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Cardiovascular Autonomic
Neuropathy, Sexual Dysfunction,
and Urinary Incontinence in
Women With Type 1 Diabetes

Diabetes Care 2016,;39:1587-1593 | DOI: 10.2337/dc16-0059

OBJECTIVE

This study evaluated associations among cardiovascular autonomic neuropathy
(CAN), female sexual dysfunction (FSD), and urinary incontinence (Ul) in women
with type | diabetes mellitus (T1DM).

RESEARCH DESIGN AND METHODS

We studied 580 women with TIDM in the Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventions and Complications Study (DCCT/
EDIC). CAN was defined as: 1) R-R variation <15 with deep breathing or 2) R-R
variation of 15-19.9 plus Valsalva ratio <1.5 or a supine-to-standing drop of
10 mmHg in diastolic blood pressure. A Sandvik Severity Index of 3-12 defined
Ul, and a Female Sexual Function Index (FSFI-R) score =22.75 defined FSD. Multi-
variable models estimated associations among CAN, FSD, and Ul.

RESULTS

At EDIC year 17, FSD was observed in 41% of women and Ul in 30%. No statistically
significant associations were observed between measures of CAN at DCCT close-
out and subsequent report of FSD or Ul. At EDIC year 16/17, there was a 53%
increased odds of having Ul with a Valsalva ratio <1.5. At both EDIC year 13/14
and EDIC year 16/17, a 5-unit increase in R-R variation was associated with a 1.11
greater odds of having FSD.

CONCLUSIONS

In women with TIDM in the DCCT/EDIC, we found significant increased odds of
FSD and Ul with specific measures of CAN. In long-standing TLDM, CAN may pre-
dict development of FSD and may be a useful surrogate for generalized diabetic
autonomic neuropathy.

Female sexual dysfunction (FSD) and urinary incontinence (Ul) have a significant neg-
ative effect on quality of life among women with diabetes (1-3). Previous work has
demonstrated that up to 38% of women with type 1 diabetes mellitus (TADM) have
some incontinence and up to 35% meet criteria for FSD (4,5). Although FSD due to DM
is likely multifactorial, an autonomic component has been proposed (6-8). Similarly,
alterations in bladder innervation may contribute to overall bladder dysfunction and Ul
(9,10), and physiologic evaluation of autonomic neuropathy through sympathetic skin
response has been explored in two small studies (11,12). However, the possible asso-
ciation of the various measures of cardiac autonomic neuropathy (CAN), which are the
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most common and earliest signs of au-
tonomic neuropathy, with FSD and Ul is
unclear (13,14).

The autonomic nervous system plays
a critical role in regulating multiple or-
gan systems, through a broad network
of small afferent and efferent unmyelin-
ated nerve fibers. These nerve fibers are
sensitive to diabetes-induced dysfunc-
tion and damage, known as autonomic
neuropathy (15). Although the magni-
tude of signs and symptoms varies,
from asymptomatic small fiber dysfunc-
tion to severe impairment of neurovas-
cular function, glycemic control and
diabetes duration are directly related
to systemic autonomic nervous system
dysfunction (14,16). Therefore, once di-
abetic autonomic neuropathy has af-
fected one organ system, other organ
systems are also likely to be involved.

The objective of this study was to eval-
uate the associations between CAN with
FSD and Ul in female participants of the
Epidemiology of Diabetes Interventions
and Complications (EDIC) study, the obser-
vational follow up to the Diabetes Con-
trol and Complications Trial (DCCT). The
DCCT/EDIC cohort is a large and well-
characterized cohort of individuals with
T1DM, continuously monitored for ~30
years, with available data on numerous
diabetic complications, risk factors and
medication use (17-19). We evaluated
the association of CAN (assessed during
DCCT and EDIC [20,21]) with FSD and Ul
(assessed during EDIC) as part of UroEDIC,
an ancillary study of urologic complica-
tions (22,23).

RESEARCH DESIGN AND METHODS

Population and Setting

The DCCT and EDIC studies have been
described in detail (17-19). Briefly,
1,441 subjects with TIDM for 1-15 years
with no (primary prevention cohort) or
minimal diabetic retinopathy (second-
ary intervention cohort) were enrolled
in DCCT. Subjects were randomly as-
signed to intensive or conventional
treatment and were monitored for a
mean of 6.5 years, (range 3-9) (18). At
the end of DCCT, intensive therapy was
recommended for all subjects. Annual
EDIC examinations began in 1994, with
1,375 (96%) former DCCT subjects con-
senting to participate in EDIC. A detailed
description of EDIC study procedures
and baseline characteristics has been
previously published (17).

Of the original 680 women enrolled,
676 completed the DCCT in 1993, and
655 (96%) agreed to participate in the
first annual examination of EDIC in 1994.
UroEDIC, an ancillary study designed
to examine urologic complications of
diabetes, included the first FSD and Ul
evaluations in 2003, which were re-
peated in 2010 (Fig. 1). At EDIC year
17 (in 2010), 580 of the 618 active
women (94%) agreed to participate in
UroEDIC, and among them, 371 and
571 had valid FSD and Ul information,
respectively, and comprise the cohort
for the current analyses. Figure 1 sum-
marizes the timeline for data collection
for FSD, Ul, and neuropathy data for
DCCT/EDIC. All DCCT/EDIC procedures
were approved by institutional review
boards of all participating centers. Writ-
ten informed consent was provided by
all participants.

FSD and UI Evaluation

FSD was evaluated by the abbreviated
version of the Female Sexual Function In-
dex (FSFI-R), a widely used, well-validated,
multidimensional, self-report measure
that assesses sexual function across six
domains, including sexual desire, arousal,
lubrication, orgasm, satisfaction, and
pain. Presence of FSD was defined by a
score =22.75 on the FSFI-R (24). Ul was
determined by incontinence frequency
and amount of urine lost per episode
(drops, small splashes, more), using the
validated Sandvik Severity Index (25).
The Sandvik Severity Index is calculated
from frequency and amount of urine
loss on a scale of 0 to 12 (dry/mild: -0
to 2, moderate: -3 to 6, severe: -8 to 9,
very severe: —12). For this study, presence
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of Ul was defined as Sandvik Severity In-
dex of 3 to 12 (moderate/very severe Ul).

CAN Evaluations

Standardized CAN evaluations were es-
tablished as part of DCCT and rigorously
applied and interpreted throughout the
study. Briefly, these included R-R re-
sponse to paced breathing (R-R varia-
tion), Valsalva maneuver, and postural
changes (supine-to-stand) in blood pres-
sure measured at baseline, biennially
during DCCT, and at years 13/14 and
16/17 during EDIC (20,26). These cardio-
vascular reflex tests are objective, highly
reproducible, and still recommended by
consensus in the field as the gold stan-
dard (27). All subjects were asked to fast
and avoid vigorous exercise for 24 h and
caffeine and tobacco products for 8 h
before CAN testing and to hold all pre-
scription and over-the-counter medi-
cines (except for basal insulin) until
testing was completed (20,26). Subjects
who experienced hypoglycemia after
midnight (blood glucose =50 mg/dL or
signs/symptoms of hypoglycemia) and
subjects with acute illnesses 48 h before
testing were excluded from CAN test-
ing. Subjects with proliferative retinop-
athy, recent history of laser therapy or
vitrectomy, and/or no eye examination
in the last 4 years and those who could
not perform the required forced expira-
tion were excluded from the Valsalva
maneuver.

CAN testing was performed with
Hokanson ANS2000 devices (Hokanson
Inc., Bellevue, WA), and results were an-
alyzed at a single reading center. All CAN
measurements were reviewed by a single
investigator, masked to DCCT treatment

pecer DcCT EDIC Year 10 EDIC ED:%I:';W
Baseline Close-out UroEDIC | Year 13/14 UroEDIC II
CAN FSD/UI CAN FSD/UI + CAN
Evaluations Evaluation Evaluation Evaluation
\ | EDIC Start
1989 1993 1994 2003 2006/2007 2009/2010
l Entire cohort j \ J
| |
DCCT EDIC

| Figure 1—Neuropathy and FSD/UI data collection in DCCT/EDIC.
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Table 1—Characteristics of DCCT/EDIC female participants by FSD and UI status at EDIC year 17

No FSD FSD No Ul Ul
(n=218) (n =153) P value (n =399) (n=172) P value
Sociodemographic/clinical

Attained age (years) 447.7 = 6.7 51.8 £ 7.1 <0.0001 503 £ 7.4 51.6 = 6.5 0.1
Married 157 (75) 124 (84) 0.04 269 (70) 116 (69) 0.8
Current cigarette smoker 28 (13) 13 (9) 0.2 44 (12) 22 (13) 0.6
Current drinker 86 (41) 65 (44) 0.6 161 (42) 58 (35) 0.1
BMI (kg/m?) 28.2 £ 6.0 28.2 £ 5.4 0.8 27.9 £5.5 30.1 = 6.4 <0.0001
BMI category (kg/m?)

Normal (BMI <25) 59 (29) 40 (28) 0.6 115 (31) 35 (21) 0.001

Overweight (BMI 25 to <30) 82 (40) 66 (46) 157 (42) 60 (36)

Obese (BMI =30) 63 (31) 39 (27) 103 (27) 71 (43)
Postmenopausal 87 (41) 94 (64) <0.0001 216 (56) 105 (63) 0.2
Hysterectomy 32 (15) 27 (18) 0.4 63 (16) 35 (21) 0.2
Parity (n live births)

0 107 (49) 94 (61) 0.05 239 (6) 105 (61) 0.9

1 42 (19) 27 (18) 67 (17) 28 (16)

=2 68 (31) 32 (21) 92 (23) 39 (23)

UTI within past year 39 (19) 23 (16) 0.4 60 (16) 33 (20) 0.3
Diabetes control and treatment
Primary prevention cohort 117 (54) 78 (51) 0.6 207 (52) 81 (47) 0.3
Intensive treatment group 106 (49) 82 (54) 0.3 203 (51) 96 (56) 0.3
Diabetes duration (years) 293 49 299 £ 5.1 0.3 29.6 = 5.0 30.5 £ 5.3 0.06
DCCT/EDIC time-weighted
HbA;. (%) 8.0 £ 0.9 8.0 £ 0.9 0.6 8.0 £0.9 8.1 1.0 0.5
HbA;. (mmol/mol) 63.6 = 9.9 63.4 = 10.2 0.6 64 £ 9.8 65 = 10.9 0.5
Diabetic complications
Retinopathy* 28 (13) 30 (20) 0.08 63 (16) 33 (19) 0.3
Nephropathy**

None (<30 mg) 173 (82) 124 (87) 0.5 318 (84) 136 (84) 0.3

Microalbuminuria (30-300 mg) 33 (16) 16 (11) 52 (14) 25 (15)

Albuminuria (=300 mg) 4(2) 3(2) 10 (3) 1(1)
eGFR <60 mL/min/1.73 m? 12 (6) 6 (4) 0.5 25 (6) 5(3) 0.09

Blood pressure control
DCCT/EDIC time-weighted

SBP (mmHg) 114.9 = 8.5 116.5 = 8.8 0.1 115.7 = 8.3 117.3 + 8.2 0.05

DBP (mmHg) 724 = 5.0 72.2 =52 0.9 723 £5.0 72.6 = 4.9 0.5
Hypertension# 113 (55) 89 (61) 0.3 224 (59) 112 (67) 0.06
Antihypertensive use

B-Blockers 18 (9) 20 (14) 0.1 34 (9) 29 (17) 0.005

ACE inhibitors or ARB 97 (47) 69 (47) 0.9 193 (51) 94 (56) 0.3

Calcium channel blockers 12 (6) 12 (8) 0.4 27 (7) 20 (12) 0.06

Data are mean = SD or n (%). Sample sizes may vary due to missing data. FSD defined as FSFI-R score =22.75. Ul was defined as moderate to severe
with a Sandvik Severity Index =3. P values are based on the Kruskal-Wallis test for quantitative variables or the contingency xz for qualitative
variables. ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate calculated by the Chronic Kidney Disease Epidemiology
Collaboration; UTI, urinary tract infection. *Retinopathy defined through EDIC year 14 using the Early Treatment Diabetic Retinopathy Study on a
scale of 0-23 (<12 nonproliferative or none, =12 proliferative). **Nephropathy defined using AER (mg/24 h) at EDIC year 15/16. #Hypertension
defined as sitting SBP =140 mmHg and/or DBP =90 mmHg or the use of antihypertensive medication.

assignment, with extensive expertise
in neurophysiology, who determined
whether the technical quality of the record-
ing and conditions of the test met study
criteria. Intrasubject reproducibility of the
CAN tests was evaluated using same-day,
test-retest on a random subset of 185
DCCT/EDIC participants across all EDIC
sites and revealed high test-retest corre-
lations for R-R variation (x = 0.78) and
Valsalva (k = 0.80, P < 0.0001 for both).

The standardized cut points for CAN
measures used in DCCT included an R-R
variation <15 and a Valsalva ratio =1.5.

Abnormal CAN function was defined
as R-R variation <15 or R-R variation
between 15 and 19.9 plus a Valsalva
ratio =1.5 or a supine-to-standing
drop of 10 mmHg in diastolic blood pres-
sure (DBP) (20). Because more recent
evidence has demonstrated that cate-
gorical cutoffs for R-R and Valsalva may
have limitations due to the important
effect of age on heart rate variation
(28,29), we have also included the changes
in age-adjusted continuous measures of
the R-R variation and Valsalva ratio in the
analyses.

Other Evaluations

Hemoglobin A;. (HbA;.) level was mea-
sured at baseline and quarterly during
DCCT and annually in EDIC using high-
performance ion-exchange liquid chro-
matography, as previously described
(30). Systolic blood pressure (SBP) and
DBP were measured quarterly during
the DCCT and annually during EDIC. The
time-weighted mean values for HbA4,
SBP, and DBP were used, representing
the running means up to each study visit
in the DCCT and EDIC. Hypertension was
defined as sitting SBP =140 mmHg and/or
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DBP =90 mmHg or the use of antihyper-
tensive medication (31). B-Blocker use
was assessed annually because this is
known to have the most direct effect
on heart rate variability. Information on
additional medications such as tricyclics,
clonidine, angiotensin receptor blockers,
or ACE inhibitors was not available. In
addition, although neuropathic pain
was assessed, prevalence in our cohort
was quite low. Retinopathy was assessed
using 7-field stereoscopic fundus photo-
graphs that were centrally graded using
the Early Treatment Diabetic Retinopa-
thy Study scale. Albumin excretion rate
(AER) was measured in half of the cohort
annually. Nephropathy was defined as
microalbuminuria (AER 30-300 mg/24 h)
or albuminuria (AER >300 mg/24 h).

Statistical Analysis

Descriptive analysis examined the distri-
bution of demographic and clinical char-
acteristics, markers of diabetes control
and treatment, blood pressure control,
and neuropathy measures by FSD and Ul
status. The Kruskal-Wallis test assessed
differences in quantitative variables,
and the contingency x° test assessed
categoric variables. Multivariable logis-
tic regression models estimated the as-
sociations, using odds ratios and 95%
Cls, between quantitative and qualita-
tive neuropathy measures and the pres-
ence of FSD or Ul at EDIC year 17 after
adjustment for DCCT cohort assign-
ment, DCCT/EDIC time-weighted HbA,,
DCCT/EDIC time-weighted SBP, age, du-
ration of diabetes, BMI, smoking status,
drinking status, postmenopausal status,
parity, and any -blocker medication
use. Effects nominally significant at P =
0.05 are cited. Analyses were performed
using SAS 9.3 software (SAS Institute,
Inc., Cary, NC).

RESULTS

Table 1 summarizes the sociodemo-
graphic, clinical, and diabetic character-
istics of study participants by FSD and Ul
status. At EDIC year 17,153 participants
(41%) reported FSD and 172 (30%) re-
ported Ul. Women reporting FSD were
significantly older and more likely to be
married, postmenopausal, and nulliparous
than women without FSD. Those with Ul
had significantly higher BMI values than
those without UL.

Figure 2 depicts the prevalence of
the composite CAN outcome at DCCT

closeout and at EDIC year 13/14 and
16/17 among those with and without
FSD and Ul. The prevalence of CAN at
EDIC year 16/17 was significantly higher
(41% vs. 30%, P = 0.02) in women who
reported FSD at EDIC year 17 compared
with those without FSD. No difference
in prevalence of CAN at DCCT closeout
was observed by Ul status. The preva-
lence of CAN at EDIC year 13/14 was
significantly increased in women re-
porting Ul (42% vs. 29%, P = 0.004)
compared with those without Ul. This
increased prevalence of CAN was also
observed at EDIC year 16/17 in women
with Ul (44% vs. 38%, P=0.2); however, the
results were not statistically significant.

Individual measures of CAN by FSD
and Ul status are reported in Table 2.
Women who had a lower mean R-R var-
iation and R-R variation <15 at EDIC
year 13/14 were significantly more likely
to report FSD at EDIC year 17. All

100%
90%
80%
70%
60%
50%
40%

30% p=0.4

% Women with CAN

20%
10% 6% 8%

0%
DCCT closeout

No FSD

100%
90%
80%
70%
60%
50%

40%
p=0.9

% Women with CAN

30%

20%
10% 9%
10%

0%
DCCT closeout

No Ul

EDIC Year 13/14

EDIC Year 13/14
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guantitative and qualitative measures
of CAN at EDIC year 16/17, with the ex-
ception of the Valsalva ratio, were sig-
nificantly associated with report of FSD
at EDIC year 17. No differences in CAN
measures at DCCT closeout were ob-
served by Ul status reported at EDIC
year 17. Mean R-R variation and Valsalva
ratio at EDIC year 13/14 were lower in
women with Ul compared with those
without Ul. Similarly, a greater propor-
tion of women with Ul had R-R varia-
tion <15 and a Valsalva ratio <1.5 at
EDIC year 13/14. The mean Valsalva ra-
tio and the proportion of women with a
Valsalva ratio <1.5 at EDIC year 16/17
was significantly lower in women with
Ul than in those without UI.

Odds of FSD and Ul by quantitative
and qualitative CAN measures adjusted
for known risk factors of FSD and Ul, in-
cluding age, duration of diabetes, BMI,
postmenopausal status, parity, smoking

p=0.02

p=0.07

41%

31% 30%

23%

EDIC Year 16/17
FSD

p=0.2
p=0.004

42% 44%

38%

29%

EDIC Year 16/17
ul

Figure 2—Prevalence of CAN among women with FSD and Ul in DCCT/EDIC. CAN defined as an
R-R variation <15 or R-R variation between 15 and 19.9 plus a Valsalva ratio =1.5 or a supine-to-

standing drop of 10 mmHg in DBP (20).
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and alcohol consumption, DCCT/EDIC
time-weighted HbA,., the DCCT/EDIC
time-weighted SBP, and any B-blocker
medication use, are reported in Table
3. No statistically significant associa-
tions were observed between measures
of CAN at DCCT closeout and subse-
quent report of FSD or Ul. At EDIC year
13/14, there was a 68% increased odds
of having Ul with a Valsalva ratio =1.5
(odds ratio 1.68; 95% ClI 1.01, 2.78). At
both EDIC year 13/14 and EDIC year
16/17, a 5-unit increase in R-R variation
was associated with a 1.11 greater odds
of having FSD (P = 0.02 for both). The
remainder of the results were not statis-
tically significant.

CONCLUSIONS

This study examined the association be-
tween measures of CAN with FSD and Ul
among a large cohort of women with
long-standing T1IDM participating in
the DCCT/EDIC. We found that CAN
was significantly more prevalent among
women with FSD and/or Ul, because
41% of women with FSD and 44% with
Ul had positive measures of CAN com-
pared with 30% without FSD and 38%
without Ul at EDIC year 16/17. We
also observed bivariate associations
between FSD and several measures
of CAN, including R-R variation <15,

the mean R-R variation, and Valsalva
ratio =1.5, some as early as DCCT close-
out. Similar associations were observed
between CAN and Ul at EDIC year 13/14.
In multivariable analyses adjusting for
known risk factors, such as age, BMI,
postmenopausal status, parity, smok-
ing, alcohol consumption, HbA,., SBP,
duration of diabetes, and B-blocker
use, lower R-R variation at EDIC year
16/17 was associated with significantly
increased odds of FSD, and Valsalva
ratio =1.5 was associated with increased
odds of Ul at EDIC year 13/14. Although
autonomic dysfunction has been consid-
ered an important factor in the etiology of
many diabetic complications, including
constipation, exercise intolerance, blad-
der dysfunction, erectile dysfunction,
orthostatic hypotension, and impaired
neurovascular function, our study is among
the first to systematically demonstrate a
link between CAN and FSD in a large
cohort of well-characterized patients
with T1DM (14).

Compared with erectile dysfunction,
there are limited studies on the preva-
lence and predictors of FSD in diabetes.
No demographic or macrovascular/
microvascular complications have been
identified to be predictive of FSD in pre-
vious studies (6). Although FSD due to di-
abetes is likely multifactorial, a neurogenic

Hotaling and Associates

component has been proposed. A small
study found women with diabetes had re-
duced reflexive capillary engorgement
measured by vaginal photoplethysmogra-
phy in response to erotic stimuli compared
with control subjects without diabetes (8).
Another study evaluated biothesiometric
(vibratory) sensation of multiple genital
and extragenital sites among 30 women
with diabetes and 20 control subjects (7).
Although women with diabetes showed
significantly higher mean FSFI-R scores
and higher biothesiometric values (re-
duced sensation) at each genital and ex-
tragenital site, there was no significant
difference in biothesiometric values be-
tween women with diabetes with and
without FSD. Notable limitations of pre-
vious studies on FSD in women with di-
abetes include the small number of
subjects, incomplete evaluation of asso-
ciated diabetic complications, use of
nonvalidated questionnaires of FSD,
and failure to distinguish between
type 1 and type 2 diabetes (6). Several
of these limitations have been addressed
in the current study through use of a
well-characterized cohort of women
with TIDM and consistent measures of
CAN and associated diabetic complica-
tions. In contrast to prior studies, 47%
of the FSD patients had evidence of
CAN at EDIC year 16/17, which is a quite

Table 2—CAN measures at DCCT closeout and EDIC years 13/14 and 16/17 by FSD and UI status at EDIC Year 17

No FSD FSD No Ul ul
Neuropathy measures* (n =218) (n =153) P value (n =399) (n=172) P value
CAN measures at DCCT closeout
R-R variation 44.0 = 22.2 38.4 = 18.6 0.05 41.3 = 21.9 40.3 = 20.1 0.8
R-R variation <15 12 (6) 12 (9) 0.4 34 (10) 15 (10) 0.9
Valsalva ratio 2.1*+04 20*+04 0.6 20*04 20+ 04 0.7
Valsalva ratio =1.5 11 (6) 6 (5) 0.5 26 (8) 6 (4) 0.1
Composite CAN** 12 (6) 12 (8) 0.4 36 (10) 15 (9) 0.9
CAN measures at EDIC year 13/14
R-R variation 32.1 = 189 26.0 = 16.2 0.002 28.5 + 18.4 25.2 =+ 17.3 0.03
R-R variation <15 34 (17) 38 (26) 0.03 88 (24) 53 (33) 0.04
Valsalva ratio 1.8+ 04 1.8 £0.3 0.5 1.8+04 1.7 03 0.001
Valsalva ratio <1.5 43 (24) 33 (27) 0.5 76 (24) 57 (40) 0.001
Composite CAN** 46 (23) 45 (31) 0.07 106 (29) 68 (42) 0.004
CAN measures at EDIC year 16/17
R-R variation 29.4 £ 18.5 22.7 = 14.6 0.0008 25.5 = 17.2 22.6 £ 16.5 0.05
R-R variation <15 47 (23) 50 (35) 0.02 118 (31) 61 (38) 0.2
Valsalva ratio 1.8+ 0.4 1.7 £ 0.3 0.1 1.7 £0.3 1.6 = 0.3 0.02
Valsalva ratio =1.5 55 (29) 53 (39) 0.05 116 (33) 71 (46) 0.005
Composite CAN** 61 (30) 60 (41) 0.02 142 (38) 72 (44) 0.2

Data are mean = SD or n (%). Sample sizes may vary due to missing data. FSD defined as FSFI-R score =22.75. Ul defined as moderate to severe with a
Sandvik Severity Index =3. P values are based on the difference between those with and without FSD or Ul using the Wilcoxon rank sum test for
quantitative variables or the contingency x? for qualitative variables. *Sample sizes vary based on data availability for individual measures of

neuropathy. **Composite CAN defined as R-R variation <15 or R-R variation between 15 and 19.9 plus a Valsalva ratio =1.5 or a supine-to-standing

drop of 10 mmHg in DBP.
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Table 3—Multivariable-adjusted odds ratios* for UI and FSD at EDIC year 16/17 by

CAN measures at DCCT closeout and EDIC years 13/14 and 16/17

FSD (n = 153) vs. Ul (n=172) vs.
Neuropathy measures* no FSD (n=218) Pvalue noUl(n=399) Pvalue
CAN measures at DCCT closeout
R-R variation 1.03 (0.97-1.10) 0.4 0.99 (0.94-1.04) 0.6
R-R variation <15 1.01 (0.39-2.57) 0.9 0.83 (0.40-1.70) 0.6
Valsalva ratio 1.16 (0.83-1.63) 0.4 0.90 (0.69-1.17) 0.4
Valsalva ratio =1.5 0.74 (0.24-2.31) 0.6 0.40 (0.14-1.10) 0.07
Composite CAN** 1.00 (0.39-2.58) 0.9 0.78 (0.39-1.58) 0.5
CAN measures at EDIC year 13/14
R-R variation 1.11 (1.02-1.20) 0.02 1.01 (0.95-1.07) 0.8
R-R variation <15 1.82 (0.94-3.52) 0.08 1.13 (0.69-1.84) 0.6
Valsalva ratio 1.09 (0.75-1.59) 0.6 1.29 (0.92-1.80) 0.1
Valsalva ratio =1.5 1.01 (0.52-1.94) 0.9 1.68 (1.01-2.78) 0.05
Composite CAN** 1.51 (0.83-2.75) 0.2 1.32 (0.83-2.10) 0.2
CAN measures at EDIC year 16/17
R-R variation 1.11 (1.02-1.21) 0.02 1.01 (0.95-1.08) 0.7
R-R variation <15 1.80 (1.01-3.21) 0.05 1.03 (0.66-1.61) 0.9
Valsalva ratio 1.35 (0.90-2.04) 0.2 1.23 (0.87-1.73) 0.2
Valsalva ratio = 1.5 1.61 (0.92-2.84) 0.1 1.53 (0.98-2.39) 0.06
Composite CAN** 1.52 (0.89-2.61) 0.1  0.92(0.59-1.42) 0.7

Multivariable logistic regression model with Ul or FSD status as the dependent variable and

neuropathy measures as the independent variables. Data are odds ratios (95% Cls) from
separate multivariable logistic regression models. The odds ratios were evaluated according to
the presence or absence of an R-R <15, Valsalva =1.5, abnormal CAN function, or confirmed
clinical neuropathy or according to a 5-unit decrease in R-R variation or a half-unit decrease in
Valsalva ratio. Adjustments were made for DCCT cohort assighment, DCCT/EDIC time-weighted
HbA,., DCCT/EDIC time-weighted SBP, and the following EDIC year 17 characteristics: age,
duration of diabetes, BMI, smoking status, drinking status, postmenopausal status, parity, and
any B-blocker medication use. *Sample sizes vary based on data availability for individual
measures of CAN. **CAN defined as either R-R variation <15 or R-R variation between 15 and
19.9 plus a Valsalva ratio =1.5 or a supine-to-standing drop of 10 mmHg in DBP (20).

high prevalence overall compared with
reported prevalence rates of various
forms of autonomic neuropathy in gen-
eral in other cohorts of T1D and signifi-
cantly higher compared with those
without CAN (32).

Likewise, beyond studies of bladder
dysfunction and Ul prevalence, limited
data are available on mechanisms and
predictors of Ul among women with di-
abetes. Mechanistically, alterations in
bladder innervation, detrusor smooth
muscle function, and urothelial dysfunc-
tion may contribute to overall bladder
dysfunction and Ul (9,10). Physiologic
evaluation of autonomic neuropathy in
diabetes as a marker of bladder dysfunc-
tion has been explored in two previous
studies (11,12). In a study of 52 men
with diabetes, Bansal et al. (11) reported
an association between autonomic and
peripheral neuropathy and diabetic cyst-
opathy. Sympathetic skin response and
motor and sensory nerve condition stud-
ies from the hands and feet were moder-
ately predictive of urodynamic profiles,
consistent with diabetic cystopathy. Sim-
ilarly, Ueda et al. (12) found an association

between decreased sympathetic skin re-
sponse and cystometrogram findings in
23 patients with diabetes and 10 control
subjects. However, small sample sizes,
underrepresentation of female patients,
nonstandardized physiologic evaluations,
lack of distinction between type 1 and
type 2 diabetes, and the possible con-
founding relationship with obesity on Ul
are important limitations of these previ-
ous studies.

Therefore, these data demonstrating
associations between measures of Ul,
FSD, and CAN in our study provide new
insights into the natural history of vari-
ous forms of autonomic dysfunction and
the role of subclinical changes in mea-
sures of CAN that may predict the devel-
opment of FSD and Ul in women with
T1DM. Our findings suggest CAN mea-
sures may be sensitive markers of FSD
and Ul and may serve as potential clini-
cal indicators for implementing specific
prevention and treatment strategies
for FSD and Ul among women with
T1DM earlier in the course of the dis-
ease. However, given that only a few of
the CAN metrics were independently
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predictive of FSD and Ul, other factors
included in the multivariate models
may be contributing to the causal path-
way between CAN and these urologic
complications.

This study has several limitations. The
lack of FSD and Ul assessment at DCCT
closeout and EDIC year 13/14 and only
having concomitant CAN and FSD and Ul
evaluations at one time point are nota-
ble limitations. However, given the
mean age of 50.6 = 7.2 years at EDIC
year 17, the prevalence of FSD and Ul
at DCCT closeout was likely to be very
low. An adjustment for specific medica-
tions and cardiorespiratory fitness,
which may affect heart rate variability,
was not made and may confound test
measures of CAN. In addition, the cohort
primarily included Caucasian women,
which limits the generalizability of our
results to women with diabetes of other
races.

However, strengths of this study in-
clude the large sample size of women
with T1IDM, standardized CAN assess-
ments performed at more than one in-
stance during DCCT and EDIC, FSD and
Ul assessment using validated question-
naires, and concomitantly obtaining
CAN evaluation and FSD and Ul assess-
ments at EDIC year 16/17. In addition,
patients with TAIDM within DCCT/EDIC
have been carefully evaluated for
many associated cardiovascular risk fac-
tors, including blood pressure, lipids,
BMI, smoking, and other microvascular
and macrovascular complications.

Conclusion

In women with T1DM in the DCCT/EDIC,
we found associations of CAN with the
development of FSD and Ul. CAN and spe-
cific measures of CAN, including R-R vari-
ation and Valsalva ratio, may predict
development of FSD and Ul with long-
standing TAIDM and may be a useful sur-
rogate for generalized diabetic autonomic
neuropathy. Future studies evaluating sys-
tematic CAN evaluations for development
and progression of sexual and urinary dys-
function in diabetes are warranted.
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