnancy at
the time of the infection impacts the riskof PTB. Additionally,
the type of PTB (early, late, spontaneous, provider initiated)
and species causing the UTI have not been rigorously evalu-
ated. Here, we evaluate the risk of PTB by subtype and early
term birth (37 and 38 weeks’ gestation) among women with
an emergency department (ED) visit or hospitalizationwith a
UTI by trimester of pregnancy.

Methods

The primary sample was drawn from all California live born
infants between 2011 and 2017. Birth certificates, maintained
byCaliforniaVital Statistics,were linked to ahospital discharge,
ED, and ambulatory surgery records maintained by the
California Office of Statewide Health Planning and Develop-
ment. These databases contain detailed information onmater-
nal and infantcharacteristics, hospitaldischargediagnoses, and
procedures. Hospital discharge, ED, and ambulatory surgery
files provided diagnoses and procedure codes based on the
International Classification of Diseases, 9th Revision, Clinical
Modification (ICD-9) and International Classification of Dis-
eases, 10thRevision, ClinicalModification (ICD-10) as reported
to the California Office of Statewide Health Planning and
Development by the hospitals. The study sample restricted to
singletons born between 22 and 44 weeks’ gestation, with
linked birth records formother and infant, and infantswithout
chromosomal abnormalities or major structural birth defects.
Structural birthdefects for thestudywere considered “major” if
determined by clinical review as causing major morbidity and
mortality that would likely be identified in thehospital at birth
or lead to hospitalization during the first year of life.18 Finally,
women with a maternal diagnostic code for asymptomatic
bacteriuria were excluded from the sample (►Fig. 1,
►Appendix 1).

UTI was defined as a maternal diagnostic code for a UTI or
pyelonephritis (►Appendix 1).19 Diagnoses were obtained
from hospital discharge, ED, or ambulatory surgery records
during pregnancy or on the birth record. Timing of infection
was examined by trimester (0–13 completed weeks¼first
trimester, 14–26 completed weeks¼ second trimester, 27–38
completed weeks¼ third trimester) or birth record. Women
whohadmore than onevisitwith an indicationof aUTI during
a single trimester were considered to have a persistent UTI.
Women with an indication of a UTI during more than one
trimester were considered to have a recurrent UTI. If they had

bothpersistent and recurrent infections, theywere only coded
as persistent. Women with a single diagnostic code for a UTI
were examined by the trimester of the diagnosis.Womenwith
only a diagnostic code for a UTI on the birth record were
examined separately. Type of visit was categorized as an ED
visit or hospital admission. Records also included ambulatory
surgery, however, due to small numbers this type of visit was
not evaluated separately, although was included in overall
numbers. When available, organism was identified using
diagnostic codes.

Best obstetric estimate of gestation at birth was obtained
from birth certificate records. Gestational age at deliverywas
categorized as before 32 weeks, between 32 and 36 weeks,
before 37 weeks (preterm), between 37 and 38 weeks (early
term), and between 39 and 42 weeks (full term) gestation.
PTB was defined as spontaneous or provider initiated. Spon-
taneous PTB was further subdivided into preterm premature
rupture of the membranes (PPROM) or premature spontane-
ous labor with intact membranes. Consistent with previous
reports,20 all pregnancieswith delivery before 37weekswith
indication of PPROM in the infant’s birth certificate or
mother’s hospital discharge records were included in the
PPROM group. Women with no indication of PPROM who
delivered before 37 weeks who had a code for premature
labor or tocolytic medication on birth certificate or hospital
discharge records were included in the spontaneous labor
with intact membranes group. Pregnancies resulting in
provider-initiated PTB were those without PPROM, prema-
ture labor, or tocolytic administration who had a code for
“medical induction” or “artificial rupture of membranes” on
birth certificate or hospital discharge records. Additionally,
provider-initiated PTBs included those for which there was a
cesarean delivery without any of the aforementioned codes.

Maternal characteristics for women with a birth less than
37 weeks, 37 to 38 weeks, and 39 to 42 weeks were compared
using chi-square statistics. Potential confounders selected
based on previous literature.20 Confounders from birth

Fig. 1 Sample selection.
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certificate records included: race or ethnicity, maternal age at
delivery, insurance coverage for delivery, maternal education,
parity, adequacy of prenatal care,21 prepregnancy body mass
index (BMI, calculated from prepregnancy weight and height),
smokingstatusduringpregnancy, andpreviousPTB.Additional
potential confounders selected from discharge diagnoses
including those that were noted by the coding hospital as
“complicating pregnancy”: hypertensive disorder, diabetes,
and drug or alcohol abuse or dependence (►Appendix 1).

Poisson log-linear regression was used to calculate relative
risks (RRs) and 95% confidence intervals (95% confidence
interval [CI]) for birth <32 weeks, 32 to 36 weeks, and 37
and 38 weeks. Referent populations for the analyses were
selected based on the timing of the outcome to avoid an
immortal timebias:whenexaminingbirth<32weeks,women
without a UTI during thefirst 31weeks of pregnancy served as
the referent population; when examining birth from 32 to
36 weeks and any less than 37 weeks, women without a UTI
during the first 36 weeks of pregnancy served as the referent
population; when examining birth between 37 and 38 weeks,
women without a UTI during the first 38 weeks of pregnancy
served as the referent population. Univariable and multivari-
able risk calculations were made. Multivariable models were
adjusted for potential confounders listed above. Themultivari-
ablemodel forUTI in thebirthadmissiononlywasalsoadjusted
for the mother’s length of hospital stay.

Risk ratios were estimated by trimester of infection and
type of visit (ED or hospital admission). Risks were also
estimated for type of PTB: PPROM, spontaneous labor, and
provider initiated PTB. Risk estimates were not performed for
births <32 weeks among women with a UTI in their third
trimester.

Due to limitations regarding information from outpatient
clinics and antibiotic usage in the California dataset, the
analyseswere replicated in a database from the state of Iowa.
Pregnant privately insured women who delivered between
2005 and 2015 (n¼ 26,350) contained in a claims dataset
including inpatient and outpatient datawere selected for the
analysisQ4. The databasewas queried for womenwho had an
ICD-9 or ICD-10 diagnostic code for a UTI within 6 months of
delivery. Infants born preterm were identified by ICD-9 and
ICD-10 codes (►Appendix 1). Logistic regressionwas used to
calculate RRs and 95% CIs for PTB using women without an
indication of a UTI and a birth greater than 37 completed
weeks as the referent population. Univariable and multivar-
iable odds calculations were made. In multivariable models,
risks were adjusted for confounders available in the dataset,
which included maternal age at delivery, gestational diabe-
tes, and gestational hypertension. Women with a UTI were
queried for antibiotic use within 6 months prior to delivery.
Antibiotics were defined as appropriate for a UTI during
pregnancy,1,22 however, it was unknown if the medication
was prescribed for a UTI.

All analyses were performed using Statistical Analysis
Software version 9.4 (Cary, NC). Methods and protocols for
the studywere approved by the Committee for the Protection
of Human Subjects within the Health and Human Services
Agency of the State of California. For the Iowa population,

this project was deemed exempt from IRB due to being an
unidentifiable dataset.

Results

Of the 2,977,241 California births in our sample, 189,321
(6.4%) occurred <37 weeks, 723,930 (24.3%) were 37 to
38weeks, and 2,063,990 (69.3%) were 39 to 42weeks. Nearly
50% (49.0%) of the sample was Hispanic, 78.1% was between
18 and 34 years of age at delivery, and 46.0% used public
insurance as the payer for delivery. Women in these three
gestational age groups significantly differed by all measured
factors: race or ethnicity, age at delivery, payment for deliv-
ery, education, parity, adequacy of prenatal care, prepreg-
nancy BMI, diabetes, hypertension, smoking, drug/alcohol
use, anemia, mental illness, and previous PTB (►Table 1).

Of theCalifornia sample, 160,861 (5.4%)hadan indicationof
aUTIduringpregnancy.Of the85,908womenwhohadaUTI in
the first 31 weeks of pregnancy and either delivered <32
weeks or between 39 and 42 weeks, 1,773 (2.1%) had a birth
<32 weeks versus 0.9% of the 1,996,519 women who did not
have aUTI in this timeperiod (adjusted risk ratio [aRR] 1.6, 95%
CI 1.5–1.7) (►Table 2,►Supplementary Table S1). Risks were
also elevated for births between 32and36weeks (aRR1.4, 95%
CI 1.3, 1.4), any birth<37weeks (aRR 1.4, 95% CI 1.3–1.4), and
between 37 and 38weeks (aRR 1.1, 95% CI 1.1–1.2) (►Table 2;
►Supplementary Tables S1–S3 and S4).

Women with a UTI only in the first trimester were at
elevated risk of a birth <32 weeks (aRR 1.4, 95% CI 1.3–1.6),
32 to 36weeks (aRR 1.1, 95% CI 1.1–1.3), any birth<37weeks
(aRR 1.2, 95%CI 1.2–1.3) and 37 and38weeks (aRR 1.1, 95%CI
1.1–1.1). After adjustment, little difference was seen in the
risk calculations betweenwomen seen in the ED and women
admitted to the hospital with a first trimester UTI (►Table 2;
►Supplementary Tables S1–S3 and S4).

Womenwith a second trimester UTI were at elevated risk
of a birth <32 weeks, 32 to 36 weeks, and 37 to 38 weeks
(aRRs 1.7, 1.3, 1.1, respectively) (►Table 2; ►Supplementary

Tables S1, S2, and S4). Of the 4,123 women who were
hospitalized in the second trimester with a UTI and delivered
<32 weeks or between 39 and 42 weeks, 3.7% delivered <32
weeks versus 0.9% of womenwho did not have a UTI (aRR 2.8,
95% CI 2.4–3.3) (►Table 2,►Supplementary Table S1). Wom-
en who were hospitalized with a third trimester UTI were at
elevated risk of a birth between 32 to 36 weeks and 37 to
38weeks (aRRs 2.1 and 1.3, respectively), whereas an ED visit
with a third trimester UTI did not elevate the risk of a PTB.
Women with a persistent or recurrent UTI were at elevated
risks of birth<32 weeks, 32 to 36 weeks, and 37 to 38 weeks
(aRRs 1.2–2.3) (►Table 2).

Women in the California population who did not have a
UTI diagnosis in a predelivery record but did have a UTI in the
birth record were at increased risk of early birth. Notably,
28.7% of the 3,068 women who had a UTI diagnosis on the
birth record only delivered<32weeks comparedwith 0.9% of
women who did not have a UTI (aRR 10.3, 95% CI 9.6–11.0).

Of the 7,442 women in the California populationwho devel-
oped pyelonephritis in the first 36 weeks of pregnancy and

American Journal of Perinatology Reports Vol. 11 No. 1/2021 © 2021. American Academy of Audiology.

Risk of Early Birth among Women with a UTI Baer et al. e7



Table 1 Sample characteristics among women from CaliforniaQ5

Less than 37 37–38 39–42

Sample 189,321 723,930 2,063,990

Race or ethnicitya

White non-Hispanic 41,987 (22.2) 160,354 (22.2) 588,083 (28.5)

Hispanic 96,574 (51.0) 373,651 (51.6) 988,657 (47.9)

Black non-Hispanic 13,625 (7.2) 36,961 (5.1) 95,680 (4.6)

Asian 26,952 (14.2) 119,024 (16.4) 288,904 (14.0)

Other 10,183 (5.4) 33,940 (4.7) 102,665 (5.0)

Age at delivery (years)a

Less than 18 3,709 (2.0) 12,254 (1.7) 34,190 (1.7)

18–34 139,680 (73.8) 556,615 (76.9) 1,628,440 (78.9)

More than 34 45,913 (24.3) 155,031 (21.4) 401,298 (19.4)

Missing 19 (0.0) 30 (0.0) 62 (0.0)

Payment for deliverya

Private insurance 83,937 (44.3) 329,179 (45.5) 1,006,356 (48.8)

Medi-Calb 93,884 (49.6) 348,405 (48.1) 926,277 (44.9)

Other 11,500 (6.1) 46,346 (6.4) 131,357 (6.4)

Maternal educationa (years)

Less than 12 36,920 (19.5) 135,882 (18.8) 336,949 (16.3)

12 48,526 (25.6) 181,190 (25.0) 497,945 (24.1)

More than 12 92,153 (50.3) 377,098 (52.1) 1,141,832 (55.3)

Missing 8,722 (4.6) 29,760 (4.1) 87,264 (4.2)

Paritya

Nulliparous 72,168 (38.1) 247,454 (34.2) 829,247 (40.2)

Multiparous 116,939 (61.8) 476,041 (65.8) 1,233,452 (59.8)

Missing 214 (0.1) 432 (0.1) 1,291 (0.1)

Adequacy of prenatal carea,c

Adequate plus/adequate 145,541 (76.9) 547,290 (75.6) 1,493,585 (72.4)

Intermediate 15,815 (8.4) 87,980 (12.2) 308,567 (15.0)

Inadequate 22,045 (11.6) 72,655 (10.0) 218,917 (10.6)

Missing 5,920 (3.1) 16,005 (2.2) 42,921 (2.1)

Prepregnancy body mass indexa

Less than 18.5 m/kg2 7,736 (4.1) 30,638 (4.2) 74,318 (3.6)

18.5–24.9 m/kg2 77,152 (40.8) 324,618 (44.8) 949,311 (46.0)

25.0–29.9 m/kg2 46,934 (24.8) 179,282 (24.8) 520,478 (25.2)

30.0 m/kg2 or more 47,544 (25.1) 158,540 (21.9) 436,954 (21.2)

Missing 9,955 (5.3) 30,852 (4.3) 82,929 (4.0)

Any diabetesa 35,200 (18.6) 104,828 (14.5) 200,416 (9.7)

Any hypertensiona 45,630 (24.1) 95,087 (13.1) 131,634 (6.4)

Smokeda 9,756 (5.2) 22,633 (3.1) 57,416 (2.8)

Drug/alcohol usea 9,397 (5.0) 16,307 (2.3) 34,355 (1.7)

Previous preterm birtha 8,198 (4.3) 10,353 (1.4) 12,135 (0.6)

ap< 0.0001 by Chi-square.
bCalifornia’s Medicaid, health coverage for low income persons.
cper Kotelchuck.21
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delivered pretermor between 39 and 42weeks, 14.9% had a PTB
compared with 8.1% of women without pyelonephritis or UTI
(aRR1.5,95%CI1.4–1.6) (►Table 2,►Supplementary Table S3).

Of the womenwith an indication of a UTI in the California
dataset, 21.1% had a code for an organism that could be
associated with the UTI. The most commonly documented
organism was Escherichia coli (n¼ 3,918). When examining
the rate of PTB by organism, women with an organism code
had a PTB rate of 15.2% or higher, whereas the PTB rate for
women without a documented organism code was 9.2%. The
highest rate of PTB was among women infectedwith a single
species was for women infected with Enterococcus species
(41 of 144, 28.5%). The rate of PTBwas 28.8% for womanwith
more than one bacterial species (►Table 3).

When considering the type of PTB, women were consis-
tently at increased risk of spontaneous preterm labor, either
<32 weeks or 32 to 36 weeks (►Supplementary Tables S1

and S2). Women hospitalized with a second trimester UTI
were at 2.8-fold higher riskof a birth<32weekswith PPROM,
3.2-times higher risk of a birth<32 weeks with spontaneous
labor with intact membranes, and 2.3-fold higher risk of
birth <32 weeks due to provider initiation compared with
women without a UTI during pregnancy (►Supplementary

Table S1).
In the Iowa dataset, 4,492 (17.1%)womenhad aUTIwithin

6months prior to delivery. After adjustments, womenwith a

UTI were 1.4-times more likely to have a PTB than women
without aUTI (95% CI 1.2–1.6). Over 90% of womenwith aUTI
had a record of an antibiotic prescribed within 6 months
prior to delivery. When examining the risk of PTB among
women with antibiotic use, treated women were 1.4-times
more likely to have a PTB than women without a UTI (95% CI

Table 2 Risk of preterm and early term birth among women from California with an emergency room visit or hospitalization for a
urinary tract infection by trimester of pregnancy

Subtype Gestation at birth (weeks)

<32 32–36 Any <37 37 and 38

aRR (95% CI) aRR (95% CI) aRR (95% CI) aRR (95% CI)

Any urinary tract infection in pregnancy 1.6 (1.5, 1.7) 1.4 (1.3, 1.4) 1.4 (1.3, 1.4) 1.1 (1.1, 1.2)

First trimester only 1.4 (1.3, 1.6) 1.2 (1.2, 1.3) 1.2 (1.2, 1.3) 1.1 (1.1, 1.1)

ED visit 1.4 (1.3, 1.5) 1.3 (1.2, 1.5) 1.2 (1.2, 1.3) 1.1 (1.1, 1.1)

Hospitalized 2.2 (1.7, 2.9) 1.4 (1.3, 1.6) 1.4 (1.2, 1.5) 1.1 (1.0, 1.2)

Second trimester only 1.7 (1.5, 1.8) 1.3 (1.2, 1.3) 1.3 (1.3, 1.4) 1.1 (1.1, 1.1)

ED visit 1.4 (1.3, 1.6) 1.3 (1.2, 1.3) 1.3 (1.2, 1.3) 1.1 (1.1, 1.1)

Hospitalized 2.8 (2.4, 3.3) 1.5 (1.4, 1.6) 1.6 (1.4, 1.7) 1.1 (1.1, 1.2)

Third trimester only a 1.6 (1.5, 1.7) 1.5 (1.4, 1.6) 1.2 (1.2, 1.2)

ED visit a 1.1 (1.0, 1.2) 1.1 (1.0, 1.2) 1.1 (1.0, 1.1)

Hospitalized a 2.1 (2.0, 2.2) 2.0 (1.8, 2.1) 1.3 (1.3, 1.4)

Birth hospitalization only 10.3 (9.6, 11.0) 3.2 (3.0, 3.3) 3.1 (3.0, 3.3) 1.1 (1.1, 1.1)

Persistent 1.7 (1.5, 1.9) 1.4 (1.4, 1.5) 1.4 (1.4, 1.5) 1.2 (1.2, 1.2)

Recurrent 2.3 (2.1, 2.6) 1.6 (1.5, 1.7) 1.6 (1.5, 1.7) 1.2 (1.2, 1.3)

Pyelonephritis 1.8 (1.5, 2.1) 1.5 (1.4, 1.6) 1.5 (1.4, 1.6) 1.1 (1.1, 1.1)

Abbreviations: aRR, adjusted risk ratio; CI, confidence interval; ED, emergency department; UTI, urinary tract infection.
Note: Bold when p< 0.05; aRR: adjusted for race/ethnicity, age, education, payer for delivery, body mass index, parity, smoking, drug/alcohol
dependence/abuse, diabetes, hypertension (including preeclampsia), previous preterm birth. Birth hospitalization only also adjusted for length of
hospital stay; For each time period with “only,” woman did not have more than one ED visit of hospitalization; Persistent¼more than one ED visit or
hospitalization in a time period; Recurrent¼UTI in more than one time period; If they had both persistent and recurrent, they were coded as
persistent.
aThird trimester calculations were not made for delivery <32 wk.

Table 3 Rate of preterm birth by organism among women
from California

Preterm

n %

Escherichia coli (n¼ 3,918) 597 15.2

Klebsiella (n¼ 243) 52 21.4

Proteus (n¼ 119) 21 17.7

Pseudomonas (n¼ 44) 8 18.2

Streptococcus (n¼ 320) 75 23.4

Enterococcus (n¼ 144) 41 28.5

Staphylococcus (n¼ 149) 32 21.5

Multiple species (n¼ 146) 42 28.8

Other/Unspecified ICD-9/10 code (n¼ 4,800) 824 17.2

No organism ICD-9/10 code (n¼ 126,909) 11,716 9.2

Abbreviation: ICD, Indian Classification of Disease-Ninth Revision.
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1.2–1.5). Women who did not have a record of an antibiotic
prescription were at an adjusted 1.5-times higher risk of a
PTB than women without a UTI in the 6 months prior to
delivery (95% CI 1.0–2.2, p< 0.05) (►Table 4).

Discussion

In this large California population-based sample, a UTI
increased the risk of a PTB, particularly a spontaneous PTB.
This riskwas elevated regardless of the trimester of pregnancy,
but women hospitalized with a UTI during their second
trimester were at greatest risk, suggesting that more severe
infections further elevate the risk during this time period. Of
particular concern, after adjustments, women hospitalized
with a UTI during their second trimester were at threefold
higher riskof a birth<32weeks. The diagnosis of pyelonephri-
tis did not showhigher riskof a PTB than the diagnosis of aUTI.
Treatment of the UTI did not dramatically reduce the odds of
PTB in our Iowa sample.

We are not thefirst to demonstrate an association between
UTIs and PTB.8–12 Other population-based studies have found
the odds of PTB are two-times higher for women with a UTI
during pregnancy. Here, we calculated RRs and found women
with a UTI during pregnancy were 1.4-times more likely to
experience a PTB after adjusting for maternal factors. Studies
examining early PTB (defined as <34 weeks in other studies,
<32 weeks in our study) have reported mixed findings. In a

population-based study out of Israel, Mazor-Dray and col-
leagues11 found women with a UTI were at two-times higher
odds of a birth<34weekswhereas Chen and colleagues found
no association in a Taiwanese population.11,13 Few other
population-based studies have examined timing of UTI and
riskof pretermdelivery.Morken and colleagues did notfindan
association between a UTI before 17 weeks’ gestation and
PTB.14 Womenwith UTIs early in pregnancy in our study also
had an increased risk of PTB (1.2-fold increased risk for
infection in the first trimester, 1.2-fold increased risk for
infection in the second trimester). Again, few others have
examined the association between UTIs and spontaneous or
provider initiatedPTB. In theCardiff Birth Survey,womenwith
asymptomatic bacteriuria had two-times higher odds of a
medically indicated PTB but not spontaneous.17 Our study
generally found a greater association with spontaneous PTB,
but womenwith a UTI during some time points in pregnancy
were also at increased risk of a provider initiated PTB. It is
notable that we are unique in our evaluation of the risk of an
early term(37and38weeks)birth;ourdata foundthatwomen
with a UTI during pregnancy were at slightly increased risk
(aRR 1.1) of an early term birth.

Findings regarding the association between pyelonephritis
and PTB have also been discordant. Farkash and colleagues
showed an increased odds of PTB for womenwith pyelonephri-
tis (OR 2.6)10 and Bánhidy and colleagues demonstratedgreater
risk of PTB with greater severity of infection.9 Conversely, Chen
andcolleaguesdidnotfindanassociationbetweenwomenwith
pyelonephritis andPTB risk.Weshowedanassociationbetween
pyelonephritis and PTB, but the riskwas not elevated over acute
cystitis. However, we did show that women hospitalizedwith a
UTI during their second trimester are at greatest risk of PTB,
suggesting that more severe infections (hospitalized) further
elevate the risk during this time period.

There are several explanations for the differences between
our findings and those of others. Our population may have
been at higher risk than other population-based studies. In the
low-risk Scandinavian population examined by Morken and
colleagues, the association with UTI and PTB was negative.14

Our diverse population may have been at higher risk for PTB.
Like Chen and colleagues, we obtained UTI diagnosis via ICD-9
codes.13However, Chenandcolleagues consideredUTIswithin
9monthsofdeliveries. ForwomenwithaPTB, thismay include
UTIs that occurred prior to pregnancy, perhaps contributing to
their negative findings. Further, Chenwas identifying women
fromambulatory care settings. It is possible thatwomen inour
study had more severe infections because they were present-
ing at the ED or were hospitalized.

Our findings support a leading hypothesis of one cause of
PTB. Infection may lead to early delivery when bacteria ascend
to theuterus and stimulate secretionof inflammatorycytokines
which have been associated with different subtypes of
PTB.15,23,24 It has been suggested that some antibiotics may
prevent PTB.9,10 Treatment of asymptomatic bacteriuria is
recommended based on the assumption that it can lead to
better birth outcomes.5,6 However, similar to ours, several
studies have suggested that the risk of early delivery among
women with a UTI persists despite treatment.11,25,26 We

Table 4 Risk of preterm birth amongwomen from Iowawith an
outpatient visit for a urinary tract infection within 6 months of
delivery

Any <37 wk �37 wk

n (row %) n (row %)

RR (95% CI) RR (95% CI)

aRR (95% CI) aRR (95% CI)

Sample (n¼ 26,350) 1,587 (6.0) 24,763 (94.0)

Outpatient urinary tract infection

No (n¼ 21,858) 1,231 (5.6) 20,627 (94.4)

Reference

Yes (n¼ 4,492) 356 (7.9) 4,136 (92.1)

1.4 (1.3, 1.6)

1.4 (1.2, 1.6)

Antibiotic prescribed
(n¼ 4,156)

328 (7.9) 3,828 (92.1)

1.4 (1.2, 1.6)

1.4 (1.2, 1.5)

No antibiotic on
record (n¼ 336)

28 (8.3) 308 (91.7)

1.5 (1.0, 2.2)

1.5 (1.0, 2.2)

Abbreviations: aRR, adjusted risk ratio; CI, confidence interval; RR,
relative risk.
Note: Bold when p< 0.05; aRR: adjusted for age, gestational diabetes,
and gestational hypertension.
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showed that women were at elevated risk of PTB regardless of
treatment when the UTI was diagnosed at an inpatient or
outpatient visit within 6 months of delivery. This suggests
that treatment may not adequately halt the inflammatory
cascade leading to PTB, and that infection early in pregnancy
is still associated with early parturition months later. Our
evaluation of species causing the UTI suggests that the risk of
PTB may differ by causal agent. As bacterial species have
differing pathogenic properties, these differences may further
suggest pathophysiology of UTI and PTB.

Our study has many strengths that contribute to the
knowledge of the relationship between UTIs and preterm
and early term birth. Our California population is large and
diverse, allowing for examination of PTB by subtype, by
trimester of infection, and by type of encounter with
health care. The linked database contains information
that permitted adjustment of the risk that was not possible
in many of the previous studies. Comparing our ascertain-
ment with other population-based studies suggests we
have good ascertainment of the diagnosis of UTIs. In
previous studies, 2.3 to 5.7% of pregnant women experi-
ence a UTI, while 5.4% of our population experienced this
complication.9,11 We were able to replicate our findings in
a sample of women in Iowa and evaluate antibiotic usage in
this population.

Despite these strengths, using an administrative database
also has limitations that require appropriate interpretation.
Although theCalifornianpopulationhad timing ofdiagnosis at
an ED or hospital, this is likely not always the time of symptom
onset. If symptomshadpersisted for longer thanaverage inour
population, our findings may overestimate the risk of early
birth. Of thewomenwith a diagnosis of a UTI, only 21.1% had a
code for the causative organism. It was unknownhowmanyof
thewomen had a culture that was not documented in the ICD-
9 diagnostic codes. Different species of bacteria have different
pathogenic factors that may increase or decrease risk of early
birth. In fact, the percent PTB by organism identified in our
population ranged from 15.2 to 28.8%, indicating that some
organisms may result in worse outcomes than others. Finally,
the California dataset did not have information regarding
treatment. Based on findings in the Iowa dataset, it is likely
that antibiotic treatment does not fully eliminate risk of PTB
associated with a UTI.

To conclude, our findings suggest that UTIs are associated
with PTB, particularly a spontaneous PTB. This risk is elevat-
ed regardless of the trimester of pregnancy andwhether they
received antibiotic treatment. Women hospitalized with a
UTI during their second trimester were at greatest risk,
suggesting that more severe infections further elevate the
risk during this time period. Women should be advised of
this risk and encouraged to seek medical care if they develop
symptoms consistent with a UTI.

Conclusion

Womenwith a UTI during pregnancy were at elevated risk of
a birth < 32 weeks, 32 to 36 weeks, and 37 to 38 weeks
(adjusted risk ratios [aRRs] 1.1–1.4). Of the women with a

diagnostic code for multiple bacterial species, 28.8% had a
PTB. A UTI diagnosis elevated risk of PTB regardless of
antibiotic treatment (aRR 1.4 for treated, aRR 1.5 for untreat-
ed). This association of preterm birth and UTIs during
pregnancy is present regardless of the trimester of pregnan-
cy, type of type of preterm birth, and antibiotic treatment.
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Appendix 1 Diagnostic codes used from emergency department and hospital discharge records

Diagnosis ICD-9/10 diagnostic code

Asymptomatic bacteriuria 646.5 Asymptomatic bacteriuria in pregnancy
O23.9 Other and unspecified genitourinary tract infection in pregnancy

Urinary tract infection 590.1 Acute pyelonephritis
N10 Acute tubulo-interstitial nephritis
595.0 Acute cystitis
N30.0 Acute cystitis
595.9 Cystitis, unspecified
N30.9 Cystitis, unspecified
597.80 Urethritis, unspecified
N34.1 Nonspecific urethritis
N34.2 Other urethritis
599.0 Urinary tract infection, site not specified
N39.0 Urinary tract infection, site not specified
646.6 Infections of genitourinary tract in pregnancy complicating pregnancy,
childbirth, and the puerperium
O23.0 Infections of kidney in pregnancy
O23.1 Infections of bladder in pregnancy
O23.2 Infections of urethra in pregnancy
O23.3 Infections of other parts of urinary tract in pregnancy
O23.4 Unspecified infection of urinary tract in pregnancy

Pyelonephritis 590.1 Acute pyelonephritis
O23.0 Infections of kidney in pregnancy
N10 Acute tubulo-interstitial nephritis

Drug or alcohol
dependence/abuse

648.3 Drug dependence complicating pregnancy, childbirth, and the puerperium
305 Nondependent abuse of drugs
304 Drug dependence
303 Alcohol dependence syndrome
P04.4 Fetus and newborn affected by maternal use of drugs of addiction
F10 Mental and behavioral disorders due to use of alcohol
F11 Mental and behavioral disorders due to use of opioids
F12 Mental and behavioral disorders due to use of cannabinoids
F13 Mental and behavioral disorders due to use of sedatives or hypnotics
F14 Mental and behavioral disorders due to use of cocaine
F15 Mental and behavioral disorders due to use of other stimulants, including caffeine
F16 Mental and behavioral disorders due to use of hallucinogens
F18 Mental and behavioral disorders due to use of volatile solvents
F19 Mental and behavioral disorders due to multiple drug use and
use of other psychoactive substances

Hypertensive disorder 642 Hypertension complicating pregnancy, childbirth, and the puerperium
O1 Edema, proteinuria, and hypertensive disorders in pregnancy,
childbirth, and the puerperium

Diabetes 250 Diabetes mellitus
648.0 Diabetes mellitus
648.8 Abnormal glucose tolerance
P70.0 Syndrome of infant of mother with gestational diabetes
P70.1 Syndrome of infant of a diabetic mother
O24 Diabetes mellitus in pregnancy

E. coli 041.4 Escherichia coli
038.42 Escherichia coli
B96.2 Escherichia coli (E. coli) as the cause of diseases classified to other chapters

Proteus 041.6 Proteus (mirabilis) (morganii)
B96.4 Proteus (mirabilis)(morganii) as the cause of diseases classified to other chapters

Pseudomonas 041.7 Pseudomonas
038.43 Pseudomonas
B96.5 Pseudomonas (aeruginosa) as the cause of diseases classified to other chapters

Other/unspecified 038.44 Serratia
038.49 Other
038.40 Gram-negative organism, unspecified
038.41 Hemophilus influenzae (H. influenzae)
B96.3 Hemophilus influenzae (H. influenzae) as the cause of diseases classified to other chapters

(Continued)
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Appendix 1 (Continued)

Diagnosis ICD-9/10 diagnostic code

041.84 Other anaerobes
041.85 Other gram-negative organisms
041.86 Helicobacter pylori (H. pylori)
038.9 Unspecified septicemia
041.9 Bacterial infection, unspecified
B96.6 Bacillus fragilis [B. fragilis] as the cause of diseases classified to other chapters
B96.8 Other specified bacterial agents as the cause of diseases classified to other chapters

Klebsiella 041.3 Friedländer’s bacillus
B96.1 Klebsiella pneumoniae [K. pneumoniae] as the cause of diseases
classified to other chapters

Streptococcus 041.0 Streptococcus
038.0 Streptococcal septicemia
B95.0 Streptococcus, group A, as the cause of diseases classified to other chapters
B95.1 Streptococcus, group B, as the cause of diseases classified to other chapters
B95.3 Streptococcus pneumoniae as the cause of diseases classified to other chapters
B95.4 Other Streptococcus as the cause of diseases classified to other chapters
B95.5 Unspecified Streptococcus as the cause of diseases classified to other chapters

Enterococcus 041.04 Streptococcus Group D (Enterococcus)
B95.2 Streptococcus group D and enterococcus as the cause of diseases
classified to other chapters

Staphylococcus 038.1 Staphylococcal septicemia
041.1 Staphylococcus
B95.6 Staphylococcus aureus as the cause of diseases classified to other chapters
B95.7 Other Staphylococcus as the cause of diseases classified to other chapters
B95.8 Unspecified Staphylococcus as the cause of diseases classified to other chapters

Preterm birth
(Iowa population only)

644.21 Early onset of delivery
O60.1 Preterm spontaneous labor with preterm delivery

Abbreviation: ICD, International Classification of Disease-Ninth Revision.
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