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Objective: The purpose of this study was to evaluate the associations between blood
glucose and hemoglobin Alc (HbAlc) levels with the degree of stress urinary incontinence
(SUI) and urgency urinary incontinence (UUI) in women.

Methods: We conducted a cross-sectional study of female participants in the National
Health and Nutrition Examination Survey (NHANES) database between 2007 and 2012.
Univariate and multivariate logistic regressions were used to assess the relationship between
blood glucose and HbAlc levels and the degree of SUI and UUI.

Results: A total of 3821 participants were enrolled in the study, of whom 2421 (63.4%) had
no SUI, 1133 (29.7%) had monthly SUI, 267 (7.0%) had weekly SUI; 2883 (75.5%) had no
UUI, 735 (19.2%) had monthly UUI 203 (5.3%) had weekly UUIL The levels of blood
glucose and HbAlc were positively correlated with SUI and UUI, and increased with
increasing degree of UUI. Multivariate logistic regression showed that there was a positive
association between blood HbAlc level and degree of SUL

Conclusion: Our study found that blood glucose and HbA1c levels can be used as indicators
of SUI and UUI severity in women.

Keywords: blood glucose, hemoglobin Alc, national health and nutrition examination

survey, stress urinary incontinence, urgency urinary incontinence

Introduction
Urinary incontinence (UI) is one of the most common pelvic floor diseases affecting
women’s health, and it is very common in women.' The estimated prevalence of UI
ranges from 10% to 40%, with the prevalence of about 10% in women aged 15-19
years, 30—40% in perimenopausal women, and more than 50% in women aged 70
years or older, with a steadily increasing prevalence.”* It was defined as a disease
that “constitutes a social and health problem, and it can be objectively confirmed
that there is involuntary urine outflow” by The International Continence Society
(ICS).* The prevalence of Ul is high in the community and it increases with age. In
particular, there is a greater proportion with prevalence of Ul in elderly patients in
nursing homes or patients with dementia or cognitive impairment.’ ‘6 UI not only
damages patients’ physical function but also has a serious negative impact on
patients’ psychological state and quality of life.”®

UI was divided into three types: stress urinary incontinence (SUI), urgency
urinary incontinence (UUI) and mixed urinary incontinence (MUI). And also, MUI
was accompanied by the symptoms of SUI and UUI SUI, also known as active Ul,
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is involuntary incontinence due to exertion, physical activ-
ity, sneezing or coughing in the absence of bladder con-
traction. UUI is involuntary incontinence, which can occur
when strong, sudden voiding causes bladder contractions
or spasms. And, MUI is an involuntary incontinence asso-
effort,
coughing.”'® Although UI is not life-threatening, its hid-

ciated with urgency, physical sneezing or

den troubles have seriously affected patients’ normal
social activities, physical exercise and sexual life."" 3
Due to insufficient understanding, few affected women
seek help. So, Ul has gradually become a health burden
bothering women and the elderly.'*

The development of Ul in women is affected by many
factors. Current research shows that the possible risk fac-
tors include family history, age, delivery mode, smoking,
obesity and coexisting medical conditions, such as
diabetes.'>™'® UI is common in older adults with diabetes,
and they require home health care services.'® Some studies
have shown that gestational diabetes increases the risk of
Ul in the 2 years after delivery.”® And there is also evi-
dence that the incidence of Ul in women with type 2
diabetes is 50% to 200% higher than in women with
normal blood glucose levels.?' Little is known about the
effect of diabetes control on the severity of Ul in women.
The purpose of this study was to determine whether the
levels of blood glucose and hemoglobin Alc (HbAlc)

were related to the severity of Ul in women.

Methods

Patients Selection

The analysis was performed using the 2007-2012 National
Health and Nutrition Examination Survey (NHANES) data-
base (www.cdc.gov/nchs/nhanes/index.htm). NHANES is
a nationally representative US database collected using

a multi-stage hierarchical probabilistic clustering design to
assess the health and nutritional status of noninstitutionalized
civilians.

A total of 15,265 women participated in the study during
the period 2007-2012, of which 6354 had complete survey
data. The exclusion criteria were as follows: a) incomplete
SUI/UUI survey (n = 7636); b) incomplete SUI/UUI degree
(n =9); ¢) unknown glucose (n = 444); d) unknown HbAlc
(n = 84); e) unknown family poverty ratio (n = 592); f)
unknown blood urea nitrogen/creatinine/uric acid (n = 108);
g) unknown education levels (n = 38); h) comorbid neuro-
logical diseases (n = 23); 1) obese participants (n = 2510).

As public data files were used, further ethical review
by the Ethics Committee of the Affiliated Zhongda
Hospital of Southeast University was not required for
these analyses.

Assessments

Blood glucose and HbAlc levels were the main predictors
of the measurements in this study. Blood glucose was
measured using the hexokinase reference method and cali-
brated using a regression equation recommended by the
National Cancer Research Center.”” HbA lc was calculated
in whole blood samples using an automatic glycated
hemoglobin analyzer and calibrated using an equal percen-
tage equivalent method.”> We divided our blood glucose
levels into three tertiles (<86 mg/dL, 8697 mg/dL and
>97 mg/dL). For HbAlc levels, we defined that less than
5.7 was normal, 5.7-6.5 was pre-diabetes and 6.5 or
greater was diabetes mellitus.”* Other covariates included
age (2039 years, 40-59 years and 60+ years), race (Non-
Hispanic white, Non-Hispanic black, Mexican American,
and others), marital status (married, unmarried and others),
education level (less than high school, high school or
equivalent, college or above), participation in moderate
or vigorous recreational activities (yes or no), blood urea
nitrogen, creatinine, uric acid and estimated glomerular
filtration rate (eGFR).”> Hypertension and diabetes were
defined after being diagnosed by doctors.

UI was assessed for effective self-reporting problems
used in previous studies.”® We define SUI as leaked or lost
control of even a small amount of urine with an activity
like coughing, lifting or exercise during the past 12
months. UUI is defined as leaked or lost control of even
a small amount of urine with an urge or pressure to urinate
and could not get to the toilet fast enough. In terms of
clinical significance, we selected weekly or monthly epi-
sodes of Ul as our primary outcome.

Statistical Analysis
All analyses were carried out using R version 3.5.3 (http://
www.r-project.org/) and SPSS software (version 24.0).

Mean + standard deviation was used to describe the distribu-
tion of continuous variables, and proportion was used to
calculate the distribution of classified variables. For catego-
rical variables, P values were analyzed by chi-square tests.
For continuous variables, the #-test for slope was used in
generalized linear models. Risk factors for Ul were assessed
using a logistic regression model and calculated adjusted
odds ratios (aOR) and 95% confidence intervals (CI). We
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constructed three logical regression models to evaluate the
effect of blood glucose on the severity of UI in women. In
the basic model, we adjusted the age, gender, marital status,
education and family poverty ratio of the participants.
Subsequently, taking into account the living conditions of
the participants, we further adjusted diabetes, hypertension,
and vigorous and moderate recreational activities in the core
model. Finally, in the extended model, we adjusted blood
urea nitrogen, creatinine, uric acid and eGFR. All statistical
analyses with P-value <0.05 (two-sided) was considered
statistically significant.

Results
General Characteristics of All

Participants

According to the screening criteria in Figure 1, we included
3821 eligible participants for SUI and UUI in the NHANES
database from 2007 to 2012, of whom 2421 (63.4%) had no
SUL, 1133 (29.7%) had monthly SUI, 267 (7.0%) had
weekly SUI; 2883 (75.5%) had no UUI, 735 (19.2%) had
monthly UUI, 203 (5.3%) had weekly UUI. Tables 1 and 2
show the characteristics of female survey respondents in
each category. The chi-square test in Table 1 shows signifi-
cant differences in SUI severity for all variables (All p <

0.05), and Table 2 shows that the severity of UUI is sig-
nificantly different for all variables except marital status (All
p < 0.05). The proportion of >60 years of age increased with
the degree of SUI (no SUIL: 29.4% vs monthly SUI: 35.0%
vs weekly SUI: 45.3%), and the same trend applied to the
UUI group (no SUI: 25.5% vs monthly SUIL: 48.6% vs
weekly SUIL: 67.0%). We also found that in participants
with diabetic and pre-diabetic, the degree of SUI and UUI
intensified as HbAlc and blood glucose levels increased.

Association Between Glucose, HbAlc
and SUI or UUI

Subsequently, we focused on the levels of glucose and
HbAlc in SUI and UUI participants. Figure 2 reveals
that the levels of blood glucose (93.44+29.89, 94.12
+25.17, 101.39+£33.73) and HbAlc (5.50+0.86, 5.61
+0.85, 5.72+0.93) increased gradually in the no SUI
group, monthly SUI group and weekly SUI group, and
this trend was also seen in the UUI (glucose: 92.52
+26.76, 97.93+£32.64, 104.53+39.26; HbAlc: 5.47+0.81,
5.74+0.97, 5.88+0.98), all of which were statistically sig-
nificant. In addition, we found that the proportion of the
group with blood glucose >97 mg/dL and HbAlc >6.5
increased with increasing degree of SUI and UUI
(Figure 3).

NHANES 2007-2012 female participants
n =15 265

Exclude incomplete SUI/UUI survey (n =7 636)

Exclude incomplete SUI/UUI degree (n =9)

Exclude unknown glucose (n = 444)

Exclude unknown HbA1c (n = 84)

Exclude unknown blood urea nitrogen/creatinine/uric acid (n = 108

Exclude unknown education levels (n = 38)

Exclude participants with comorbid neurological diseases (n = 23)

AN S N A N R

|

|

|

|

Exclude unknown family poverty ratio (n = 592) |
) |

|

|

|

Exclude obese participants (n = 2 510)

Female participants included in analytic cohort
n =3 821

2 421 No SUI + 1 133 Monthly SUI + 267 Weekly SUI | l 2 883 No UUI + 735 Monthly UUI + 203 Weekly UUI

Figure | Schematic flow diagram of inclusion and exclusion criteria for our study cohort.
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Table | Baseline Characteristics of All Participants According to SUI in Our Study

Characteristic All Participants SUI P value
No SUI Monthly SUI Weekly SUI
No. (%) No. (%) No. (%)

Total participants 3821 2421 (63.4) 1133 (29.7) 267 (7.0)

Age, y <0.001
Mean, SD 4861, 18.38 46.24, 19.05 51.72, 16.37 56.82, 15.79 <0.001
20-39 1402 (36.7) 1065 (44.0) 295 (26.0) 42 (15.7)

40-59 1190 (31.1) 644 (26.6) 442 (39.0) 104 (39.0)
260 1229 (32.2) 712 (294) 396 (35.0) 121 (45.3)

Race <0.001
Non-Hispanic white 1945 (50.9) 1187 (49.0) 607 (53.6) 151 (56.6)

Non-Hispanic black 587 (15.4) 449 (18.5) 114 (10.1) 24 (9.0)
Mexican American 509 (13.3) 284 (11.7) 188 (16.6) 37 (13.9)
Others 780 (20.4) 501 (20.7) 224 (19.8) 55 (20.6)

Marital status <0.001
Married 1864 (48.8) 1089 (45.0) 638 (56.3) 137 (51.3)

Unmarried/Others 1957 (51.2) 1332 (55.0) 495 (43.7) 130 (48.7)

Education <0.001
Less than high school 863 (22.6) 505 (20.9) 261 (23.0) 97 (36.3)

High school or equivalent 798 (20.9) 500 (20.7) 254 (22.4) 44 (16.5)
College or above 2160 (56.5) 1416 (58.5) 618 (54.5) 126 (47.2)

Family poverty ratio (%) 0.002
< 1.3% 1154 (30.2) 745 (30.8) 306 (27.0) 103 (38.6)
1.3-3.5% 1408 (36.8) 905 (37.4) 418 (36.9) 85 (31.8)
> 3.5% 1259 (32.9) 771 (31.8) 409 (36.1) 79 (29.6)

HbAlc <0.001
Mean, SD 5.55, 0.86 5.50, 0.86 5.61, 0.85 572,093 <0.001
Normal (<5.7) 2714 (71.0) 1800 (74.3) 508 (55.8) 113 (57.7)

Prediabetes (5.7-6.5) 911 (23.8) 765 (67.5) 316 (34.7) 52 (26.5)
Diabetes mellitus (26.5) 196 (5.1) 149 (55.8) 87 (9.5) 31 (15.8)

Hypertension <0.001
Yes 1041 (27.2) 590 (24.4) 342 (30.2) 109 (40.8)

No 2780 (72.8) 1831 (75.6) 791 (69.8) 158 (59.2)

Diabetes 0.001
Yes 240 (6.3) 141 (5.8) 68 (6.0) 31 (11.6)

No 3581 (93.7) 2280 (94.2) 1065 (94.0) 236 (88.4)

Vigorous recreational activities 0.004
Yes 736 (19.3) 501 (20.7) 199 (17.6) 36 (13.5)

No 3085 (80.7) 1920 (79.3) 934 (82.4) 231 (86.5)

Moderate recreational activities 0.012
Yes 1670 (43.7) 1064 (43.9) 512 (45.2) 94 (35.2)

No 2151 (56.3) 1357 (56.1) 621 (54.8) 173 (64.8)
(Continued)
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Table | (Continued).

Characteristic All Participants SuUI P value

No SUI Monthly SUI Weekly SUI
No. (%) No. (%) No. (%)

Glucose, mg/dL <0.001
Mean, SD 94.20, 28.93 93.44, 29.89 94.12, 25.17 101.39, 33.73 0.001
Tertile 1 (<86) 1468 (38.4) 986 (40.7) 404 (35.7) 78 (29.2)

Tertile 2 (86-97) 1365 (35.7) 864 (35.7) 418 (36.9) 83 (31.1)
Tertile 3 (>97) 988 (25.9) 571 (23.6) 311 (27.4) 106 (39.7)

Blood urea nitrogen (mmol/L) 12.27, 5.50 12.01, 5.47 12.57, 5.30 13.43, 6.39 <0.001

Creatinine (mg/dL) 0.98, 0.32 0.99, 0.35 0.97, 0.24 0.96, 0.24 0.049

Uric acid (mg/dL) 4.59, 1.22 4.53, 1.19 4.68, 1.28 4.69, 1.24 0.001

eGFR 95.94, 24.33 98.25, 24.85 92.64, 22.66 89.07, 23.54 <0.001

Notes: For categorical variables, P values were analyzed by chi-square tests. For continuous variables, the t-test for slope was used in generalized linear models. Continuous
data are presented as the mean, standard deviation and categorical data as n (%).
Abbreviation: SUI, stress urinary incontinence.

Table 2 Baseline Characteristics of All Participants According to UUI in Our Study

Characteristic All Participants uUul P value
No UUI Monthly SUI Weekly SUI
No. (%) No. (%) No. (%)

Total participants 3821 2883 (75.5) 735 (19.2) 203 (5.3)

Age, y <0.001
Mean, SD 48.61, 18.38 45.60, 17.73 56.26, 17.32 63.61, 15.63 <0.001
20-39 1402 (36.7) 1247 (43.3) 138 (18.8) 17 (8.4)

40-59 1190 (31.1) 900 (31.2) 240 (32.7) 50 (24.6)
260 1229 (32.2) 736 (25.5) 357 (48.6) 136 (67.0)

Race 0.012
Non-Hispanic white 1945 (50.9) 1448 (50.2) 382 (52.0) 115 (56.7)

Non-Hispanic black 587 (15.4) 424 (14.7) 137 (18.6) 26 (12.8)
Mexican American 509 (13.3) 391 (13.6) 94 (12.8) 24 (11.8)
Others 780 (20.4) 620 (21.5) 122 (16.6) 38 (18.7)

Marital status 0.074
Married 1864 (48.8) 1435 (49.8) 341 (46.4) 88 (43.3)

Unmarried/Others 1957 (51.2) 1448 (50.2) 394 (53.6) 115 (56.7)

Education <0.001
Less than high school 863 (22.6) 594 (20.6) 196 (26.7) 73 (36.0)

High school or equivalent 798 (20.9) 588 (20.4) 165 (22.4) 45 (22.2)
College or above 2160 (56.5) 1701 (59.0) 374 (50.9) 85 (41.9)

Family poverty ratio (%) 0.001
< 1.3% 1154 (30.2) 851 (29.5) 226 (30.7) 77 (37.9)
1.3-3.5% 1408 (36.8) 1037 (36.0) 291 (39.6) 80 (39.4)
= 3.5% 1259 (32.9) 995 (34.5) 218 (29.7) 46 (22.7)

(Continued)
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Table 2 (Continued).

Characteristic All Participants UuUlI P value
No UUI Monthly SUI Weekly SUI
No. (%) No. (%) No. (%)

HbAlc <0.001
Mean, SD 5.55, 0.86 5.47, 0.8l 5.74,0.97 5.88, 0.98 <0.001
Normal (<5.7) 2714 (71.0) 2175 (75.4) 442 (60.1) 97 (47.8)

Prediabetes (5.7-6.5) 911 (23.8) 590 (20.5) 242 (32.9) 79 (38.9)
Diabetes mellitus (26.5) 196 (5.1) 118 (4.1) 51 (6.9) 27 (13.3)

Hypertension <0.001
Yes 1041 (27.2) 647 (22.4) 295 (40.1) 99 (48.8)

No 2780 (72.8) 2236 (77.6) 440 (59.9) 104 (51.2)

Diabetes <0.001
Yes 240 (6.3) 138 (4.8) 60 (8.2) 42 (20.7)

No 3581 (93.7) 2745 (95.2) 675 (91.8) 161 (79.3)

Vigorous recreational activities <0.001
Yes 736 (19.3) 630 (21.9) 98 (13.3) 8 (3.9)

No 3085 (80.7) 2253 (78.1) 637 (86.7) 195 (96.1)

Moderate recreational activities <0.001
Yes 1670 (43.7) 1316 (45.6) 292 (39.7) 62 (30.5)

No 2151 (56.3) 1567 (54.4) 443 (60.3) 141 (69.5)

Glucose, mg/dL <0.001
Mean, SD 94.20, 28.93 92.52, 26.76 97.93, 32.64 104.53, 39.26 <0.001
Tertile | (<86) 1468 (38.4) 1192 (41.3) 221 (30.1) 55 (27.1)

Tertile 2 (86-97) 1365 (35.7) 1014 (35.2) 285 (38.8) 66 (32.5)
Tertile 3 (>97) 988 (25.9) 677 (23.5) 229 (31.2) 82 (40.4)

Blood urea nitrogen (mmol/L) 12.27, 5.50 11.90, 5.22 12.87, 5.63 15.47, 7.47 <0.001

Creatinine (mg/dL) 0.98, 0.32 0.98, 0.31 0.99, 0.26 1.04, 0.49 0.008

Uric acid (mg/dL) 4.59, 1.22 4.52, 1.18 4.74, 1.34 5.03, 1.29 <0.001

eGFR 95.94, 24.33 98.81, 23.58 89.08, 24.23 80.08, 24.14 <0.001

Notes: For categorical variables, P values were analyzed by chi-square tests. For continuous variables, the t-test for slope was used in generalized linear models. Continuous

data are presented as the mean, standard deviation and categorical data as n (%).
Abbreviation: UUI, urgency urinary incontinence.

Risk Factors for Patients with SUI and
UuUl

Univariate regression analysis showed that blood glucose
and HbAlc levels were positively associated with the
degree of SUI and UUI, and that the degree of SUI and
UUI increased with increasing blood glucose and HbAlc
levels (Table 3). In addition, three multivariate logistic
regression models were constructed to assess the asso-
ciation of blood glucose and HbAlc with the degree of
SUI and UUI (Figure 4 and Table 3). The results showed
that blood HbAlc was positively associated with the

severity of SUI in both the base model (prediabetes vs
normal: aOR 1.246, 95% CI=1.052—-1.476, p=0.042; dia-
betes mellitus vs normal: aOR 1.376, 95% CI=1.012—
1.870, p=0.011), core model (diabetes mellitus vs nor-
mal: aOR 1.379, 95% CI=1.048-1.994, p=0.013) and
extended model (diabetes mellitus vs normal: aOR
1.320, 95% CI=1.034-1.914, p=0.019) (Table 3).

Discussion
Our study revealed that blood glucose and HbAlc levels
could be used as indicators of SUI and UUI severity in
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Figure 2 The values of glucose and HbA I c in SUI and UUI groups. (A) Glucose in SUI group; (B) HbAlc in SUI group; (C) Glucose in UUI group; (D) HbAIc in UUI group.

#P<0.01; ¥*P<0.001.

women. In the study of the NHANES 2007-2012 sample,
nearly two out of five women reported weekly or monthly
UL. As blood glucose and HbA1c levels increased, the more
severe SUI and UUI became. Our study looked at the effect
of blood glucose and HbAlc levels on SUI and UUI, and
this study may provide guidance for the control of UL

UI refers to the involuntary leakage of urine through
the urethra, which is caused by excessive bladder pressure
and/or excessively low urethral pressure. The older you
are, the higher the incidence is, and it is more common in
women than men.?” As Ul is not a life-threatening disease,
the prognosis is relatively good.”®*° Epidemiological stu-
dies have shown that one in three women has varying
degrees of Ul, more than half of whom are SUI. At pre-
sent, there are many factors that induce female Ul, such as
age, overweight, family history, menopause, delivery and
delivery times. Among which diabetes is the most impor-
tant factor.** 2

With the increase in age, the bladder’s ability to store
urine will decrease, and the bladder will contract more
frequently, which will easily lead to Ul In Dr. Yuko

Komesu’s study, women <65 years of age had a 7.49
(95% CI, —3.23 to —11.74) score reduction in the short-
form symptom distress score of the overactive bladder
questionnaire compared with women >65 years of age,
regardless of treatment group. Young women are more
likely to control UI, improve symptoms quickly, and
have fewer urinary tract infections.®® In our study, it was
also found that the severity of SUI and UUI increased with
age in people over 60 years old (29.4% vs 35.0% vs
45.3%, 25.5% vs 48.6% vs 67.0%). Based on the findings
from previous studies, the occurrence of Ul in the marital
0.001) had statistical
significance.’* As found in our study, married people

status of elderly women (P =

suffered weekly less from SUI or UUI than unmarried/
others. This phenomenon may benefit from the careful
care, financial support and psychological counseling of
the partners in the marriage.

Previous studies have shown that the prevalence of
Ul in diabetic women is increasing.***>*® By analyz-
ing data from 7270 women in the NHANES database,

137

Wang et al”’ found a 13% increased risk of Ul for each
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Figure 3 The proportion of glucose and HbAIc in SUI and UUI groups. (A). Glucose in

group.

one-unit increase in HbAlc, including a 34% increased
risk of SUI, but no association with UUI or MUI. Lee
et al’® investigated data from 6026 older women and
found that HbAlc levels were not associated with the
presence or absence of Ul, but among women with UI,
poor glycemic control (HbAlc >9%) was associated
with more restriction of daily activities. Blood glucose
and HbAlc levels were the focus of the study.
However, in our study, we found a direct correlation
between blood glucose and HbAlc and severity of UI,
and increases in blood glucose and HbAlc levels may
increase the severity of U, both in SUI and UUI. This
suggests that good glucose management should be con-
sidered as an effective tool for Ul prevention. For
women with Ul, improved glycemic control is often
advocated as a means to improve the symptoms and
frequency of Ul In this regard, monitoring of blood

Percent

SUI-HbA1c

Bm Normal

80— .
74.3 Bl Prediabetes
67.5 . .

B Diabetes mellitus
60 55.8
40

32.6
27.9

No SUI Monthly SUI Weekly SUI

UUI-HbA1c
EE Normal
El Prediabetes
Bl Diabetes mellitus

100

80

No UUI

Monthly UUI Weekly UUI

SUI group; (B) HbAIc in SUI group; (C) Glucose in UUI group; (D) HbAlc in UUI

glucose and HbAlc is more important. Poor glycemic
control (glucose >97 mg/dL) and HbAlc (>6.5) control
may exacerbate the symptoms and frequency of pre-
existing UI. Since Ul is a common condition in
women, better glycemic control (glucose <86 mg/dL)
and HbAlc (<5.7) control may reduce the occurrence
of UL

There are also shortcomings in our research. First, the
data used in this study were cross-sectional and lacked
prospective studies. Second, the presence or absence of
UI was based on participants’ self-report and lacked objec-
tive measures. In addition, we were unable to obtain treat-
ment-related information for Ul participants.

In conclusion, increasing blood glucose and HbAlc
levels are associated with SUI and UUI severity in women.
This indicates that lifestyle intervention in this high-risk
group is helpful to improve the severity of Ul in the future.
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Figure 4 Forest plots of the different glucose and HbAIc groups with the degree of SUI and UULI. (A) Glucose in SUI group; (B) HbAlc in SUI group; (C) Glucose in UUI

group; (D) HbAlc in UUI group.
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