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Abstract

PURPOSE—We examined the relationship between glycemic control and urinary tract infections 

(UTI) in women with type 1 diabetes mellitus.

MATERIALS AND METHODS—Women enrolled in the Epidemiology of Diabetes 

Interventions and Complications (EDIC) study, the observational follow-up of the Diabetes 

Control and Complications Trial (DCCT) were surveyed to assess the rate of physician-diagnosed 

UTI in the preceding 12 months. The relationship between HbA1c levels and number of UTIs in 

the previous 12 months was assessed using a multivariable Poisson regression model.

RESULTS—At EDIC Year 17, 572 women were evaluated: mean age 50.7 ± 7.2 years, mean 

body mass index (BMI) 28.6 ± 5.9 kg/m2, type 1 diabetes duration 29.8 ± 5.0 years, and mean 

HbA1c 8.0 ± 0.9%. Of these, 86 (15.0%) reported at least one physician diagnosed UTI during the 

past 12 months. Higher HbA1c levels were significantly associated with number of UTIs, such 

that for every unit increase (1%) in recent HbA1c level, there was a 21% (p=0.02) increase in UTI 

frequency in the previous 12 months after adjusting for race, hysterectomy status, urinary 
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incontinence (UI), sexual activity in the past 12 months, peripheral and autonomic neuropathy and 

nephropathy.

CONCLUSIONS—The frequency of UTI increases with poor glycemic control in women with 

type 1 diabetes. This relationship is independent of other well-described predictors of UTI and 

suggests that factors directly related to glycemic control may influence the risk of lower urinary 

tract infections.
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INTRODUCTION

Urinary tract infections (UTI) affect millions of women each year.1 Diabetes mellitus is a 

comorbidity that predisposes patients to more frequent and complex UTI.2 Several 

epidemiologic studies support this tenet, demonstrating a 1.2 to 2.2 fold increased risk of 

lower UTI in subjects with diabetes compared to those without diabetes.3-6 The relationship 

between traditional measures of diabetes severity such as duration of disease, level of 

glycemic control and presence of diabetic complications among women with diabetes and 

risk of UTI, however, is not clear. Glycated hemoglobin (HbA1c) and diabetic micro-

vascular and neuropathic complications have not been associated with symptomatic UTI, 

while duration of diabetes and insulin use have been variably correlated.4, 7, 8 These studies 

were limited by their inclusion of women with primarily type 2 diabetes and single 

measurement of glycemic control. Consequently, data on factors associated with 

symptomatic UTI for women with type 1 diabetes mellitus are limited.

We examined the relationship between HbA1c and UTI in women with type 1 diabetes using 

data from the Diabetes Control and Complications Trial (DCCT) and its observational 

follow-up, the Epidemiology of Diabetes Interventions and Complications (EDIC) study. 

This study has collected detailed information on women with type 1 diabetes since 1983. 

Information regarding UTI was collected in 2010 (EDIC year 17) as part of an ancillary 

study of urologic complications of diabetes (UroEDIC). We hypothesized that worse 

glycemic control, as measured by HbA1c levels, in type 1 diabetes was associated with an 

increased rate of UTI.

MATERIALS AND METHODS

Population and Setting

The DCCT was a multicenter, randomized clinical trial designed to compare the effects of 

intensive and conventional diabetes therapy on the development and progression of early 

microvascular complications of type 1 diabetes.9, 10 From 1983-1989, 1441 subjects (680 

women) aged 13-39 years were recruited. The DCCT included a primary prevention cohort 

and a secondary intervention cohort. The primary prevention cohort consisted of 348 women 

with no retinopathy, a urinary albumin excretion rate <40 mg/24 hours, and diabetes 

duration of 1–5 years at baseline. The secondary intervention cohort consisted of 332 

women who, at baseline, had non-proliferative retinopathy, urinary albumin excretion rate 
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≤200 mg/24 hours, and diabetes duration of 1–15 years. Individuals were excluded if they 

had hypertension, history of symptomatic ischemic heart disease, or symptomatic peripheral 

neuropathy. At the end of the trial in 1993, the DCCT proved that intensive therapy 

significantly reduced the risk of diabetic microvascular complications compared with 

conventional treatment.11 Intensive treatment was subsequently recommended for all 

subjects.

In 1994, 655 (96%) of the surviving 680 women volunteered to participate in EDIC; mean 

age 35 ± 7 years. During 2010, EDIC year 17, 580 of 618 active female participants (94%), 

mean age 51 ± 7 years, agreed to participate in UroEDIC, an ancillary study to examine the 

presence of urological complications, including urinary incontinence, lower urinary tract 

symptoms, urinary tract infections and sexual dysfunction. Among the 580 women, 575 

women had UTI information. Three individuals reported 4, 6, and 9 UTI infections and the 

following HbA1c levels: 8.5, 8.0 and 8.2, respectively. Given the single observation for these 

counts and influential status (inclusion altered association estimate), they were excluded 

resulting in 572 women for the current analyses (Figure 1). All DCCT/EDIC procedures 

were reviewed and approved by institutional review boards at the participating center and all 

participants provided written informed consent.

Urinary Tract Infection Measurements

Urinary tract infections (UTI) were quantified by the response to the question: “How many 

times in the last 12 months were you diagnosed by a physician with a bladder infection?” 

This question is the same as that used in the Third National Health and Nutrition 

Examination Survey (NHANES).12

Diabetes Measurements

Each EDIC subject underwent an annual history, physical examination, and laboratory 

evaluation including HbA1c which was measured at baseline and quarterly during DCCT 

and annually in EDIC.13 For purposes of this analysis, recent glycemic control was the 

HbA1c measured at the EDIC year 16 visit (1 year prior to UTI assessment), and long term 

glycemic control was the time-weighted mean of all HbA1c values obtained during DCCT 

and through EDIC year 16. Retinopathy was established by fundus photographs that were 

obtained periodically and graded centrally using the Early Treatment Diabetic Retinopathy 

Study scale.14, 15 Albumin excretion rate (AER) was measured in alternate years during 

EDIC. Nephropathy was defined as microalbuminuria (AER 30-300 mg/24hr) or 

albuminuria (AER >300 mg/24hr). Peripheral neuropathy was determined at year 17 using 

the Michigan Neuropathy Screening Instrument (MNSI) and defined as >6 positive 

responses on the MNSI questionnaire or a score of >2 on the MNSI physical exam. 

Cardiovascular autonomic neuropathy definition: either R-R variation <15 or R-R variation 

between 15-19.9 plus either a Valsalva ratio ≤1.5 or a supine-to-standing drop of 10 mmHg 

in diastolic blood pressure measured at EDIC year 16/17.16

Other Measurements

Other well established factors related to UTI measured during EDIC Year 17 (unless stated 

otherwise) include: menopausal status, oral contraceptive use, parity, sexual activity and 
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urinary incontinence (UI). Natural menopause definition: cessation of menses for 1 year in 

the absence of gynecologic surgery. Surgical menopause was defined by report of 

hysterectomy and/or bilateral oophorectomy. Parity definition: number of live births as of 

EDIC Year 10. UI was assessed at EDIC years 10 and 17 by a self-administered 

questionnaire using validated instruments from previous studies.17 UI was defined as weekly 

or more frequent incontinence. Women were also queried about engaging in sexual activity 

in the past 12 months at EDIC years 10 and 17.

Statistical Analysis

The distribution of socio-demographic and clinical characteristics, markers of diabetes 

control, treatment and diabetic complications were compared by UTI and HbA1c status at 

EDIC year 17 using the Chi-Square test for categorical variables (Fisher's was used when 

sample sizes were small) and the Wilcoxon rank-sum test for continuous variables. A 

multivariable Poisson regression model was built to estimate the effects of glycemic control 

(% HbA1c) on UTI count. All variables significant with an alpha level of 0.1 in bivariate 

analyses along with sexual activity in the last 12 months (yes or no) were included in the 

model. To determine the individual impact of both recent and long term glycemic control on 

UTI count, both HbA1c variables (recent EDIC year 16 HbA1c and time-weighted mean 

HbA1c over DCCT/EDIC) were included in the initial model. Time-weighted HbA1c did 

not have a significant independent association with UTI count after inclusion of recent 

HbA1c levels and therefore was excluded from the final model. The percent change in UTI 

count per 1 unit increase in each covariate was reported using the expression, 

[EXP(β)-1]*100. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, 

NC).

RESULTS

At EDIC year 17, 572 women, aged 50.7 ± 7.2 years, had mean body mass index (BMI) of 

28.6 ± 5.9 kg/m2, with type 1 diabetes duration of 29.8 ± 5.0 years, and mean HbA1c of 8.0 

± 0.9%. Eighty-six (15.0%) women reported at least one physician diagnosed UTI in the 

past 12 months. Fifty-nine women (10%) reported 1 UTI, 22 women (4%) reported 2 UTIs, 

and 5 women (1%) reported 3 UTIs in the last 12 months. Current age, BMI, menopausal 

status and sexual activity in the last 12 months were not significantly associated with UTI 

status in unadjusted analysis (Table 1). Women reporting UTI in the last 12 months were 

more likely to be non-white (8% vs. 3%; p=0.02) and there was an increased report of prior 

hysterectomy (24% vs. 17%; p=0.1) compared to women not reporting UTI. DCCT 

treatment (intensive vs. conventional), cohort (primary vs. secondary), and insulin dose were 

not associated with UTI at EDIC year 17. Recent HbA1c levels were higher among women 

reporting UTIs compared to women not reporting UTIs. Additionally, nephropathy, 

peripheral neuropathy and autonomic neuropathy were all significantly more prevalent 

among women reporting UTIs at EDIC year 17 (Table 1). Mean age, BMI, duration of 

diabetes and insulin dose were all higher in women with increased HbA1c levels (>7.8% vs. 

≤7.8%) (data not shown).
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The percentage of women reporting UTIs increased with increasing tertiles of recent HbA1c 

levels (Figure 2). A multivariable Poisson regression analysis demonstrated a 21% increase 

in UTI infection count per 1% increase (e.g. 7% to 8%) in recent HbA1c level (p=0.02) after 

adjustment for race, hysterectomy status, UI, sexual activity in the past 12 months, 

peripheral and autonomic neuropathy and nephropathy (Table 2). A separate multivariable 

Poisson regression model examining DCCT/EDIC time-weighted mean HbA1c levels 

revealed a 31.8% (p=0.03) increase in UTI count per 1% increase in HbA1c, however, the 

association of the time-weighted mean HbA1c with UTI risk was no longer significant when 

also adjusted for the recent HbA1c.

DISCUSSION

We observed a significant relationship between recent HbA1c levels and rate of UTI in 

women with type 1 diabetes. The findings show that for every one-unit increase in recent 

HbA1c, there was a 21% increase in number of UTI and the association was independent of 

known risk factors for UTI such as race, hysterectomy status, UI, sexual activity in the past 

12 months, peripheral and autonomic neuropathy and nephropathy, suggesting that glycemia 

itself may independently affect UTI in this population.

Although diabetes is associated with higher risk for UTI, other studies to date have failed to 

identify an association between level of glycemic control and UTI.4, 6, 7 For example, 

evaluation of post-menopausal women with predominantly type 2 diabetes who had a 

culture-confirmed UTI did not demonstrate an increased risk associated with increased 

HbA1c.4 Another study found an increased risk of UTI in women taking insulin and those 

with longer duration of diabetes, but no relationship between HbA1c and UTI.6 Finally, an 

evaluation of a cohort of women in their 40's with type 1 and type 2 diabetes found that 

glycemic control was also not a significant risk factor for UTI (RR 1.27, 95% CI 

0.90-1.79).7

There are several possible explanations for the difference between prior studies and our 

results. First, prior studies included women almost exclusively with type 2 diabetes and were 

limited to a single measure of HbA1c. It is unclear if women with type 1 diabetes are more 

prone to UTI risk compared to their type 2 counterparts. Most UTIs reported in prior studies 

were found to be due to typical uropathogens suggesting that both type 1 and type 2 diabetes 

facilitate the same route of infection.6 A more plausible explanation is that HbA1c levels 

overall were lower in these cohorts which may impair ability to detect associations.6 In a 

prior analysis of the EDIC cohort in 2003, when mean HbA1c levels were lower, we also did 

not observe an association between HbA1c levels and UTI.8 It is possible our current 

findings of an association can be attributed to the effect of increased glycemia being more 

manifest in older subjects. Interestingly, in a recent study that included 190 patients with 

diabetes with available HbA1c values within 3 months before collection of isolates related to 

colonization of the urinary tract, those women with the highest HbA1c values were at 

greatest risk for urosepsis.18

There is pathophysiological support for the findings that poor glycemic control may directly 

and indirectly increase risk for UTI. First, higher glucose concentrations in the urine may 
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promote the growth of pathogenic bacteria, act as a culture medium and promote bacterial 

adherence to the urinary tract.19-21 Second, genitourinary damage due to diabetes may result 

in impaired bladder emptying 22 and decreased bladder sensation 23 resulting in conditions 

conducive to UTI. When both recent and long-term levels of glycemic control were 

evaluated, only recent levels of HbA1c were independently associated with UTI suggesting a 

glucotoxic effect on outcome. Finally, overall infection risk in patients with diabetes is 

higher.3

Sexual activity was not associated with UTI in the recent study. This is in contrast with the 

bulk of the literature which includes sexual activity as a generally accepted risk factor for 

UTI1 but also with findings previously reported in this cohort.8 These discrepancies can be 

attributed in part to aging of the cohort as associations between sexual activity and UTI have 

been primarily supported in younger women.1 Finally, we observed an effect of 

hysterectomy on UTI rate in women with type 1 diabetes. Alterations in the normal anatomy 

of the pelvis after hysterectomy may contribute to increased risk of UTIs.24 Further studies 

examining these factors in older women with diabetes are warranted.

There are several important clinical implications for our findings. First, the overall burden of 

UTI in this study (15%) is lower than that observed for other populations of women with 

type 1 diabetes (20%).7 While this could be a function of the variation in the diagnosis and 

definition of UTI across studies, it is also possible that this is a result of improved glycemic 

control, which may have contributed to the prevention of infection. Second, our data suggest 

that better glycemic control is associated with lower rate of UTI. These findings provide a 

rationale for counseling women with type 1 diabetes about UTIs and glycemic control. 

Offering the knowledge that they can potentially decrease their risk of UTI by improving 

blood glucose control might motivate some women to improve their self-care. Finally, 

clinicians are increasingly required to address all potential risk factors for UTI, not only for 

patient safety, but also because of impact on quality indicators and potential financial 

penalties for healthcare providers and payers.25-27

Strengths of our study include large sample size, minimal loss to follow-up and frequent 

validated measurement of key covariates. However, there are several limitations of the study 

including the reliance on patient-reported “physician diagnosed” UTI. For practical reasons, 

we could not confirm these self-reports so first-hand provider evaluation, laboratory testing, 

and treatment assessments were not available. Without these data, it is not possible to know 

if recall bias may have affected our findings. However, recent studies suggest that diagnostic 

tests such as urinalysis and urine cultures are rarely necessary in the setting of 

uncomplicated cystitis.28 We have no reason to believe that any possible misclassification as 

a result of recall bias would have differed between specific exposure groups. Information on 

sexual activity and its frequency and parity were not collected on a repeated basis. While the 

cohort has been followed for a number of decades, participants are still relatively young and 

most are Caucasian. As DCCT/EDIC participants are generally a highly motivated group of 

individuals with generally good health behaviors, results may not apply to a broader 

population with type 1 diabetes.
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CONCLUSIONS

Our findings demonstrate that urinary tract infection is associated with poor glycemic 

control in women with type 1 diabetes. This relationship is independent of other well-

described risk factors for UTI and suggests that factors directly related to glycemic control 

may affect UTIs. These results provide a rationale for counseling women with type 1 

diabetes about the increased risk of UTI and the importance of maintaining good glycemic 

control.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow of female participants in DCCT/EDIC/UroEDIC
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Figure 2. 
Percentage of women with UTI* at EDIC Year 17 per tertile of current EDIC Year 16 

HbA1c
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Table 1

Characteristics of Participants at EDIC Year 17 by UTI Status
*

No (n=486) Yes (n=86) p-value

Sociodemographic/Clinical

Attained Age (years) Mean (SD) 50.6±7.1 50.9±7.7 0.7

Non-White Race No. (%) 14 (3) 7 (8) 0.02

Currently Married No. (%) 329 (70) 56 (67) 0.6

College Education No. (%) 280 (60) 44 (53) 0.2

Current Drinker No. (%)
† 185 (39) 33 (40) 0.9

Current Smoker No. (%)
† 55 (12) 11 (13) 0.7

Body Mass Index (BMI) (kg/m2) Mean (SD) 28.7±6.1 27.8±4.4 0.7

BMI Category (kg/m2) No. (%)

        Normal (<25) 131 (28) 20 (24) 0.2

        Overweight (25-29) 177 (38) 40 (49)

        Obese (≥30) 153 (33) 22 (27)

Oral contraceptive use No. (%) 22 (5) 2 (2) 0.3

Postmenopausal No. (%) 271 (57) 51 (61) 0.5

Hysterectomy No. (%) 79 (17) 20 (24) 0.1

Parity (n of live births) No. (%)
‡

    0 156 (32) 22 (26) 0.4

    1 91 (19) 16 (19)

    ≥2 239 (49) 48 (56)

Sexually active in last 12 months 375 (78) 65 (76) 0.8

Urinary Incontinence (at least weekly) 108 (23) 26 (31) 0.1

Diabetes Control and Treatment

DCCT cohort No. (% primary prevention) 246 (51) 43 (50) 0.9

Treatment arm No. (% intensive) 259 (53) 43 (50) 0.6

Duration of diabetes (years) 29.8±5.0 29.6±5.1 0.7

Current Hemoglobin A1c (%) 7.9±1.2 8.4±1.3 0.002

DCCT/EDIC time-weighted mean HbA1c 8.0±0.9 8.3±1.0 0.008

Insulin Dose (units/kg/day) 0.67±0.29 0.68±0.28 0.9

Diabetic Complications (% with complication)

Retinopathy No. (%)
§ 81 (17) 14 (16) 0.9

Nephropathy No. (%)
∥ 67 (14) 22 (28) 0.004

Peripheral Neuropathy No. (%)
¶ 185 (40) 40 (49) 0.1

Autonomic Neuropathy No. (%)
# 170 (37) 41 (49) 0.03

Coronary Calcium>0 No. (%)
** 80 (19) 15 (20) 0.8

Note: Data are presented as Means (SD) or N (%), p-values based on chi-square or Wilcoxan rank-sum test.

*
UTI defined as ≥1 episode in past 12 months.
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†
Smoking defined as “currently smokes cigarettes or ever smoked in the past 12 months (any amount).” Drinking defined as “consumed an average 

of at least one alcoholic beverage per week during the past 12 months.”

‡
Parity defined as number of live births as of EDIC Year 10.

§
Defined through EDIC year 14 using the Early Treatment Diabetic Retinopathy Study on a scale of 0-23 (<12 Non Proliferative or None, ≥12 

Proliferative).

∥
Defined at EDIC years 17/18 by Albumin Excretion Rate (mg/24hr) (AER≥30).

¶
Defined at EDIC year 17 by the Michigan Neuropathy Screening Instrument >6 responses on the questionnaire or a score of >2 on the exam.

#
Autonomic testing completed in EDIC year 16/17 and abnormal finding defined as R-R variation<15 or RR variation<20 in combination with a 

Valsalva ratio≤1.5 or a decrease of >10 mm Hg in diastolic BP upon standing.

**
Coronary calcium deposit during EDIC years 7-9.

J Urol. Author manuscript; available in PMC 2016 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lenherr et al. Page 14

Ta
b

le
 2

A
dj

us
te

d 
Po

is
so

n 
M

od
el

 o
f 

# 
of

 U
ri

na
ry

 T
ra

ct
 I

nf
ec

tio
ns

 a
t E

D
IC

 Y
ea

r 
17

C
ov

ar
ia

te
s

P
ar

am
et

er
 E

st
im

at
e 

(S
E

)
%

 c
ha

ng
e 

in
 U

T
I 

co
un

t 
fo

r 
un

it
 in

cr
ea

se
 in

 c
ov

ar
ia

te
*

p-
va

lu
e

U
na

dj
us

te
d

   
   

  C
ur

re
nt

 H
bA

1c
 (

at
 E

D
IC

 Y
ea

r 
16

) 
(%

)
0.

23
 (

0.
06

)
38

.0
%

0.
00

01

   
   

  C
ur

re
nt

 H
bA

1c
 (

at
 E

D
IC

 Y
ea

r 
16

) 
(m

m
ol

/m
ol

)
0.

02
 (

0.
00

6)

A
dj

us
te

d

   
 N

on
-W

hi
te

 r
ac

e
0.

37
 (

0.
44

)
45

.1
%

0.
4

   
 H

ys
te

re
ct

om
y

0.
46

 (
0.

24
)

58
.6

%
0.

06

   
 U

ri
na

ry
 I

nc
on

tin
en

ce
 (

≥w
ee

kl
y)

0.
27

 (
0.

23
)

31
.1

%
0.

2

   
 S

ex
ua

lly
 A

ct
iv

e 
in

 la
st

 1
2 

m
on

th
s

0.
19

 (
0.

26
)

20
.8

%
0.

5

   
 P

er
ip

he
ra

l N
eu

ro
pa

th
y†

0.
04

 (
0.

23
)

4.
3%

0.
9

   
 A

ut
on

om
ic

 N
eu

ro
pa

th
y‡

0.
08

 (
0.

22
)

8.
2%

0.
7

   
 N

ep
hr

op
at

hy
§

0.
28

 (
0.

27
)

32
.4

%
0.

3

   
   

  C
ur

re
nt

 H
em

og
lo

bi
n 

A
1c

 (
at

 E
D

IC
 Y

ea
r 

16
) 

(%
)

0.
19

 (
0.

08
)

21
.0

%
0.

02

   
   

  C
ur

re
nt

 H
em

og
lo

bi
n 

A
1c

 (
at

 E
D

IC
 Y

ea
r 

16
) 

(m
m

ol
/m

ol
)

0.
02

 (
0.

00
8)

* T
he

 p
er

ce
nt

 c
ha

ng
e 

in
 U

T
I 

co
un

t p
er

 1
 u

ni
t i

nc
re

as
e 

in
 c

ov
ar

ia
te

 w
as

 r
ep

or
te

d 
us

in
g 

th
e 

eq
ua

tio
n,

 [
E

X
P(
β)

-1
]*

10
0.

† D
ef

in
ed

 a
t E

D
IC

 y
ea

r 
17

 b
y 

th
e 

M
ic

hi
ga

n 
N

eu
ro

pa
th

y 
Sc

re
en

in
g 

In
st

ru
m

en
t >

6 
re

sp
on

se
s 

on
 th

e 
qu

es
tio

nn
ai

re
 o

r 
a 

sc
or

e 
of

 >
2 

on
 th

e 
ex

am
.

‡ A
ut

on
om

ic
 te

st
in

g 
co

m
pl

et
ed

 in
 E

D
IC

 y
ea

r 
16

/1
7 

an
d 

ab
no

rm
al

 f
in

di
ng

 d
ef

in
ed

 a
s 

R
-R

 v
ar

ia
tio

n<
15

 o
r 

R
R

 v
ar

ia
tio

n<
20

 in
 c

om
bi

na
tio

n 
w

ith
 a

 V
al

sa
lv

a 
ra

tio
≤1

.5
 o

r 
a 

de
cr

ea
se

 o
f 

>
10

 m
m

 H
g 

in
 d

ia
st

ol
ic

 
B

P 
up

on
 s

ta
nd

in
g.

§ N
ep

hr
op

at
hy

 d
ef

in
ed

 a
s 

A
E

R
≥3

0 
m

g/
24

hr
 a

t E
D

IC
 y

ea
rs

 1
7/

18
.

J Urol. Author manuscript; available in PMC 2016 October 01.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Population and Setting
	Urinary Tract Infection Measurements
	Diabetes Measurements
	Other Measurements
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

