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Abstract

Purpose—Recurrent urinary tract infections and pyelonephritis have risk factors suggesting
genetic sources. Family history variables indicative of genetic risk merit further investigation. We
evaluated the risk of recurrent cystitis and pyelonephritis in women with and those without a
family history of urinary tract infection.

Materials and Methods—We conducted a population based case-control study of 1,261
women 18 to 49 years old enrolled in a Northwest health plan. Participants were cases identified
from plan databases with documented recurrent cystitis (431) or pyelonephritis (400). Shared
controls (430) were similar age women with no urinary tract infection history. We evaluated the
history of urinary tract infection and pyelonephritis in first-degree female relatives (mother,
sister[s], daughter[s]) and other covariates, ascertained through questionnaires and computerized
databases.

Results—Of the cases 70.9% with recurrent cystitis and 75.2% with pyelonepbhritis, and of the
controls 42.4% reported a urinary tract infection history in 1 or more female relative (p <0.001 for
each case group vs controls). In both case groups odds ratios were significantly increased for
women reporting a urinary tract infection history in their mother, sister(s) or daughter(s). Risk
increased with a greater number of affected relatives. In women with 1 vs 2 or more relatives the
ORs for recurrent cystitis were 3.1 (95% CI 2.1, 4.7) and 5.0 (3.1, 8.1), and the ORs for
pyelonephritis were 3.3 (2.2, 5.0) and 5.5 (3.4, 9.0), respectively.

Conclusions—In these community dwelling women a urinary tract infection history in female
relatives was strongly and consistently associated with urinary tract infection recurrence and
pyelonephritis. Risk estimates increased with stronger family history indices, suggesting a genetic
component for increased susceptibility to these infections.
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Acute uncomplicated UTlIs are a major source of morbidity and medical costs for
premenopausal women. Young adult women experience approximately 0.5 to 0.7 episodes
per woman per yearl and an estimated 60% of women experience a UTI at some point.2 A
subset of these women have frequent recurrent infections.3,4 Pyelonepbhritis, the less
common but more severe upper urinary tract infection, accounts for nearly 200,000
hospitalizations annually.5,6 In otherwise healthy premenopausal women behavioral host
factors such as sexual and contraceptive practices are strongly associated with recurrent
cystitis and pyelonephritis.1,2,7-9 However, substantial proportions of these women do not
have strong behavioral risk factors.

Numerous studies now provide evidence that host genetics also influence susceptibility to
infection. 10-12 For UTIs a few studies report that women with recurrent UTIs or
pyelonephritis have stronger family histories of UTI compared to other women.7,8,13
However, more detailed evaluation is needed of family history patterns such as number and
type of UTIs as well as risk of infection with increasing numbers of affected family
members, particularly with the benefit of a control group. This study was performed to more
fully characterize and to quantify the role of family history as a risk factor for the occurrence
of UTlIs. Specifically we evaluated UTI histories in first-degree female relatives as risk
factors for recurrent cystitis and pyelonephritis in a population based case-control study of
1,261 adult women.

MATERIALS AND METHODS
Study Setting and Participants

This study was conducted at Group Health Cooperative, a mixed model health care
organization headquartered in Seattle, Washington. During study enrollment (March 2004 to
December 2007) approximately 135,000 women enrollees were 18 to 49 years old, the target
age group. The Group Health Human Subjects Committee approved all study protocols.
Participants provided written informed consent.

To select potential recurrent cystitis and pyelonephritis case subjects we used the health plan
computerized databases. Using the enrollment, inpatient, ambulatory care, laboratory and
pharmacy databases we created a UTI registry for the most recent 5-year period, identifying
all age eligible women with at least 12-month enrollment who lived within the Group Health
research clinic catchment area. Potential rUTI case subjects were identified based on 3 or
more diagnosed cystitis episodes (ICD-9 codes 595.0, 595.9, 597.81, 599.0 with episodes
separated by 30 days or more) within a 12-month period or 2 episodes within 6 months.7
Culture confirmation (103 cfu/ml or more of a urinary pathogen) or UTI guideline related
treatment was required for all UTI episodes in the cluster.14 Potential pyelonephritis
subjects were identified through having received a diagnosis of acute pyelonephritis (ICD-9
codes 590.1, 590.10, 590.3, 590.8, 590.80, 590.81). If they received only outpatient
treatment an accompanying culture result of 103 cfu/ml or more of a uropathogen or
antibiotic therapy appropriate for pyelonephritis was required. Uropathogens were the same
as for earlier studies.8,15 During the sampling the case participants were assigned a
reference date (first rUTI or pyelonephritis episode in the registry) subject to change based
on participant study interview information.

The remainder of the women in the 5-year registry constituted the potential controls. Control
women were selected randomly, frequency matching by case age group (age 18 to 29, 30 to
39, 40 to 49 years). Potential control participants also had some type of health care use
during the registry interval. Control women were randomly assigned a reference date based
on the reference dates from the completed cases in their age group. We updated the registry
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at approximately 6-month intervals, adding new cases and new enrollees, and removing
women already sampled. At each update the registry contained data for the most recent 5
years.

Potential case and control participants were selected from the registry at approximately
monthly intervals. Potential participants were sent a letter of invitation with telephone
followup beginning 1 week later to ascertain eligibility and willingness to participate.
Recruitment protocols required calling potential participants 12 or more times at different
times of day on weekdays and weekends. Exclusion criteria were kept to a minimum.
Potential participants were excluded from study if they could not urinate on their own or
were not ambulatory. Potential rUTI cases or controls who reported diagnoses of
pyelonephritis or kidney infections were enrolled in the pyelonephritis case group. We
excluded potential controls from study who reported any other UTI diagnoses. Women who
were willing to participate were scheduled for a clinic visit. The appointment materials
asked women to discuss UTI histories with available female relatives before the visit.

The final study group consisted of 1,261 participants, including 431 rUTI and 400
pyelonephritis case women, and 430 control women. Of 877 potential rUTI participants 431
(59%) were found to be eligible and willing to participate, and completed clinic
appointments, 144 were ineligible, 256 declined and 46 could not be reached. Of 673
potential pyelonephritis participants 400 (69%) identified as eligible completed
appointments, 89 were ineligible, 155 declined and 29 could not be reached. Of 1,923
potential control women selected 430 (47%) completed appointments, 999 were ineligible
largely due to having a cystitis history, 440 declined and 54 could not be reached.

Data Collection

Participants visited the Seattle Group Health Research Clinic and completed 2 study
questionnaires. Survey 1 was self-administered, and included items on demographics,
medical history, family and personal history of genitourinary infections, and behavioral risk
factors. This survey also ascertained the history of UTI in first-degree female relatives
(mother, sister[s], daughter[s]). Participants were asked about bladder and/or kidney
infections, and the number of such infections in each relative. Survey 2 was an in-person
interview focused on events near the reference date, and included questions about risk
factors (sexual behaviors, spermicidal products, incontinence) within 6 months and 30 days
of the reference date. A life events calendar was used to help with recall.16,17 Participants
also were asked if they had queried female relatives about UTI histories. Participants were
reimbursed $100.

Statistical Analysis

The 2 case groups and the control group were characterized with regard to demographics
and other variables of interest. For each case group we examined associations with
behavioral and demographic risk factors using contingency table analysis and logistic
regression to compute ORs and 95% Cls. UTI history in first-degree female relatives was
evaluated in greater detail by examining a history of any UTI, multiple UTIs and
pyelonephritis. To enhance recall validity and address possible differential recall by cases
and controls we also evaluated mother and daughter UTI histories in the subgroup of women
who reported asking their relatives about these exposures. Subsequently among women
providing complete data for all relatives we calculated a variable for total number of UTI
affected first-degree female relatives. Conditional logistic regression was used to calculate
age adjusted risk estimates for women with 1, or 2 or more affected relatives, stratifying by
the number and type of female relatives. Lastly we examined the joint association of family
history and behavioral exposures by looking at strata of UTI history in a relative (none vs
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any relative) and intercourse frequency 30 days before the reference date (less than 3 vs 3 or
more episodes per week). All analyses were performed using SAS®.

Women in the 2 case groups were similar to controls with respect to age and race/ethnicity.
Case women were less likely to be currently married, and more likely to have smoked and to
have a pregnancy history than control women. Pyelonephritis cases also reported less
education and income than controls, and were more likely to report fair or poor health.18

Many of the previously identified risk factors for these 2 outcomes were confirmed in this
study sample (table 1). A history of sexual intercourse, frequency of intercourse episodes
and new sex partner close to the reference date, and multiple partners increased risk for both
outcomes. Odds ratios ranged from approximately 1.5 to 6.0. A chlamydia/sexually
transmitted disease history also significantly increased risk. Generally associations with
sexual and contraceptive behavior were stronger for rUTI than for pyelonephritis.
Pyelonephritis risk was significantly increased for 2 or more births, incontinence and
chronic diseases.

A UTI history in a first-degree female relative also revealed strong associations for both
case groups (table 2). For participants whose mother had any UTI history (cystitis and/or
pyelonephritis) the OR for rUTI was 2.5 (95% CI 1.9, 3.4) relative to controls, and for
pyelonephritis the OR was 3.3 (95% CI 2.4, 4.5). Risk also was significantly increased when
sisters or daughters were affected, with ORs ranging from 2.6 to 4.1. Generally we also
observed increased risk when a first-degree relative had frequent UTIs (5 or more) or a
pyelonephritis history (table 2).

A total of 983 participants (77%, 80% and 77% of rUT]I cases, pyelonephritis cases and
controls, respectively) reported ascertaining UTI history in their first-degree relatives. In this
subgroup the associations between study outcomes and UTI in first-degree relatives,
although generally somewhat lower, remained significantly increased for all but 1 of the
significant associations (pyelonephritis history and risk of rUTI) reported for the overall
study group in table 2.

Risk of rUTI as well as pyelonephritis increased with increasing numbers of affected first-
degree relatives. In those women with no missing information on UTI history in any of their
relatives (838, 66%) the age adjusted risks for rUTI with 1 and 2 or more affected relatives
were OR 3.1 (95% CI 2.1, 4.7) and OR 5.0 (95% CI 3.1, 8.1), respectively. For
pyelonephritis the risks were OR 3.3 (95% ClI 2.2, 5.0) and OR 5.5 (95% CI 3.4, 9.0),
respectively.

We also examined risks associated with family history of UTI (no affected relatives vs any)
in strata of a strongly associated behavioral variable, the frequency of intercourse within 30
days of the reference date (less than 3 vs 3 or more times per week). Using the referent
category of no affected relatives/less frequent intercourse we observed significantly
increased risks in the intermediate strata (ORs ranging from 2.1 to 3.7). In the stratum
positive for family history/more frequent intercourse risk estimates were notably higher (OR
12.6; 95% CI 6.8, 23.3 for rUTI and OR 9.6; 95% CI 5.1, 18.0 for pyelonephritis).

DISCUSSION

In this sizeable population based study of community dwelling women we examined risk
factors for recurrent cystitis and pyelonephritis using a shared control group with no UTI
history. UT]I histories in first-degree female relatives were strong and consistent risk factors
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for both conditions. We noted substantially increased risk for each type of relative and
higher risk with greater numbers of infections. We also observed higher risk for both
conditions with greater numbers of affected relatives. Evaluation of family UTI history in
conjunction with a strong behavioral risk factor, intercourse frequency, showed that risk in
women with combined exposures was considerably higher than with either exposure
category alone.

These results build on several earlier studies. Hopkins et al found that 65.5% of mothers,
61% of daughters and 49% of sisters of 41 adult women with rUTI had similar recurrence
histories.13 In our prior case-control study of rUTI in 482 young adult women 18 to 30
years old we noted a 2.3-fold increased risk with a history of UTI in subjects’ mothers.7 A
family study of children prone to pyelonephritis revealed that 15% of 130 relatives of case
children but only 3% of 101 relatives of controls had a UTI history (p <0.002).19 Our
previous population based case-control study of risk factors for pyelonephritis in 788 adult
women revealed increased risks for women with affected mothers, sisters or daughters.8

These familial variables likely reflect complex, multifocal genetic impacts on host defenses
that may differ for rUTI vs pyelonephritis.13,20,21 Murine models of UTI indicate that
increased host susceptibility to bladder and kidney infections is a complex, multigenic
process involving several pathways. 20,22,23 These pathways include initial recognition of
Escherichia coli by innate immune receptors on hematopoietic and uroepithelial cells,
recruitment of neutrophils to the bladder, and later effects of T cells and B cells. In human
populations previous studies of genetics and infectious disease susceptibility suggest a role
for genetic factors but few diseases with complex inheritance patterns have been examined
in detail. In considering UTI pathogenesis several studies have suggested the ABH blood
group nonsecretor status may increase the risk of rUTI in some women22,24-27 but this
association has been inconsistent.

In a family study of children prone to pyelonephritis expression of CXCR1 (interleukin-8
receptor) was significantly lower in case patients and their family members compared to age
matched controls.19 Two polymorphisms in the CXCR1 gene that may predispose to
pyelonephritis by disarming neutrophil dependent host response to UTI were identified.28
Toll-like receptors also appear relevant to UTI risk in mouse and human studies. TLR2 and
TLR4 polymorphisms have been associated with susceptibility to UTIs in children,29,30 and
we found associations of TLR1, TLR4 and TLR5 with UTI susceptibility in adults.18
Ongoing work in these areas of inquiry is likely to yield more specific and/or stronger
genetic associations with host immune response to common UTI pathogens.

Our study had several limitations. As our participants were asked to remember some
information around a reference date that was sometimes years past, there is the potential for
recall bias. However, the distribution of reference dates was similar for cases and controls,
and we used a life events calendar to assist with recall.16,17 Our family history information,
the focus of these analyses, did not rely on the reference date. Our data on family history of
UTI relied on participant self-report and case women may have better recall of relatives’
histories than controls. However, the proportion of missing data was less for controls than
cases. In addition, in the subgroup who reported ascertaining UTI history in their female
relatives all risk estimates except 1 remained strongly and significantly associated. We also
had more difficulty enrolling eligible control participants (response rates of 59% to 69% for
cases vs 47% for controls). We still enrolled similar age groups, thus allowing similar
opportunity for the exposures to occur. In addition, prior UTI history was the major reason
for control ineligibility and many of those included in the response rate denominator as
refusal/unable to locate were likely negligible. If we apply the proportion of control women
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ineligible due to prior UTI from our completed and ineligible groups (41%) to our refusal/
unable to locate groups our control response rate is 60%.

The current study also has a number of strengths. The study group size and the data
collection focus allowed us to evaluate risks associated with family UTI history in greater
detail than reports to date, including intensity of UTI history and familial factors in
conjunction with behavioral variables. The use of a shared control group allowed us to
efficiently evaluate risks for 2 related conditions. The inclusion of a comparison group
drawn from the same defined population also reduced the potential biases of hospital or
clinic based controls.

CONCLUSIONS

Studies of host related risk factors for cystitis and related outcomes have focused largely on
behavioral and acquired factors. Our results suggest that a range of family UTI history
exposures also increases predisposition to rUTI and pyelonephritis in women, that the risk
increases with the intensity of these exposures, and that the risk from common behavioral
exposures may be increased if women have a family UTI history. These findings, in
conjunction with efforts to identify causal genetic variants, can further illuminate steps in
pathogenesis as well as inform counseling, prevention and management strategies for these
common conditions.
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