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PURPOSE: To estimate the annual incidence, cumulative probability of presumed urinary tract infec-
tion (UTI) by age, and the social costs.
METHODS: Analysis of a random digit dialing survey of 2000 women in the United States.
RESULTS: 10.8 percent (95% CI: 9.4, 12.1%) of women aged 18 and older reported at least one
presumed UTI during the past 12 months, with the majority of the cases occurring among women with
a history of two or more UTI episodes in their life. We estimate that by age 24, one-third of women
will have at least one physician-diagnosed UTI that was treated with prescription medication. Overall,
an estimated 11.3 million women in the United States had at least one presumed UTI treated with
antibiotics in 1995. We estimate the annual cost of UTI cases with prescriptions to be $1.6 billion in
1995. If the costs occurring after 1995 are discounted at 5% annually, the total cost over 20 years has
a present value of $25.5 billion.
CONCLUSION: If a vaccine were developed that would prevent either initial or recurrent UTI the
net benefits to society would be substantial, even at a developmental cost of one billion dollars.
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these results along with socio-demographic information toINTRODUCTION
estimate the total direct and indirect costs of UTI.

Urinary tract infection (UTI) is one of the most common
problems seen by primary care physicians; there are approxi-
mately 7.3 million office visits by women for urinary tract

METHODSinfections or cystitis annually (1). Half of the women partici-
pating in the Rand Health Insurance Experiment and 15% Random Digit Dialing Survey
of the men reported at least one UTI by age 35 (2). The As described previously, we obtained a random digit dialing
incidence of symptomatic infection among the general pop- sample of 29,754 United States non-business listed and
ulation is unknown, although in a prospective cohort study unlisted phone numbers from Survey Sampling, Inc. of West-
of healthy, sexually active women aged 18 to 40 with a

port, CT (4). The woman aged 18 or older with the most
history of no more than one UTI in the past 12 months,

recent birthday was interviewed in all households reached
the incidence was 0.7 per person-year among university

where there was an eligible woman. The cooperation ratewomen and 0.5 per person-year among women at a health
(the ratio of the number of completed interviews to themaintenance organization (3).
total number of completed, partially completed interviewsWe estimated the annual incidence of UTI and the cumu-
and refusals, excluding known ineligibles) was 54.0%. Thelative probability of at least one physician-diagnosed UTI
survey ascertained each woman’s lifetime number of UTIs,by age from a random digit dialing survey of 2000 women
date of her first and last UTI, and her age, education, em-representative of the United States population. We used
ployment status, marital status, and if she had any children.

UTI Definition

A woman was considered to have had a UTI if she answered
yes to the question “Has a healthcare professional such as

From the Department of Epidemiology (B.F., R.B.), University of Michi- a physician or nurse practitioner ever told you that you hadgan School of Public Health, Ann Arbor, MI; Center for Statistical Consul-
a urinary tract infection? For example, a bladder infection,tation and Research (H.d’A., B.G.), University of Michigan, Ann Arbor,

MI; and Division of Infectious Diseases (J.D.S.), Wayne State University, cystitis, kidney infection or pyelonephritis?” and she stated
Detroit, MI. that her last UTI was treated with a prescription medication.Address correspondence to: Dr. Foxman, Department of Epidemiology,
109 Observatory Street, Ann Arbor, MI 48109-2029. To highlight that errors in patient report and physician
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diagnosis may lead to an over-estimate of UTI incidence did not ask the number of UTI during the past 12 months,
we have included at most one UTI per woman in our esti-we use the terminology “self-reported presumed UTI.”
mates of annual incidence and costs. Therefore our estimates
of presumed UTI are conservative, possibly by as much asCost Estimates
50% (11). When the date of last UTI or use of medicationWe estimated the total social cost of UTI by estimating
was unknown (n 5 189) we conservatively assumed thatdirect medical and non-medical expenses, and indirect costs
the woman did not have a UTI during the past 12 months.based on information provided partly by our random digit
To estimate the annual number of UTI nationally, wedialing survey and partly from other sources. The assump-
multiplied the age-specific incidence rate estimates by the

tions employed in the calculations are shown in Table 1. 1995 age distribution of women in the United States (12).
The direct costs of a disease are those incurred in treating We calculated the cumulative probability of first UTI by

it, such as drug expenses and payments to health care facili- age using Kaplan-Meier estimates, and Hall-Wellner 95% con-
ties. In addition we included expenses for travel to and from fidence bands around the estimates (13). Women reporting
the facility, expenses for child care during the visit to the no lifetime UTI were considered to be censored at their current
facility, and the value of the time spent by the patient in age. Information on year of first UTI was available in 788 of
making the visit. 959 cases. All analyses were done using SAS (14); exact

We defined the indirect costs of UTI as the loss of output confidence intervals were calculated with EpiInfo (15).
due to disability, over and above the loss due to the time
spent visiting a physician. Estimation of the disability losses
requires information about the duration of the different RESULTS
degrees of disability associated with each episode (the dura- Incidence
tions being shorter with effective medication), and about

Overall, 10.8% (95% CI: 9.4, 12.2%) of women aged 18the output lost per day of full disability. In our estimation
and older reported at least one presumed UTI during theof lost output, we have included not only output in paid
past 12 months (Figure 1), with the majority of the casesemployment but also output from unpaid activities like
in each age group occurring among women with a cumula-housekeeping. We make the conventional assumption that
tive total of two or more UTI episodes in their life. Thefor an employed person, the output lost per day of full
burden of disease is primarily on younger women: 17.5%disability is approximated in market conditions by that per-
(95% CI: 12.0, 22.9%) of women aged 18 to 24 reported ason’s daily wage. Our telephone survey obtained information
presumed UTI in the past 12 months. However, the fre-about employment but not wages. However, we estimated
quency remains substantial, with the lowest incidence—each respondent’s wage based on a regression model devel-
6.5% (95% CI: 2.4, 10.6%)—occurring among women agedoped using data from the Panel Study of Income Dynamics
55 to 59. These incidences translate to 11.3 million women(9). This model predicted wage as a function of four variables
with a presumed UTI in the United States in 1995. Thisincluded in our telephone survey: age, education, marital
estimate includes only women who had at least one physi-status, and number of children.
cian-diagnosed UTI, and reported that their presumed UTIAs defined here, the total social cost measures the eco-
that occurred during the past 12 months was treated withnomic burden on society. We did not measure where the
a prescription medication. After adjustment for age, thefinancial burden lies, in the sense of how the total cost is
incidence of presumed UTI did not vary by education, em-distributed between patients, insurance companies, employ-
ployment status, or race. When examined by marital status,

ers, and others. The cost estimates cover only those UTI divorced women had the highest incidence of presumed
cases where a prescription was issued. Omitted are expenses UTI in the past 12 months (21.2%) and widowed women
also incurred in these cases for nonprescription drugs, plus the lowest (6.3%) (p , 0.001). After adjustment for age,
all direct and indirect costs of cases where no prescription divorced women still had a significantly higher incidence
was issued, plus psychic costs of pain and anxiety. Also of presumed UTI.
omitted are costs of adverse reactions to antibiotic therapy,
or of misdiagnosis, for example, treating a chlamydial infec- Cumulative Probability of UTI by Age
tion as if it were a UTI. UTI is extremely common: by age 26, one-third of the

women in our sample had had a least one physician-diag-
Data Analysis nosed presumed UTI (Figure 2). Lifetime risk of UTI in our

sample was 60.4% (95% Confidence Band: 55.1, 65.8).Twelve-month incidences were calculated using March
1995 through February 1996 as the incidence period. We

Costsused the most recent 12 months to avoid problems of recall
bias. A case was considered incident if either the first or The annual social cost in 1995 of presumed UTI cases with

prescriptions was $1.6 billion (Table 2). This includes $474most recent UTI was in the incidence period. As the survey
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TABLE 1. Assumptions made for estimation of cost of urinary tract infection, 1995

Assumed
Parameter definition value Reference

Health data
CAS Annual number of UTI cases with prescription 11.3 a

(millions)
Sick days per UTI case if prescription ineffective

SBI Bed days 0.6 b

SRI Other days of restricted activity 1.2 b

SSI Other days with symptoms 2.7 b

Sick days per UTI case if prescription effective
SBE Bed days 0.4 5
SRE Other days of restricted activity 0.8 5
SSE Other days with symptoms 1.8 5

Degree of disability during sickness (proportion):
DB Bed days 1 c

DR Other days of restricted activity 0.5 c

DR Other days with symptoms 0.25 c

PD Proportion of UTI cases with prescription who visited 0.68 a,d

doctor
PCD Proportion of UTI-case prescription consumed if 1 c

visited doctor
PCN Proportion of UTI-case prescription consumed if did 0.75 c

not visit doctor
PNR Proportion of consumed UTI-case prescriptions not 0.82 6

encountering drug resistance
PE Proportion of UTI cases with prescription where 0.75 PNR[PD*PCD1(1-PD)*PCN]

prescription was effective
Cost data

$DV Clinic charges per doctor visit $50.00 7
$TC Travel and child-care expenses per doctor visit $10.00 c

HDV Patient time spent per doctor visit 2 hours c

$P Cost per prescription $7.86 e

HP Paid work hours per day 3.12 a

HU Unpaid work hours per day 3.00 8
$PW Output per hour of paid work $12.13 9
$UW Output per hour of unpaid work $7.00 c

$L Output lost per day of full disability $58.82 HP*$PW1HU*$UW
a Random digit dialing survey.
b Assumed to be 50% higher than when prescription effective.
c Assumption based on authors’ judgment.
d Cases not visiting a doctor get their prescriptions by telephone or use antibiotics previously obtained. These cases are assumed to be those with eight

or more lifetime UTI episodes. This assumption implies 7.4 million doctor visits for UTI cases, a figure consistent with the findings of the 1995 National
Ambulatory Medical Care Survey (1).

e Mean cost for the two most common drugs: bactrim/septra/trimethoprim-sulfa and macrodantin/nitrofurantoin (10).

million in medical expenses, $185 million in non-medical was $7.86. The estimated total annual cost is not very sensi-
tive to drug price: at $4 per prescription the total cost isexpenses and $936 million in indirect costs. Of the total

annual social cost, 59% were indirect costs. About one- $1.551 billion; at $20 it is $1.732 billion.
Another source of uncertainty in our cost estimates isthird of the indirect costs consisted of losses of output in

unpaid work such as housekeeping. (The losses of unpaid sampling error. A key parameter is the percentage of women
with a presumed UTI in 1995. As noted above, the 95%output per day of full disability are calculated from Table

1 as HU*$UW.) confidence interval for this parameter extends from 9.4%
to 12.2%. If the lower end of this range is preferred, theSeveral of the assumptions of the cost analysis might be

questioned, therefore some sensitivity analysis is in order. total cost of the disease in 1995 is $1.388 billion; using the
upper end, the cost is $1.801 billion. Again, the order ofThe information used for the cost estimates is presented in

Tables 1 and 2 in such a way that the consequences of magnitude of the cost estimate is not much affected.
The results are somewhat more sensitive to changes inalternative assumptions can be readily calculated. We as-

sumed, for example, that the average cost of a prescription assumptions regarding indirect costs. If the estimates of the
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FIGURE 1. Self-reported incidence of physician-diagnosed urinary tract infection during the previous 12 months by age and history of
urinary tract infection among 2000 United States women participating in a random digit dialing survey. The average standard error for
the total incidences in each of the age groups is 2.3%.

degrees of disability associated with the three outcomes of $2.8 billion in 2014. The total cost over the 20 years is
$42.98 billion, if we give equal weight to a dollar spent inthe disease (bed days, other days of restricted activity, and

other days with symptoms) are all halved, the total annual 1995 and a dollar spent in 1996 or later (no discounting of
future costs). If the costs occurring after 1995 are discountedcost is reduced from $1.6 billion to $1.1 billion, still a rather

large sum. at 5% annually, the total 20-year cost has a present value
of $25.5 billion; at a 10% discount rate, the total is $16.7The methods used for estimating costs in 1995 can also

generate estimates for years beyond. In making such projec- billion.
tions, we assumed that the number of cases (CAS) would
grow at 0.8% annually, in line with the expected growth
rate of the U.S. population as a whole; that wages ($PW

DISCUSSIONand $UW), travel and child-care expenses ($TC) and clinic
UTI occur with high frequency in all age groups but primar-charges ($DV) would all grow at 2% annually; and that
ily among the young: 17.5% of 18- to 24-year-olds reportedprescription charges would grow at 5% annually, as antibi-
at least one presumed UTI in the previous 12 months. Byotic resistance creates demands for new and more expensive
age 26 one-third had had at least one UTI. While thedrugs. The assumed growth rates of the monetary parameters
incidence we found in the general population (10.8%) iswere expressed in real terms (i.e., after adjustment for gen-

eral inflation). For purposes of our projection, the other much smaller than the 0.5 per person-year among sexually
active women aged 18 to 40 using a Seattle health mainte-parameters shown in Table 1 were assumed to stay at their

1995 values. nance organization who had recently changed contraceptive
method (3), this probably is due to the more select natureOn these assumptions, the annual social cost of UTI

cases with prescriptions rises from $1.6 billion in 1995 to of the population studied in Seattle. Seattle women who
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FIGURE 2. Cumulative probability of self-reported physician-diagnosed urinary tract infection by age among 2000 United States women
participating in a random digit dialing survey. 95% Hall-Wellner confidence bands are given by dashed lines.

had not had intercourse in the past 7 days had a UTI uria increased with age but the prevalence of urinary
symptoms did not (16). Among women in a rural generalincidence of 0.1 per person year, and Seattle women without

a previous UTI had an incidence of 0.3 per person year, practice in England, women over 55 had lower rates of
frequency and dysuria (18) and post-menopausal womennumbers more comparable to the 14.1% incidence we ob-

served among 18- to 40-year-olds. The incidence found in were less likely than pre-menopausal women to report seven
or more episodes of urinary symptoms in the past twothis study is also lower than we observed in unpublished

data from a random sample of 661 women attending college years (19).
Our UTI incidence and cumulative probability estimateswho completed a mailed survey. In that study 3% of women

age 17 to 62 reported a UTI during the past month and 2% are based on self-report. Some women who reported a pre-
sumed UTI may not really have had one during the pastreported taking medication to treat a UTI during the past

two weeks. Assuming constant rates throughout the year, 12 months, because their recall of the diagnosis or timing of
diagnosis was incorrect, or their UTI was not appropriatelythe annual incidence of diagnosed UTI would be 36% (3%/

month 3 12 months) with 48% annually (4%/month 3 diagnosed, or both. Moreover, if women with UTI were
more likely to participate in the study, we will have over-12 months) taking UTI medication; these estimates are

consistent with those found in the Seattle study. estimated UTI incidence. However, our estimates of self-
reported lifetime risk (60.4%) are similar to those of otherIn contrast with studies of the prevalence of bacteriuria

(16, 17), we did not find that self-reported history of pre- samples representative of the United States (2). Further,
recruitment material did not mention UTI but “an impor-sumed UTI increased with age. Because the prevalence of

symptomatic UTI by age is not well documented, particu- tant public health problem among women” and more partic-
ularly “vaginal yeast infections.”larly among older women, further studies are needed to

evaluate the veracity of our finding. One large cross-sec- UTI risk varies by the presence of diabetes, and other
co-morbidities (20). As we did not explicitly measure thesetional survey measured both bacteriuria and urinary symp-

toms among women aged 16 to 69; the prevalence of bacteri- factors in our survey, if persons with these underlying risk
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TABLE 2. Annual cost of urinary tract infection, 1995

Cost
Cost ($ m.) Referencea

Direct costs
Medical expense:

Clinic charges 385 CAS*PD*$DV
Prescriptions 89 CAS*$P

Non-medical expenses:
Travel and child-care for visits 77 CAS*PD*$TC
Output lost due to time spent for visits 108 CAS*PD*HDV*$UW

Total direct costs 659
Indirect costs

Output lost due to disability
During bed days 300 CAS*DB*$L[PE*SBE 1 (1 2 PE)*SBI]
During other days of restricted activity 300 CAS*DR*$L[PE*SRE 1 (1 2 PE)*SRI]
During other days with symptoms 336 CAS*DS*$L[PE*SSE 1 (1 2 PE)*SSI]

Total indirect costs 936
Total costs 1,594
a Notation defined in Table 1.

factors are over- or under-represented our incidence esti- practiced by relatively few women (20). If a vaccine were
developed that would prevent either initial or recurrentmates will be biased.

We estimated that 11.3 million United States women UTI the net benefits to society would be substantial, even
at a developmental cost of one billion dollars.had a presumed UTI in 1995 for which they took a prescrip-

In conclusion, UTI affects 10.8% of all United Statestion medication. Our estimate is substantially higher than
women annually, and imposes a substantial burden uponthe 7.3 million visits by women for UTI or cystitis estimated
society. Investing in research focusing on UTI preventionby the National Ambulatory Medical Care Survey (1). The
would be a worthwhile societal investment, ultimately lead-discrepancy may reflect self-diagnosis and treatment follow-
ing to a reduction in UTI costs and disease impact.ing phone consultation with a physician, or using antibiotics

previously obtained for that purpose. Prescription of antici-
The work was supported, in part, by an unrestricted educational grant frompatory or prophylactic antibiotics for women with recurring
Pfizer Corporation. The telephone survey was conducted by Yankelo-UTI is a standard medical practice (20).
vich Partners.
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