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Abstract

Background: Diabetic patients often develop urinary tract infections
(UTTI). Diabetic patients are also likely to develop mental illness, and
psychotropic drugs have anticholinergic adverse effects such as uri-
nary disturbance. We aimed to elucidate the risk factors of asympto-
matic pyuria in patients with type 2 diabetes.

Methods: We picked up outpatients with type 2 diabetes who visited
the Department of Internal Medicine for the first time, from December
2010 to November 2012 for the treatment of diabetes and completed
the questionnaire to obtain the medical history. We obtained clinical
information from medical records and questionnaires. Urine leuko-
cytes > 10/high-power field was defined as pyuria. Comparisons such
as pyuria group vs. non-pyuria group and non-mental illness group vs.
mood disorder group vs. schizophrenia group were performed.

Results: One hundred twenty-one patients were eligible. Sixty-nine
were males, 52 were females, mean age was 63 years. There were
48 patients who had mental illness. The duration of diabetes was 5.1
years, hemoglobin Alc (HbAlc) was 8.5%. Prevalence of pyuria
was 15.7%. Mean age in non-pyuria group was 62.8 years old, and
65.1 years old in pyuria group. Proportion of female (84%) in pyuria
group was significantly higher than non-pyuria group. Patients with
pyuria significantly more often had mental illness and psychotropic
drugs prescription than patients without pyuria. Duration of diabetes
in non-pyuria group was 5.3 years and that in pyuria group was 4.0
years. Coefficient of variations of R-R intervals (CVR-R) in electro-
cardiogram (ECQ), an index of autonomic nervous dysfunction, was
3.2% in non-pyuria group and 1.8% in pyuria group. Pyuria group
had significantly higher prevalence of autonomic nervous dysfunc-
tion. Coexistence of mental illness and lower CVR-R were associated
with risk of pyuria in female diabetic patients.
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Conclusions: In addition to female sex, autonomic neuropathy and
mental illness were significant risk factors for pyuria in patients with
type 2 diabetes. To elucidate this association, further studies, prefer-
ably with larger numbers of subjects, will be needed.
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Introduction

Urinary tract infections (UTI) such as pyelonephritis and cysti-
tis are common in diabetic patients. Various impairments in the
immune system, poor metabolic control, and incomplete blad-
der emptying due to autonomic neuropathy may contribute to
the enhanced risk of UTT in diabetic patients [1].

Sodium glucose cotransporter-2 (SGLT-2) inhibitors,
which promote excretion of glucose into urine, have been used
since 2014 in Japan. We will face the increase of UTI in pa-
tients with diabetes.

Ten to thirty percent of patients with diabetes have asymp-
tomatic pyuria [2, 3]. Female, aging, longer duration of dia-
betes and presence of diabetic complications are considered
as risk factors in previous studies [2, 3]. However, there have
been only a few studies.

Diabetic patients often develop mental illness. Psycho-
tropic drugs have anticholinergic adverse effects such as uri-
nary disturbance [4]. However, there are no studies that inves-
tigated the association between mental illness and pyuria.

We aimed to elucidate the risk factors for asymptomatic
pyuria in patients with type 2 diabetes, and identify the patients
who should be paid attention for the occurrence of UTIL.

Patients and Methods

This study is a retrospective observational study. We picked up
outpatients with type 2 diabetes who visited the Department of
Internal Medicine for the first time, from December 2010 to
November 2012 for the treatment of diabetes and completed
the questionnaire to obtain the medical history. We excluded
patients who did not have urinary sediment data at the first
visit, and patients who had used antibiotics within 1 month
and patients who already had cystitis or pyelonephritis at the
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Figure 1. The recruitment of studied subjects.

first visit.

We obtained some clinical information from medical re-
cords and questionnaires; patient’s backgrounds (age, gender,
height, weight, body mass index (BMI), medication, coexist-
ing illness, mental illness); diabetic complications (retinopa-
thy, nephropathy, neuropathy assessed by using coefficient
of variations of R-R intervals (CVR-R) in electrocardiogram
(ECQG)); blood and urine tests. We used CVR-R as the marker
for autonomic nervous dysfunction. The variations of the time
interval between heartbeats are physiological. The decrease of
CVR-R suggests the presence of autonomic nervous distur-
bance. According to the previous study [5], we adopted more
than 2% as the normal range of CVR-R.

Urine leukocytes > 10/high-power field was defined as
pyuria [2]. Comparisons such as pyuria group vs. non-pyuria
group and non-mental illness group vs. mood disorder group
vs. schizophrenia group were performed. Chi-square test, ¢-
test, Fisher exact probability test, analysis of variance, Games-
Howell multiple comparison were used. P < 0.05 was consid-
ered to be statistically significant. Statistical software IBM
SPSS Statistics 22 was used.

This study was approved by the Institutional Ethics Com-
mittee in National Center for Global Health and Medicine
(NCGM-G-001527), and was also performed in accordance
with the Declaration of Helsinki.

Results

The recruitment of studied subjects was shown in Figure 1. In
141 patients who visited the Department of Internal Medicine
for the first time from December 2010 to November 2012 for
the management of diabetes, 20 patients were excluded, 121
were eligible. Characteristics of studied subjects were shown
in Table 1. Sixty-nine were males, 52 were females, mean age
was 63 years old. There were 48 patients who had mental ill-
ness. The duration of diabetes was 5.1 years, hemoglobin Alc
(HbA1c) was 8.5%. Prevalence of pyuria was 15.7%.

Comparison of clinical characteristics between non-pyuria
group and pyuria group was shown in Table 2. Mean age in
non-pyuria group was 62.8 years old, and 65.1 years old in
pyuria group, and there was no significant difference. Propor-
tion of female was 84% in pyuria group. This was significantly
higher than non-pyuria group. Patients with pyuria signifi-
cantly more often had mental illness and psychotropic drugs
prescription than patients without pyuria.

Comparison of diabetic complications between non-pyu-
ria group and pyuria group was shown in Table 3. Duration of
diabetes in non-pyuria group was 5.3 years and that in pyuria
group was 4.0 years. CVR-R in pyuria group (1.8%) was sig-

Table 1. Characteristics of Studied Subjects

Gender (male/female) 69/52
Age (year) 632+134
Weight (kg) 67.0+16.2
BMI (kg/m2) 26.0+5.7
Mental illness (n) 48
Duration of diabetes (year) 5.1£75
HbAlc (%) 85+2.1
Plasma glucose (mg/dL) 197 + 95
Urine leukocytes (/HPF)

<1 66

1-4 25

5-9 11

10-29 11

30-49 4

50-99 3

>100 1

Total 121
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Table 2. Comparison of Clinical Characteristics Between Non-Pyuria Group and Pyuria Group

Non-pyuria (n = 102) Pyuria (n =19) P value
Age (year) 62.8+12.7 65.1+17.2 0.60
> 65 years old (%) 51.0 63.2 0.33
Female (%) 353 84.2 <0.01
Weight (kg) 67.3+£16.4 65.3+15.5 0.62
Waist circumference (cm) (n = 99) 92.1 96.1 0.32
BMI (kg/m?) 25.6+5.6 27.7+6.2 0.16
Mental illness (%) 353 63.2 0.02
Taking psychotropic drugs (%) 333 57.9 0.04
Duration of mental illness (year) 17.7+14.3 16.9+17.0 0.85
BMI: body mass index.
Table 3. Comparison of Diabetic Complications Between Non-Pyuria Group and Pyuria Group
Non-pyuria (n = 102) Pyuria (n = 19) P value

Duration of diabetes (year) 53+£7.6 4.0+72 0.483
Numbness (%) 19.6 21.1 0.309
CVR-R (%) (n=79) 32+2.0(n=67) 1.8+ 1.1 (n=12) 0.002
CVR-R > 2% (%) 67.2 (n=45) 333 (n=4) 0.049
CVR-R < 2% (%) 32.8(n=22) 66.7 (n=8) 0.049
Use of laxatives (%) 9.8 21.1 0.232
Retinopathy (%) (n = 74) 13.7 10.5 0.703

CVR-R: coefficient of variations of R-R intervals.

nificantly lower than in non-pyuria group (3.2%). We adopted
the cut-off value of lower than 2% in CVR-R to determine the
autonomic nervous dysfunction [5]. Patients with pyuria sig-
nificantly more often had autonomic nervous dysfunction than
patients without pyuria. There were no significant differences
in the symptom of numbness, use of laxatives and retinopathy
between two groups.

Comparison of laboratory data between non-pyuria group
and pyuria group was shown in Table 4. Glucosuria, plasma
glucose, HbAlc were similar between two groups. Compar-
ison of data between non-pyuria group and pyuria group in
female patients was shown in Table 5. We analyzed data in
female alone because female sex was a possible cofounding

factor. Coexistence of mental illness and low CVR-R were sig-
nificantly associated with the development of pyuria in female
diabetic patients.

Coexisting mental illness in studied subjects were shown
in Figure 2. Proportion of patients with mental illness was
40%. Nineteen percent was schizophrenia and 17% was mood
disorder. Differences in clinical characteristics among patients
with non-mental illness, mood disorder and schizophrenia were
shown in Table 6. Prevalence of pyuria was 21% in schizo-
phrenia group; however, the difference was not significant. The
proportions of female were not different among three groups.
Schizophrenia patients were younger and had higher BMI.

Differences in clinical characteristics among patients with

Table 4. Comparison of Laboratory Data Between Non-Pyuria Group and Pyuria Group

Non-pyuria (n = 102) Pyuria (n =19) P value
eGFR (mL/min) 82.1+21.8 72.6 +£25.7 0.10
Cre (mg/dL) 0.72+0.17 0.74+0.3 0.67
BUN (mg/dL) 146+53 145+£5.0 0.92
Proteinuria (%) 16.7 31.6 0.20
Glucosuria (%) 42.2 42.1 1.00
Plasma glucose (mg/dL) 199 + 100 190 + 63 0.70
HbAlc (%) (n=120) 85+22 84+1.5 0.80

Cre: creatinine; eGFR: estimated glomerular filtration rate; BUN: blood urea nitrogen; HbA1c: hemoglobin A1c.
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Table 5. Comparison of Data Between Non-Pyuria Group and
Pyuria Group in Female Patients

Non-pyuria Pyuria

(n=36) m=16 'Yale
Mental illness (%) 36.1 75.0 0.01
CVR-R < 2% (%) 18.2 72.7 <0.01
CVR-R (%) 3.5 1.5 <0.01

CVR-R: coefficient of variations of R-R intervals.

non-mental illness, mood disorder and schizophrenia were
shown in Table 7. Schizophrenia patients more often used lax-
atives, which suggested the existence of diabetic neuropathy,
however, CVR-R were not different. There were no significant
differences in plasma glucose and HbA 1¢ among three groups.

Discussion

The number of studies on the risk factors of asymptomatic
pyuria in patients with type 2 diabetes was very limited. Com-
parison of results between previous studies and present study
was shown in Table 8 [2, 3]. Nakano et al studied only fe-
male patients, and found that diabetic women more often had
asymptomatic pyuria than non-diabetic women (27.9% vs.
15.9%, P < 0.001) [2]. They also found that the prevalence
of asymptomatic pyuria was significantly increased in patients
with duration of diabetes exceeding 15 years. In their study,
diabetic women with asymptomatic pyuria more often had dia-
betic retinopathy, neuropathy, nephropathy, cerebrovascular
disease, ischemic heart disease, and hyperlipidemia than those
without asymptomatic pyuria, and the incidence of asympto-

matic pyuria increases significantly as diabetic microangiopa-
thy becomes severer [2]. However, we did not observe a signif-
icant association of asymptomatic pyuria with the duration of
diabetes, incidence and severity of diabetic microangiopathy
except for CVR-R. The duration of diabetes in our patients was
shorter than that in Nakano’s study, which can explain the dif-
ferent results between ours and their study. Nakano et al [2] did
not find differences in HbA 1c between diabetic patients with-
out asymptomatic pyuria and those with asymptomatic pyuria,
which agreed with our result.

Ozdem et al investigated the prevalence of asymptomatic
pyuria in 227 diabetic patients, and found that diabetic women
and men had significantly higher asymptomatic pyuria preva-
lence than non-diabetic women (21.4% vs. 8.7%, P <0.05) and
men (12.2% vs. 3.4%, P < 0.05), suggesting that diabetes was
the risk factor for asymptomatic pyuria [3]. They also reported
that the prevalence of pyuria was markedly higher in diabet-
ic women as compared with diabetic men (P = 0.08), which
agreed with our result. In their study, diabetes duration and
HbA ¢ levels were similar in diabetic patients with and with-
out asymptomatic pyuria [3], which also agreed with our data.

Our study is the first to report a significant association be-
tween mental illness and pyuria in patients with type 2 diabe-
tes. Diabetic patients with pyuria more often had mental ill-
ness than those without pyuria (63.2% vs. 35.3%, P = 0.02),
and patients with pyuria more often had taken psychotropic
drugs than those without pyuria (57.9% vs. 33.3%, P = 0.04).
Difficulty in the maintenance of hygienic conditions and psy-
chotropic drugs which induce urinary disturbance may be as-
sociated with more frequent development of pyuria in patients
with mental illness [4].

Present study also is the first to show that lower CVR-R,
which reflects diabetic autonomic neuropathy, was a signifi-
cant risk factor of pyuria. In the recent review article [6], the

Alcoholic psychosis n=2 ‘

Dementia n=4

Bipolar disorder 6

Depression n=11

n=19

Schizophrenia

Others n=6

No mental illness
n=73

Figure 2. Coexisting mental illness in studied subjects.

196 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

www.jofem.org



Waragai et al

J Endocrinol Metab. 2019;9(6):193-198

Table 6. Differences in Clinical Characteristics Among Patients With Non-Mental lliness, Mood Disorder and Schizophrenia

Non-mental illness (n = 73) Mood disorder (n =17) Schizophrenia (n = 19) P value
Pyuria (%) 9.6 11.8 21.1 0.36
Age (year) 66.1 +10.9 58.7+16.5 56.1 £15.1 <0.01
> 65 years old (%) 56.2 52.9 42.1 0.55
Female (%) 37.0 47.1 47.4 0.59
BMI (kg/m?) 245+42 284+7.8 30.3+6.7 <0.01

BMI: body mass index.

Table 7. Differences in Clinical Characteristics Among Patients With Non-Mental lliness, Mood Disorder and Schizophrenia

Non-mental illness (n = 73) Mood disorder (n =17) Schizophrenia (n = 19) P value
CVR-R (%) (n=60) 3.1+2.1 28+1.9 36+22 0.71
Use of laxatives (%) 4.1 11.8 26.3 0.01
Retinopathy (%) (n = 74) 11 23.5 10.5 0.72
Glucosuria (%) 41.7 29.4 57.9 0.22
Plasma glucose (mg/dL) 198 + 92 203 +132 207 +79 0.93
HbAlc (%) 8.6+2.1 88+25 8.5+2.0 0.92

CVR-R: coefficient of variations of R-R intervals; HbA1c: hemoglobin A1c.

potential relationships between the autonomic nervous system
and UTI are considered throughout. While these relationships
have not been experimentally explored, the known interactions
of UTI characteristics including symptoms, complicating fac-
tors, and inflammation with autonomic nervous system func-
tion suggest a significant association between autonomic nerv-
ous system and UTI. However, the definitive conclusion has
not yet been drawn even regarding the relationship between
UTI and autonomic nervous system. There was no study on
the association between asymptomatic pyuria and autonomic
dysfunction. A significant association between lower CVR-R
and asymptomatic pyuria observed in present study should be
followed by using a great number of patients in the future.

We have to mention the limitations of present study. Small

sample size and missing data involving CVR-R were consid-
ered to be the limitations. In addition, analyzing the asymp-
tomatic pyuria which surrogated the endpoint of UTI was
considered to be the limitation. And we could not discriminate
between pollakiuria due to diabetes and cystitis.

Conclusions

We studied the risk factors for asymptomatic pyuria in patients
with type 2 diabetes. In addition to female sex, autonomic
neuropathy and mental illness were significant risk factors for
pyuria. To elucidate this association, further studies, preferably
with larger numbers of subjects, will be needed.

Table 8. Comparison of Results Between Previous Studies And Present Study

Studies Nakano et al, [2] Ozdem et al, [3] Present study
Publication (year) 2001 2006 2019
Mean age (years) 64.8 60.1 63.2
HbAlc (%) 8.6 9.1 8.5
Duration of diabetes (years) 10.0 7.9 5.1
Prevalence of pyuria (%)
Non-diabetic males - 34 -
Non-diabetic females 15.8 8.7 -
Diabetic males - 12.2 4.3
Diabetic females 27.9 21.4 30.8
Risk factors Older age, diabetes, retinopathy, neuropathy, nephropathy,  Diabetes, female Mental illness, female,
history of macroangiopathy, longer duration of diabetes lower CVR-R

CVR-R: coefficient of variations of R-R intervals; HbA1c: hemoglobin A1c.
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