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Abstract 
Background: This study estimated the prevalence, recurrence, and predisposing factors of self-reported urinary tract  
infections (UTIs) and genital infections among adults with and without type 2 diabetes mellitus (T2DM).  
Methods: In the US Study to Help Improve Early evaluation and management of risk factors Leading to Diabetes (SHIELD) 
2008 survey, respondents reported how many times in the past 12 months they had a UTI or genital infection.  T2DM 
respondents were compared with respondents who did not have diabetes (No DM). T2DM respondents who reported 3 or 
more infections were classified as having recurrent infections and were compared with T2DM respondents who reported 
1-2 infections (non-recurrent infections) and those without infections.  
Results: The prevalence rate of UTI was 184.4/1000 for T2DM and 127.8/1000 for No DM among women (p <0.001), and 
50.9/1000 for T2DM and 33.9/1000 for No DM among men (p = 0.02). Odds of experiencing a UTI were 1.5 times higher 
among T2DM respondents than No DM respondents. For T2DM respondents with UTI, 23% reported recurrent UTIs, 
largely among women. Predictors of recurrent UTIs compared with no UTIs in women were overactive bladder, kidney 
problems, atherosclerosis, and COPD. Among men, the prevalence rate of balanitis was 41.8/1000 for T2DM and 19.2/1000 
for No DM (p <0.01). Prevalence rate of vaginitis was 172.6/1000 for T2DM and 125.0/1000 for No DM (p <0.01). Odds of 
vaginitis were 1.9 and balanitis were 2.3 times higher among T2DM than no DM respondents.  Among T2DM women with 
vaginitis, 30% reported recurrent vaginitis. Lower education, receiving oral anti-diabetic drugs plus insulin, and  
atherosclerosis predicted recurrent vaginitis compared with non-recurrent vaginitis.
Conclusions: UTIs and genital infections were more prevalent with T2DM than among respondents without diabetes.  
Recurrent infections occur in approximately 23%-30% of adults. Select characteristics may assist in identifying those likely 
to have self-reported recurrent infections.
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Background
Urinary tract infection (UTI) is the most common bacterial 
infection encountered in clinical practice [1]. UTIs accounted 
for almost 7 million office visits and 1 million emergency 
department visits according to the 1997 National Ambulatory 
Medical Care Survey and National Hospital Ambulatory 
Medical Care Survey [2]. Approximately half of all women 
have at least one symptomatic UTI during their lifetime 
[3,4]. Approximately 20% of all UTIs occur in men [5]. 
Relapse or reinfections are also a major concern. Many 
women experience relapses or reinfections of the lower 
urinary tract even after treatment with broad-spectrum 
antibiotics [6,7].

Vaginitis is the most common gynecological condition 
encountered in clinical practice [8]. Among women with 
vaginitis, 40%-50% have at least one recurrence [8]. When 
recurrence is defined as 4 or more microbiologically 
documented episodes in a year, approximately 5%-7% 

of women will have recurrent Candida vaginitis [9].
Diabetes has been associated with an increased risk 

of UTI and genital infection [2]. Furthermore, patients 
with diabetes often have increased complications of UTI, 
including rare complications such as emphysematous 
cystitis, pyelonephritis, and fungal urinary tract infections 
(particularly Candida species), and infections are often more 
severe and associated with unusual manifestations [10]. 
Adults with diabetes are more susceptible to developing 
lower UTIs and genital infections due to various predisposing 
factors, such as hyperglycemia-related impairment of 
the immune response and glucosuria [10]. Anatomic 
and functional abnormalities of the urinary tract are 
also associated with diabetes, and these abnormalities 
complicate UTI [10]. A Dutch study showed that despite 
the fact that patients with diabetes more often received 
longer and more potent initial treatment than patients 
without diabetes, women with diabetes more often had 
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recurrences of their UTIs [11]. However, there is limited 
information on the prevalence and recurrence of UTI and 
genital infection among diabetes patients in the United 
States. The present study estimated the prevalence and 
recurrence of self-reported UTI and genital infection 
among US adults with and without type 2 diabetes mellitus 
(T2DM). The present study also evaluated factors that might 
distinguish those with recurrent infections from those with 
non-recurrent or no infections among adults with T2DM.

Methods
A cross-sectional analysis of data collected in 2008 among 
respondents with and without T2DM was conducted using 
data from the Study to Help Improve Early evaluation and 
management of risk factors Leading to Diabetes (SHIELD) 
to ascertain prevalence, recurrence, and predisposing 
factors of UTIs and genital infections. SHIELD is a 5-year, 
survey-based study conducted to better understand 
patterns of health status, health behavior, and knowledge 
and attitudes of people living with diabetes and those 
with varying levels of cardiometabolic risk.

SHIELD survey
SHIELD included an initial screening phase to identify 
cases of interest in the general population (e.g., diabetes 
mellitus), and a baseline questionnaire to follow up 
identified cases and collect data regarding health status, 
health knowledge and attitudes, and current behaviors 
and treatments. Subsequently, annual follow-up surveys 
were administered for 5 years. A detailed description of the 
SHIELD methodology has been published previously [12,13]. 

In brief, the screening survey was mailed in April 2004 
to a stratified random sample of 200,000 US households, 
representative of the US population for geographic 
residence, household size and income, and age of head 
of household [14], identified by the Taylor Nelson Sofres 
National Family Opinion (TNS NFO) panel (Greenwich, 
CT). All TNS NFO surveys were voluntary, and no special 
incentives were provided. A response rate of 64% was 
obtained for the screening survey. The SHIELD study and 
2008 survey were approved by the Quorum Review Board.

A comprehensive baseline survey was mailed in September−
October 2004 to a representative sample of individuals 18 
years of age or older (n = 22,001), who were identified in the 
screening survey as having self-reported type 1 diabetes 
mellitus or T2DM, no diabetes (No DM), or being at risk 
for diabetes. Each respondent group was balanced to be 
representative of that segment of the population for age, 
gender, geographic region, household size, and income 
for the US population, and then a random sample from 
each group was selected and sent the baseline survey. A 
response rate of 72% was obtained for the baseline survey. 
The 2008 annual follow-up survey (response rate of 71%) 
included the specific questions regarding the frequency 
of UTI and genital infection to assist in addressing a gap 

in knowledge regarding the impact of these infections 
among individuals with T2DM. Responses from the 2008 
survey were analyzed and reported in this study.

Study measures
Respondents were classified as having T2DM based upon 
their self-report of having been told by a doctor, nurse, 
or other healthcare professional that they had T2DM.  
Individuals who did not report a diagnosis of T2DM, type 
1 diabetes mellitus, or gestational diabetes were included 
as a comparison group (respondents with type 1 diabetes 
or gestational diabetes were excluded from the analysis).  
Respondents were asked “how many times in the past 12 
months have you had an infection” (UTI separately from 
fungal/yeast infections of the genital area). Respondents 
with T2DM were classified as having recurrent infections 
(UTIs or genital infections) if they reported 3 or more 
infections in the past 12 months. Non-recurrent infections 
were defined as 1or 2 UTIs or genital infections as opposed 
to no infections. This definition of recurrence was selected 
based upon previous studies that used the criterion of 3 
or more infections in a year [6,15-17], although there is no 
consensus or consistent definition for recurrence among 
other studies. Predisposing factors included demographic 
characteristics (age, race, and Hispanic ethnicity), household 
income (reported as <$30,000, $30,000 to $49,999, $50,000 
to $74,999, and >$75,000), education (reported as high 
school degree or less, some college, college degree, or 
graduate studies), comorbid conditions, body mass index 
(BMI), and diabetes medications. Comorbid conditions 
were self-reported based on survey questions of being told 
by a healthcare professional that they had the condition. 
Overweight was defined as a BMI of 25.0−29.9 kg/m2, 

and obese was defined as a BMI >30 kg/m2. Respondents 
reported all prescription medications that were currently 
prescribed for them at the time of the survey and were 
instructed to refer to their medication labels for accurate 
reporting. Diabetes medications were classified as oral anti-
diabetic medications (OADs) or insulin and respondents 
were classified as taking only OADs, only insulin, or a 
combination of OADs and insulin.

Statistical analysis
Respondents with T2DM were compared with respondents 
who did not report diabetes on the occurrence of UTIs 
and genital infections by gender. Comparisons between 
respondents with and without diabetes were conducted 
using chi-square test for categorical variables and t-tests for 
continuous variables. Logistic regression was used to adjust 
prevalence estimates for age and gender. For recurrence 
of infection, T2DM respondents reporting recurrent 
infections (UTIs or genital infections) were compared with 
T2DM respondents who reported non-recurrent infections 
and no infections. Comparisons between respondents 
with and without reported recurrent infections were 
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conducted using chi-square test for categorical variables 
and t-tests for continuous variables. Logistic regression 
was used to determine predisposing factors for recurrent 
infections compared with non-recurrent infections and no 
infections. Odds ratio of having a recurrent infection with 
all baseline characteristics in the model were calculated. 
No adjustment was made for multiple comparisons 
and statistical significance was set a priori as p <0.05 to 
generate hypotheses.

Results
Prevalence of urinary tract infections
There were 2,671 respondents with T2DM and 8,907 
respondents without diabetes who responded to the 
UTI survey questions (Table 1). A significantly greater 
proportion of T2DM respondents were older, white, had 
lower education and income, were overweight or obese, 
and had more comorbid conditions than respondents 
without diabetes (Table 1).

A total of 13.1% of respondents with T2DM and 9.2% of 
respondents without diabetes reported at least 1 UTI in 

Characteristics T2DM
(n = 2,671)

No diabetes
(n = 8,907)

Age, years, mean (SD) 63.1 (11.7)* 56.9 (15.5)
Women, % 60.3 62.3
White, % 73.7* 67.0
Education, high school degree or less, % 34.1* 28.2
Household income <$30,000, % 36.2* 27.9
Overweight or obese, % 89.9* 75.6
Number of comorbid conditions, mean 
(SD)

5.3 (3.1)* 3.3 (2.7)

Atherosclerosis, % 9.1* 4.7
Cholesterol problem, % 74.5* 46.5
Heart disease, % 24.0* 12.9
Hypertension, % 72.4* 45.4

Table 1. Characteristics of adult respondents with and without 
diabetes, n = 11,578.

*p <0.05; SD = standard deviation; T2DM = type 2 diabetes 
mellitus.

the past 12 months (p <0.0001; Figure 1). Among women, 
18.4% of those with T2DM, compared with 12.8% of those 
without diabetes, reported at least 1 UTI (p <0.001). The 
prevalence rate of UTI for women was 184.4 per 1,000 
people for those with T2DM, and 127.8 per 1,000 people 
for those without diabetes.  Among men, 5.1% of those 
with T2DM, compared with 3.4% of those without diabetes, 
reported at least 1 UTI (p = 0.01). The prevalence rate of UTI 
for men was 50.9 per 1,000 people for those with T2DM 
and 33.9 per 1,000 people for those without diabetes.  A 
higher proportion of women with T2DM than men with 
T2DM reported at least 1 UTI (p <0.01).

The odds of having at least 1 UTI were 1.5 times higher 
among T2DM respondents than No DM respondents, after 
adjusting for age and gender (Table 2). Women were 4.2 
times more likely than men to have at least 1 UTI, after 
adjusting for diabetes status and age.  Respondents 
who were 80 years of age or older were more likely than 
younger (<50 years of age) respondents to have a UTI, 
after adjusting for diabetes status and gender.  Other age 
groups were not associated with increased odds of having 
a UTI compared with those <50 years of age.

Recurrent urinary tract infections in T2DM
Among the 2,671 respondents with T2DM who completed 
the UTI survey questions, 351 respondents reported 
having UTIs, and 2,320 reported no UTIs. Among the 
T2DM respondents reporting UTIs, 23.1% reported having 
recurrent UTIs (3 or more in the past 12 months), and 76.9% 
reported having non-recurrent UTIs (1 or 2 in the past 
12 months). Approximately 64% of T2DM respondents 
reporting recurrent UTIs had 3-4 infections and 36% had 
5 or more in the past 12 months. The majority (73.7%) of 
T2DM respondents reporting non-recurrent UTIs had only 1 
infection in the past 12 months.  Of the T2DM respondents 
with recurrent UTIs, 8 were men and 73 were women.

Predisposing factors for recurrent urinary tract 
infections in T2DM
T2DM respondents reporting recurrent UTIs were similar to 
T2DM respondents reporting non-recurrent UTIs, except 
for arthritis, where a larger proportion of the recurrent 
UTIs group (69%) had arthritis than the non-recurrent 
UTI group (54%, p <0.05). T2DM respondents reporting 
recurrent UTIs did not differ from those reporting non-
recurrent UTIs on age, gender, race, education, income, 
BMI, duration of diabetes, insulin use, or other comorbid 
conditions. Compared with T2DM respondents reporting 
no UTIs, a significantly greater proportion of T2DM 
respondents reporting recurrent UTIs were women (90% 
vs. 57%), had lower education (46% vs. 33% with high 
school degree or less), lower income (57% vs. 34% with 
<$30,000), higher BMI (37.0 [SD 9.8] vs. 33.8 [8.0]), longer 
diabetes duration (13.9 [10.5] years vs. 11.3 [8.5]), more 
prevalent use of insulin (29% vs. 20%), and more comorbid 

Figure 1. Respondents reporting at least 1 urinary tract 
infection by diabetes status and gender, n = 1,174. *p <0.01 
for comparison between T2DM and No DM; T2DM = type 
2 diabetes mellitus; No DM = no diabetes mellitus.
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conditions (17% vs. 9% narrow/blocked arteries, 69% vs. 
48% arthritis, 26% vs. 8% kidney problems, 36% vs. 10% 
overactive bladder/incontinence) (p <0.05 for each). 

Using logistic regression to control for the differences 
between groups, predisposing factors for recurrent UTIs 
were elucidated for women. There were too few men (n = 
8) with recurrent UTIs for the regression analysis. Among 
T2DM women, the odds of having recurrent UTIs compared 
with no UTIs were significantly higher if respondents had 
overactive bladder/ incontinence (OR: 3.6; 95% CI: 1.9-
6.6), kidney problems (OR: 2.6; 95% CI: 1.2-5.4), narrow or 
blocked arteries (OR: 2.8; 1.0-7.3) (Table 3). T2DM women 
who reported having chronic obstructive pulmonary 
disease (COPD) had significantly lower odds of having 
recurrent UTIs compared with no UTIs (p = 0.035).  Age, race, 
BMI, duration of diabetes, household income, education, 
health insurance, insulin treatment, and other comorbid 
conditions did not significantly predict the likelihood 
of recurrent UTIs among the T2DM women.  Compared 
with T2DM women who reported non-recurrent UTIs, the 

Urinary tract infection
N = 11,578

Vaginitis N= 6,758 Balanitis N = 3,652

Characteristics Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
T2DM  
(No DM as reference group)

1.54 (1.34−1.76) <0.0001 1.90 (1.62−2.24) <0.0001 2.27 (1.46-3.53) <0.0001

Age group 50-59 years (age 
group <50 years as reference 
group)

0.95 (0.80−1.23)  0.54 0.57 (0.48−0.68) <0.0001 1.00 (0.55-1.82) 0.99

60-69 years 0.90 (0.75−1.08)  0.27 0.31 (0.25−0.38) <0.0001 1.00 (0.55 – 1.81) 0.99
70-79 years 1.08 (0.90−1.32)  0.40 0.24 (0.18−0.32) <0.0001 0.69 (0.33-1.41) 0.31
≥80 years 1.52 (1.21−1.90) <0.0001 0.16 (0.10−0.26) <0.0001 0.98 (0.43-2.24) 0.96
Women  
(men as reference group)

4.24 (3.58-5.02) <0.0001 NA - NA -

Table 2. Odds ratio (and 95% confidence intervals) of having a urinary tract infection or genital infection in the past 12 months, 
adjusting for age and gender.

T2DM = type 2 diabetes mellitus; No DM = no diabetes mellitus; NA = not applicable.

Figure 2. Men and women reporting at least 1 genital 
infection by diabetes status, n = 1,008. *p <0.001 for 
comparison between T2DM and No DM; T2DM = type 2 
diabetes mellitus; No DM = no diabetes mellitus.

odds of having recurrent UTIs were significantly lower if 
respondents reported COPD or cardiac revascularization 
(e.g., angioplasty or bypass surgery) (p <0.02) (Table 3). 
Age, race, BMI, duration of diabetes, household income, 
education, health insurance, insulin treatment, and most 
comorbid conditions did not significantly predict the 
likelihood of recurrent UTIs compared with non-recurrent 
UTIs among the T2DM women.

Prevalence of genital infections
There were 2,421 respondents with T2DM (886 men, 
1,535 women) and 7,989 respondents without diabetes 
(2,766 men, 5,223 women) who responded to the genital 
infection survey questions. The characteristics of these 
respondents were similar to those reported in Table 1.

For men, 4.2% (n = 37) of respondents with T2DM and 
1.9% (n = 53) of respondents without diabetes reported 
at least 1 genital infection (i.e., balanitis) in the past 12 
months (Figure 2). Among men, the prevalence rate of 
balanitis was 41.8 per 1,000 people for those with T2DM, 
and 19.2 per 1,000 people for those without diabetes (p = 
0.0003). For women, 17.3% (n = 265) of respondents with 
T2DM and 12.5% (n = 653) of respondents without diabetes 
reported at least 1 genital infection (i.e., vaginitis) in the 
past 12 months (Figure 2). The prevalence rate of vaginitis 
was 172.6 per 1,000 people for those with T2DM, and 125.0 
per 1,000 people for those without diabetes (p <0.0001).

The odds of having at least 1 vaginitis infection were 
1.90 times (95% CI = 1.62−2.24) higher among T2DM than 
No DM women, after adjusting for age (Table 2). The odds 
of having at least 1 balanitis infection was 2.27 times 
(1.46-3.53) higher among T2DM than No DM men, after 
adjusting for age. The odds of having a vaginitis infection 
steadily declined with older age after adjusting for diabetes 
status: OR = 0.57 (95% CI: 0.48−0.68) for age group 50-59 
years and OR = 0.24 (95% CI: 0.18−0.32) for age group  
70-79 years compared with age group <50 years (p <0.0001 
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Recurrent UTIs vs. No UTIs  
N = 1,250

Recurrent UTIs vs.  
Non-recurrent UTIs N= 271

Recurrent Vaginitis vs.  
No Vaginitis N = 1,223

Recurrent Vaginitis vs.  
Non-recurrent Vaginitis N= 244

Characteristics Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Age, years (continuous) 0.99 (0.97−1.02) 0.69 1.02 (0.98−1.05) 0.33 0.93 (0.90−0.95) <0.0001 0.99 (0.96−1.02) 0.67
White (reference: other 
races than black)

0.60 (0.28−1.29) 0.19 0.76 (0.30−1.90) 0.56 1.21 (0.64−2.31) 0.56 1.49 (0.67−3.32) 0.33

Black (reference: other 
minority races)

0.57 (0.15−2.21) 0.42 0.11 (0.01−1.15) 0.06 0.61 (0.16−2.23) 0.45 0.78 (0.14-4.32) 0.77

Hispanic (reference: no) 0.88 (0.25−3.13) 0.85 0.78 (0.19−3.25) 0.73 0.41 (0.09−1.85) 0.24 0.74 (0.13-4.19) 0.73
Body mass index, kg/m2 
(continuous)

1.01 (0.98−1.05) 0.45 1.01 (0.98−1.05) 0.47 0.99 (0.96−1.02) 0.45 1.04 (1.00−1.08) 0.07

Duration of diabetes, 
years (continuous)

1.02 (0.98−1.05) 0.37 0.99 (0.96−1.03) 0.66 1.00 (0.97−1.04) 0.91 0.97 (0.93−1.02) 0.25

Household income, 
(reference: >$75,000)

- - - - - - - -

<$30,000 1.57 (0.63−3.91) 0.33 1.18 (0.41−3.42) 0.76 1.61 (0.64-4.03) 0.31 0.82 (0.28−2.43) 0.72
 $30,000-$49,999 1.05 (0.39−2.81) 0.93 0.92 (0.29−2.98) 0.89 1.22 (0.47−3.14) 0.68 1.01 (0.31−3.29) 0.99
 $50,000-$74,999 1.10 (0.38−3.13) 0.86 1.32 (0.36-4.83) 0.67 1.07 (0.38−3.03) 0.90 1.06 (0.30−3.69) 0.93
Education (reference: 
some college or higher)

- - - - - - - -

High school degree 
or less

1.36 (0.78−2.40) 0.28 1.07 (0.54−2.12) 0.85 1.45 (0.84−2.48) 0.18 1.98 (1.02−3.84) 0.043

Health insurance (refer-
ence: no insurance)

0.98 (0.38−2.58) 0.98 0.76 (0.24−2.44) 0.65 0.50 (0.25−1.00) 0.051 0.51 (0.21−1.24) 0.14

Diabetes treatment (ref-
erence: no treatment)

- - - - - - - -

OADs alone 1.14 (0.45−2.85) 0.79 1.65 (0.56-4.86) 0.36 2.29 (0.84-6.25) 0.10 2.95 (0.92-9.47) 0.07
Insulin alone 1.70 (0.51-5.65) 0.39 2.00 (0.50-8.04) 0.33 2.22 (0.62-7.89) 0.22 2.04 (0.44-9.48) 0.36
OAD + insulin 1.68 (0.56-5.03) 0.35 3.80 (0.98−14.83) 0.054 6.07 (2.04−18.06) 0.001 4.31 (1.19−15.57) 0.026
Comorbid conditions 
(reference for each: 
absence of condition)

- - - - - - - -

Overactive bladder/ 
incontinence

3.60 (1.95-6.64) <0.0001 2.07 (0.99-4.34) 0.053 3.29 (1.69-6.41) <0.0001 1.22 (0.52−2.86) 0.66

Kidney problems 2.56 (1.23-5.35) 0.012 1.51 (0.62−3.69) 0.36 2.00 (0.91-4.40) 0.08 1.00 (0.37−2.73) 1.00
Chronic kidney disease/ 
end-stage renal disease

0.91 (0.23−3.58) 0.89 0.70 (0.15−3.29) 0.65 1.36 (0.45-4.13) 0.58 3.11 (0.70−13.78) 0.14

Narrow or blocked 
arteries

2.76 (1.04-7.27) 0.041 2.67 (0.78-9.10) 0.12 4.46 (1.70−11.71) 0.002 3.83 (1.05−13.95) 0.042

Hypertension 1.33 (0.65−2.76) 0.44 1.32 (0.56−3.09) 0.53 0.97 (0.52−1.84) 0.94 0.83 (0.38−1.84) 0.65
Heart disease 0.78 (0.35−1.75) 0.55 1.16 (0.44−3.03) 0.76 0.44 (0.18−1.08) 0.07 0.67 (0.20−2.23) 0.52
Cholesterol problems 1.16 (0.60−2.24) 0.66 1.78 (0.81−3.94) 0.15 1.08 (0.58−2.03) 0.80 1.03 (0.48−2.20) 0.94
Stroke or transient 
ischemic attack

0.47 (0.13−1.76) 0.26 0.33 (0.07−1.58) 0.17 0.99 (0.38−2.56) 0.99 6.38 (0.99-41.06) 0.051

Angioplasty, stent, or 
bypass surgery

0.40 (0.09−1.71) 0.22 0.14 (0.03−0.77) 0.023 0.41 (0.11−1.56) 0.19 1.17 (0.19-7.11) 0.86

Heart attack 0.48 (0.09−2.66) 0.40 0.24 (0.04−1.46) 0.12 3.10 (0.92−10.46) 0.07 1.05 (0.21-5.13) 0.96
Circulation problems 1.49 (0.78−2.85) 0.23 0.94 (0.43−2.06) 0.88 2.23 (1.21-4.09) 0.010 1.40 (0.64−3.04) 0.40
Chronic obstructive 
pulmonary disease

0.11 (0.02−0.86) 0.035 0.04 (0.003−0.38) 0.006 0.77 (0.30−1.96) 0.59 1.29 (0.40-4.12) 0.67

Arthritis 1.17 (0.62−2.18) 0.63 1.23 (0.60−2.55) 0.57 1.01 (0.57−1.80) 0.96 0.84 (0.43−1.63) 0.60
Cancer, except skin 1.24 (0.60−2.58) 0.56 0.80 (0.34−1.87) 0.61 1.48 (0.71−3.09) 0.29 1.63 (0.67−3.99) 0.28

Table 3. Odds ratio (and 95% confidence intervals) of having recurrent urinary tract infections (UTIs) or recurrent vaginitis in the 
past 12 months compared with no infections or non-recurrent infection for women.

OAD = oral anti-diabetic agent.

for both). Age was not a significant predictor of balanitis.

Recurrent genital infections in T2DM
Among 1,535 women with T2DM, 80 (5.4%) reported 
recurrent vaginitis (at least 3 infections in the past 12 
months), 185 (12.6%) reported non-recurrent vaginitis, and 
1,270 (82.0%) reported no genital infections. Among T2DM 
women with vaginitis (n = 265), 30.2% reported recurrent 
vaginitis. Approximately 61% of T2DM women with recurrent 

vaginitis reported 3-4 infections, and 39% had 5 or more 
vaginal infections in the past 12 months. The majority 
(65%) of T2DM women reporting non-recurrent vaginitis 
had only 1 infection in the past 12 months.  Among 886 
men with T2DM, 10 (1.1%) reported recurrent balanitis, 27 
(3.0%) reported non-recurrent balanitis, and 849 (95.8%) 
reported no genital infections.

Predisposing factors for recurrent vaginitis in T2DM
Because there were so few men with recurrent balanitis, 
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the analysis of predisposing factors focused on recurrent 
vaginitis. Among T2DM respondents, women reporting 
recurrent vaginitis had significantly higher BMI (38.4 kg/
m2 [SD 10.1] vs. 35.7 [7.6], p <0.05), greater proportion 
with narrow or blocked arteries (17.5% vs. 5.4%, p <0.05), 
and circulation problems (35.0% vs. 23.2%, p <0.05), and 
lower proportion with health insurance (76.3% vs. 89.7%, 
p <0.05), compared with women with non-recurrent 
vaginitis. Compared with T2DM with no vaginitis in the 
past 12 months, T2DM women with recurrent vaginitis 
were younger (54.9 [SD 10.9] vs. 62.9 [11.5], p <0.05), had 
lower income (55.0% vs. 40.9% with income <$30,000, p 
<0.05), higher BMI (38.4 vs. 35.2, p <0.05), greater proportion 
with narrow or blocked arteries (17.5% vs. 7.0%, p <0.05), 
circulation problems (35.0% vs. 18.3%, p <0.05), overactive 
bladder (23.8% vs. 12.7%, p <0.05), kidney problems (18.8% 
vs. 7.5%, p <0.05), lower proportion with health insurance 
(76.3% vs. 91.9%, p <0.05), and more used insulin (39.0% 
vs. 19.2%, p <0.05).

Using logistic regression with all characteristics included 
in the model, the odds of recurrent vaginitis compared 
with no vaginitis were 6.1 times higher if T2DM women 
received insulin plus oral anti-diabetic drugs compared 
with T2DM women who were not treated (p = 0.001) 
(Table 3). Other factors significantly increasing the odds 
of recurrent vaginitis among T2DM women were younger 
age (7% per year), overactive bladder (3.3 times higher 
odds), narrow or blocked arteries (4.5 times higher odds), 
and circulation problems (OR = 2.2). Race, BMI, duration of 
diabetes, household income, education, health insurance, 
and other comorbid conditions did not significantly predict 
the likelihood of recurrent vaginitis compared with no 
vaginitis among T2DM women. Compared with T2DM 
women who reported non-recurrent vaginitis, the odds 
of having recurrent vaginitis were significantly higher 
if women had less education (2 times higher), received 
insulin plus oral anti-diabetic drugs (4 times higher), 
or had narrow or blocked arteries (3.8 times higher)  
(Table 3). Age, race, BMI, duration of diabetes, household 
income, health insurance, and other comorbid conditions 
did not significantly predict the likelihood of recurrent 
vaginitis compared with non-recurrent vaginitis among 
T2DM women.

Discussion
UTIs were more prevalent among respondents with T2DM, 
compared with respondents without diabetes. UTIs were 
more frequent among women with T2DM, compared with 
men with T2DM and men without diabetes. Among T2DM 
respondents with at least 1 UTI reported, approximately 
25% had recurrent UTIs (3 or more in the past 12 months); 
25% for women and 15% for men. Specific demographic 
and clinical characteristics available in routine clinical 
practice predicted recurrent UTIs compared with non-
recurrent or no UTIs in women, including  overactive 

bladder/incontinence, kidney problems, and narrow or 
blocked arteries. T2DM women with COPD have a lower 
risk of recurrent UTIs. These characteristics may assist in 
identifying those likely to have recurrent UTIs.

Vaginitis and balanitis are also more prevalent among 
individuals with T2DM compared with respondents 
without diabetes. Among women with T2DM reporting 
vaginitis, approximately 30% self-reported having 
recurrent vaginitis. Key demographics (age, education) 
and comorbid conditions (circulation problems, overactive 
bladder, narrow or blocked arteries) increased the odds 
of recurrent vaginitis versus non-recurrent vaginitis or no 
vaginitis. These characteristics available in routine clinical 
practice may assist patients and physicians to identify 
those likely to have recurrent vaginitis. The impact of these 
infections on healthcare resource utilization, including 
emergency room care, time lost from work, and overall 
healthcare costs for treating UTIs and genital infections 
is significant [2,5]. 

The findings from the SHIELD study confirm previous 
reports that UTIs and genital infections are common [8,18] 
and are more common among individuals with T2DM  
[2,10,11]. Moreover, the SHIELD findings are one of the first 
to provide prevalence estimates of UTIs, genital infections, 
and their recurrence among individuals with T2DM in the 
United States. SHIELD also confirmed earlier reports that 
UTIs were significantly more likely to occur among women 
than men [2] and that adults with T2DM more often had 
recurrences of UTIs than adults without diabetes [11]. SHIELD 
had a lower rate of UTIs in men compared with national 
estimates in 2000: 33.9 per 1,000 among those without 
diabetes vs. 136.9/1,000 lifetime prevalence reported by 
Griebling [5]. The difference in prevalence may be due to 
the differences in the populations studied (Dutch registry 
and US hospital and ambulatory care records vs. survey) 
and changes in treatment patterns such as an increased 
rate of outpatient care for UTIs (greater numbers seeking 
care) in the past decade [5]. In a prospective study of 179 
women in Finland [19], 44% of patients had recurrent 
UTIs compared with 23% of individuals with T2DM in 
SHIELD. The difference in recurrence rates may be due to 
the difference in definition of recurrence, as the Finland 
study defined recurrence as an episode of UTI at least 1 
month after the index episode [19]. Other investigations 
have reported risk factors for recurrent vaginitis but found 
different predictors than the SHIELD study.  A prospective 
study of 104 women with a history of UTIs found that 
bacteriuria, pyuria, and intercourse dramatically increased 
the likelihood of recurrent UTIs [15]. A study of 49 women 
with recurrent UTIs found that 76% had dysfunctional 
voiding [16], and a study of 1,140 women with pelvic 
floor dysfunction found that the pelvic dysfunction was 
associated with recurrent UTIs [20]. The SHIELD study found 
that self-reported overactive bladder/incontinence was 
a risk factor for recurrent UTIs, supporting an association 
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with dysfunctional voiding. However, SHIELD did not collect 
data on sexual activity, menstruation habits, or pelvic 
dysfunction. The SHIELD study also provided evidence 
of risk factors that are readily known in routine clinical 
practice and can be used to assist in the identification of 
individuals (demographics and comorbid conditions) who 
are likely to have recurrent infections so that appropriate 
preventive care can be implemented.

The presence of COPD and revascularization (angioplasty, 
stents, bypass surgery) were significant predictors of 
recurrent UTIs compared with non-recurrent UTIs (83% 
decreased risk of recurrent UTI for revascularization and 
93% decreased risk for COPD) for women. This association 
may be due to use of antibiotics since antibiotics are 
generally administered in the US for 5 to 10 days for acute 
exacerbations of COPD [21]; however, future research is 
needed to test this hypothesis. T2DM women who were 
treated with insulin plus oral anti-diabetic medications 
had significantly increased odds of recurrent vaginitis 
compared with both those with non-recurrent vaginitis 
and no vaginitis. This association may be due to poor 
glucose control or indicative of difficult-to-treat T2DM 
patients since they were receiving insulin.  Further research 
is needed to evaluate the impact of glucose control on 
recurrence of vaginitis.

There are limitations to the study that should be considered.  
The diagnosis of diabetes, other comorbid conditions, and 
infections (UTIs and genital infections) were self-reported 
and could not be validated with medical record review.  
However, this bias is similar between the groups compared 
in this study. Also, previous studies have shown good 
correlation between self-reported health conditions and 
objective laboratory testing [12,22,23]. Household panels, 
like the TNS NFO panel, tend to under-represent the very 
wealthy and very poor segments of the population and 
do not include military or institutionalized individuals.  
Also, survey respondents are more likely to have healthier 
lifestyles than non-respondents [24] which may bias the 
generalizability of the study findings. However, the SHIELD 
population was weighted to represent the US census on 
age, gender, and household size, which may partially 
correct this bias. Information on sexual activity was not 
collected in the SHIELD survey so this factor could not 
be assessed as a potential predictor of urinary or genital 
infections. Even in this large cohort study, some of the 
95% CIs are wide, so robust estimates for the odds of 
infection or recurrence of infection are limited for certain 
characteristics. For example, there were a few women with 
recurrent or non-recurrent vaginitis who reported a stroke, 
resulting in a 95% CI interval that reached from 1 to 41.

In conclusion, UTIs and genital infections are prevalent 
among adults with T2DM, and recurrence of these 
infections is common in T2DM, especially among women.  
Predisposing characteristics of individuals with recurrent 
infections may be helpful in identifying those at risk before 

recurrence to reduce the burden on patients, physicians, 
and the healthcare system.
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