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ABSTRACT
Aims/Introduction: To assess the prevalence of diabetic polyneuropathy (DPN)-related
sensory symptoms/signs and associated factors in patients with polyneuropathy, consider-
ing non-linear effects for numerical variables.
Materials and Methods: A cross-sectional survey of patients with type 2 diabetes
mellitus from 17 primary care clinics across Japan was carried out. DPN and DPN-related
sensory symptoms/signs were diagnosed according to the Diabetic Neuropathy Study
Group in Japan criteria.
Results: Of the 9,914 patients with type 2 diabetes mellitus in this study, 2,745 had
DPN and 1,689 had DPN-related sensory symptoms/signs (61.5% of patients with DPN).
There were significant correlations between DPN-related sensory symptoms/signs and
smoking status (odds ratio 2.04 for current and 1.64 for former; P < 0.001 and P = 0.002,
respectively), sex (odds ratio 0.56 for male/female; P < 0.001) and alcohol consumption
(odds ratio 2.02 for former/never; P = 0.004). Based on the non-linear logistic regression
model, significant correlations were observed between the presence of DPN-related sen-
sory symptoms/signs and higher systolic blood pressure (SBP), longer diabetes duration,
and decreasing age. The logarithm of odds for SBP increased until reaching approximately
130 mmHg, then it plateaued.
Conclusions: Some modifiable factors assessed in the large survey database might be
associated with DPN-related sensory symptoms/signs, namely smoking, alcohol consump-
tion and SBP. Maintaining SBP <130 mmHg was associated with lower odds of DPN-re-
lated sensory symptoms/signs in patients with DPN.

INTRODUCTION
The number of patients with diabetes mellitus is increasing
globally and is expected to reach 366 million in 20301. In
accordance with the global trend, the National Diabetes Survey
between 1997 and 2007 in Japan showed that the percentage of
patients with diabetes mellitus increased from 9.9 to 15.3% in
males and from 7.1 to 7.3% in females2; therefore, the burden
of diabetic complications is also expected to increase.

Diabetic polyneuropathy (DPN) is one of the most common
complications of diabetes mellitus3,4, and is prevalent in
approximately 37–45% of patients with type 2 diabetes mellitus
and 54–59% of patients with type 1 diabetes mellitus5. Some
patients with DPN experience positive symptoms, such as pain,
and negative symptoms, such as numbness; however, it is com-
mon for the disease to progress undetected3,6,7.
DPN-related pain occurs in approximately one-quarter of

patients with DPN8, and has been associated with considerable
morbidity and diminished quality of life9,10. In particular,Received 17 March 2019; revised 11 July 2019; accepted 15 July 2019
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DPN-related pain has been shown to be associated with sleep
impairment, depression and anxiety11,12. To prevent the delete-
rious effects of DPN-related symptoms on quality of life and
complications associated with asymptomatic DPN, such as foot
ulceration, early diagnosis of DPN by physicians is impor-
tant9,10. Despite DPN being such a commonly encountered
complication, physicians often do not recognize DPN in their
patients. For example, just 36.4% of Japanese physicians were
aware of painful diabetic neuropathy in their patients in a sam-
ple of Japanese outpatients10. Although DPN is common in
Japan, the last large-scale report on the disease burden was in
200113. At that time, a limited selection of treatments was avail-
able to treat DPN-related symptoms; presently, a variety of dif-
ferent analgesic agents are available14. Globally, there are many
studies that have assessed the risk factors associated with
DPN15; however, there are very few studies that have assessed
the risk factors associated with DPN-related symptoms16.
Given the high and increasing burden of type 2 diabetes melli-

tus globally and, specifically, in Japan1,2, plus the impact DPN-re-
lated symptoms have on the quality life of patients with DPN9,10,
it is important to understand the factors that are associated with
DPN and DPN-related symptoms. A cross-sectional study found
that specific markers for vascular wall properties, as well as the
albumin-to-creatinine ratio, retinopathy, systemic blood pressure,
duration of diabetes and glycated hemoglobin (HbA1c), are asso-
ciated with diabetic neuropathy, suggesting that the interplay of
vascular and metabolic factors might contribute to the pathogen-
esis of neuropathy16. The identification of associated factors
could facilitate screening for DPN and DPN-related symptoms
at an early stage of the disease. A better understanding of the fac-
tors associated with DPN and related symptoms would also
improve the care provided by physicians for patients with DPN.
Therefore, the objective of the present study was to assess the
prevalence of DPN-related sensory symptoms/signs and to evalu-
ate associated factors among Japanese patients with DPN, with
consideration of non-linear effects for numerical variables.

METHODS
Study design and population
A cross-sectional nationwide survey was designed to determine
the prevalence of microvascular complications and rates of
achieving treatment targets among Japanese patients with
type 2 diabetes mellitus; the study design and primary findings
have been reported previously17. Patients with type 2 diabetes
mellitus were enrolled from 17 primary care clinics across vari-
ous regions of Japan17. These clinics consisted of physicians
who specialize in diabetes, and they were responsible for
recording the clinical data from the patients17. Of the overall
population of 13,039 patients who attended the medical clinics
between January 2013 and December 2015, and had urinary
albumin and serum creatinine measured within 1 year of atten-
dance17, a total of 9,914 patients had neuropathy evaluated
within 1 year of attendance at the clinic and were registered in
the present study.

The diagnosis of diabetes mellitus and treatment targets were
based on the Japan Diabetes Society guidelines18. All patients
provided informed consent, and the study was carried out in
accordance with the Declaration of Helsinki. This study was
approved by the Japan Diabetes Clinical Data Management
Study Group (JDDM 52) ethics committee, Osaka City Univer-
sity ethics committee and the ethics committee of Shionogi &
Co., Ltd.

Measurements and definitions
Demographic characteristics, including age, sex, bodyweight,
smoking status, alcohol consumption, duration of diabetes,
medical history (diabetic retinopathy and diabetic nephropathy,
defined as albumin-to-creatinine ratio ≥30 mg/g Cr) and anti-
hypertensive medication use, were collected from patient medi-
cal records17. Body mass index (BMI), serum and urinary
creatinine, HbA1c, low-density lipoprotein cholesterol (LDL-c),
high-density lipoprotein cholesterol (HDL-c), triglycerides (TG),
systolic blood pressure (SBP) and estimated glomerular filtra-
tion rate (eGFR) were assessed as described previously17.
The diagnosis of DPN was established based on two or more

of the following three criteria from The Diabetic Neuropathy
Study Group in Japan17,19,20: (i) subjective symptoms in the
bilateral lower limbs or feet; (ii) loss of or decreased ankle jerk
reflex; and (iii) decreased vibration perception, assessed using a
C128 tuning fork and bilaterally measured at the medial malle-
oli. Neuropathic sensory symptoms/signs were defined as bilat-
eral spontaneous pain; hypoesthesia, including decreased
perception to pinprick and temperature (cold tuning fork); or
paresthesia of the legs20.

Statistical analysis
Patient demographic and clinical characteristics were summa-
rized using medians and interquartile ranges for continuous
variables, and as counts and percentages for categorical vari-
ables.
To assess the association between various factors and the

occurrence of DPN-related sensory symptoms/signs, we carried
out a multivariable logistic regression analysis that included the
following factors as independent variables: age, sex, BMI, dis-
ease duration, SBP, HbA1c, eGFR, HDL-c, LDL-c, TG, alcohol
consumption status (current, former, never), smoking status
(current, former, never), use of antihypertensive medicine, and
the presence/absence of nephropathy and retinopathy. This
regression model contained restricted cubic splines for all con-
tinuous variables to examine the non-linear association between
each factor and the occurrence of DPN-related sensory symp-
toms/signs. All missing data were imputed by the multiple
imputation method using the “aregImpute” function in the
“rms” package of R software version 3.3.0 (https://www.r-projec
t.org/foundation/).
All statistical analyses were carried out with a two-sided sig-

nificance level of 5%, and carried out with R software version
3.3.0 using the “rms” package.
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RESULTS
Patient characteristics and demographics
Of the 9,914 patients who had type 2 diabetes mellitus, 2,745
patients had DPN and 1,689 had DPN-related sensory symp-
toms/signs (61.5% of patients with DPN) (Table 1). The demo-
graphic and clinical characteristics of the cohort are shown in
Table 1. The median age for all participants was 66 years, and
62.3% of patients were male with a median BMI of 24.5 and
median SBP of 127 mmHg (Table 1). The median duration of
diabetes for all patients was 13.0 years, with a median HbA1c
of 6.9. The median age, sex distribution, BMI, SBP, smoking
status, alcohol consumption status and median eGFR were sim-
ilar in the subgroups of patients with DPN and DPN-related
sensory symptoms/signs. The median HbA1c was also similar
between the subgroups of patients with DPN (7.0) and those
with DPN-related sensory symptoms/signs (7.1). The duration
of diabetes mellitus in patients with DPN (15.9 years) and
DPN-related sensory symptoms/signs (16.5 years) was longer

when compared with all patients (13.0 years) and patients with-
out DPN (11.8 years). The frequency of retinopathy in patients
with DPN (43.1%) and DPN-related sensory symptoms/signs
(44.3%) was higher when compared with all patients (25.8%)
and patients without DPN (19.2%).

Correlations between patient characteristics and DPN-related
sensory symptoms/signs
Analyses of factors associated with DPN-related sensory symp-
toms/signs among patients with DPN are shown in Figure 1.
There were significant correlations between the presence of
DPN-related sensory symptoms/signs and current smoking
(odds ratio [OR] 2.036, confidence interval [CI] 1.423–2.911;
P < 0.001), former smoking (OR 1.639, CI 1.190–2.257;
P = 0.002), sex (OR 0.559, CI 0.437–0.715; P < 0.001) and for-
mer alcohol consumption (OR 2.019, CI 1.247–3.271;
P = 0.004). Based on the non-linear model, significant correla-
tions between the presence of DPN-related sensory symptoms/

Table 1 | Clinical characteristics and demographics

Patients with T2DM (n = 9,914)

Overall population
(n = 9,914)

Patients without
DPN (n = 6,180)

Patients with DPN (n = 2,745) Patients with unknown
status of DPN (n = 989)

Overall (n = 2,745) With DPN-related
sensory symptoms/
signs (n = 1,689)

Median age, years (IQR) 66.0 (59.0–73.0) 65.0 (57.0–71.0) 70.0 (63.0–77.0) 69.0 (63.0–76.0) 67.0 (59.0–75.0)
Male, n (%) 6,139 (62.3) 3,904 (63.2) 1,705 (62.1) 1,025 (60.7) 530 (57.2)
Median BMI, kg/m2 (IQR) 24.5 (22.1–27.2) 24.4 (22.1–27.1) 24.7 (22.3–27.3) 24.7 (22.3–27.3) 24.6 (22.1–27.4)
Smoking, n (%)
Current 1,511 (18.4) 951 (18.5) 419 (17.0) 308 (20.5) 141 (22.7)
Former 1,686 (20.5) 982 (19.1) 557 (22.5) 378 (25.2) 147 (23.7)
Never 5,024 (61.1) 3,197 (62.3) 1,495 (60.5) 814 (54.3) 332 (53.5)

Alcohol use, n (%)
Current 2,477 (31.6) 1,530 (31.8) 703 (29.3) 475 (32.7) 244 (39.9)
Former 264 (3.4) 157 (3.3) 95 (4.0) 74 (5.1) 12 (2.0)
Never 5,087 (65.0) 3,128 (65.0) 1,604 (66.8) 905 (62.2) 355 (58.1)

Median DM duration, years (IQR) 13.0 (7.5–19.7) 11.8 (6.8–18.5) 15.9 (9.8–23.4) 16.5 (10.4–24.1) 12.6 (7.2–19.6)
Median HbA1c, % (IQR) 6.9 (6.5–7.4) 6.9 (6.5–7.4) 7.0 (6.6–7.5) 7.1 (6.6–7.6) 6.8 (6.4–7.3)
Median SBP, mmHg (IQR) 127.0 (118.0–134.0) 126.0 (118.0–134.0) 129.0 (119.0–134.0) 130.0 (120.0–134.0) 127.0 (119.0–135.0)
Retinopathy, n (%)
No 7,290 (74.2) 4,986 (80.8) 1,554 (56.9) 935 (55.7) 750 (81.1)
Yes 2,539 (25.8) 1,187 (19.2) 1,177 (43.1) 743 (44.3) 175 (18.9)

Nephropathy, n (%)
Stage 1 7,037 (71.9) 4,725 (76.9) 1,664 (61.1) 1,043 (62.2) 648 (70.4)
Stage ≥2 2,750 (28.1) 1,417 (23.1) 1,061 (38.9) 633 (37.8) 272 (29.6)

Median eGFR, mL/min/1.73 m2 (IQR) 78.4 (64.4–94.7) 80.5 (67.2–96.8) 74.1 (59.5–89.9) 74.8 (59.8–91.1) 74.9 (60.8–91.7)
Median HDL-c, mg/dL (IQR) 53.0 (45.0–64.0) 54.0 (45.0–65.0) 51.0 (43.0–61.0) 51.0 (43.0–61.0) 53.0 (45.0–63.0)
Median LDL-c, mg/dL (IQR) 104.0 (86.7–122.6) 105.0 (88.0–124.0) 102.4 (85.0–121.6) 102.0 (85.0–122.0) 98.0 (84.0–116.0)
Median TG, mg/dL (IQR) 118.0 (81.0–172.0) 117.0 (80.0–173.0) 119.0 (83.0–171.0) 118.0 (83.0–169.0) 116.0 (80.0–166.8)
Antihypertensive agents, n (%) 5,259 (53.4) 3,051 (49.4) 1,652 (60.2) 983 (58.2) 556 (60.0)

BMI, body mass index; DM, diabetes mellitus; DPN, diabetic polyneuropathy; eGFR, estimate glomerular filtration rate; HbA1c, glycated hemoglobin;
HDL-c, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; T2DM,
type 2 diabetes mellitus; TG, triglyceride.

452 J Diabetes Investig Vol. 11 No. 2 March 2020 ª 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Yokoyama et al. http://wileyonlinelibrary.com/journal/jdi



signs and SBP (P < 0.001), diabetes mellitus duration
(P = 0.012) and age (P < 0.001) were observed (Figure 2); the
logarithm of odds decreased in a linear manner for age and, in
contrast, it increased linearly for diabetes duration. The loga-
rithm of odds increased with increasing SPB, until it reached
approximately 130 mmHg, above which it did not increase fur-
ther. In non-linear models, both the trend of the graph and the
P-value are informative. Although the P-value was >0.05 for
HbA1c, the logarithm of odds increased with higher HbA1c,
until HbA1c reached approximately 7%, above which the slope
was less steep. In contrast, the P-value for triglycerides was
<0.05, and the logarithm of odds decreased with increasing
triglyceride levels until reaching approximately 200 mg/dL.
Although the logarithm of odds >200 mg/dL tended to slightly
increase, the CI widened with increasing triglyceride levels, so
this result was considered less reliable and is unlikely to be clin-
ically relevant. Only minor changes in OR were detected
between DPN-related sensory symptoms/signs and BMI, LDL-
c, HDL-c, TG or eGFR.

DISCUSSION
DPN-related symptoms can cause considerable morbidity and
diminished quality of life for patients with diabetes, and it
is, therefore, important to determine the factors associated
with DPN-related symptoms. In the present cross-sectional
Japanese study using a large survey database, the factors
associated with DPN-related sensory symptoms/signs within a
population of patients with DPN were analyzed17. Diabetes

mellitus duration, age, smoking status (current and former),
alcohol consumption (former), sex and SBP were all identi-
fied as candidate factors potentially associated with the devel-
opment of DPN-related sensory symptoms/signs in patients
with DPN.
In accordance with multiple previous studies, diabetes melli-

tus duration was identified as a factor associated with DPN-re-
lated sensory symptoms/signs in patients with DPN in the
present study15. In addition, increasing age was associated with
reduced DPN-related sensory symptoms/signs in patients with
DPN; however, previous studies have yielded varying reports
with regard to the link between increasing age and DPN. Some
studies have suggested that increasing age is associated with a
greater risk for DPN with increasing age15. In the present
study, it is possible that the apparent decrease in DPN-related
sensory symptoms/signs observed with age might be due to an
increase in pain threshold with age21–23. DPN-related symp-
toms do not necessarily coincide with the severity of DPN (i.e.,
extent of fiber reduction), as subjective symptoms might
improve while DPN worsens.
Smoking appeared to have the strongest association with

DPN-related sensory symptoms/signs in the present study,
which is consistent with previous studies that reported smoking
to be a risk factor for DPN-related symptoms and DPN15. In
the present study, former alcohol consumption was associated
with increased DPN-related sensory symptoms/signs in patients
with DPN; however, previous studies have reported mixed
results regarding the association between alcohol consumption

0.0 1.0 2.0

Odds ratio

3.0

Male vs female sex*

Current smoker vs never smoker*

Former smoker vs never smoker*

Current smoker vs former smoker

Current alcohol user vs never user

Former alcohol user vs never user*

Current alcohol user vs former alcohol user*

With retinopathy vs without retinopathy

With nephropathy vs without nephropathy

Antihypertensive agent user vs non-user

Figure 1 | Factors associated with diabetic polyneuropathy-related sensory symptoms/signs in patients with diabetic polyneuropathy using a
logistic regression model. *P ≤ 0.05.
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and development of DPN-related symptoms. Some studies have
suggested that alcohol consumption was associated with
DPN15,24,25, whereas others have not shown an association
between alcohol consumption and DPN15,26,27. Alcohol con-
sumption has been associated with an inability to sense vibra-
tions from a tuning fork (serves as a measure of peripheral
neuropathy), and it has been suggested that alcohol and dia-
betes mellitus can work synergistically to cause nerve damage25.

As no similar association was observed with current alcohol
consumption in the present study, the association between
DPN-related sensory symptoms/signs and former alcohol con-
sumption might be an artifact due to the small number of
patients in this subgroup, a causal relationship reversal or
another confounding variable not detected.
Furthermore, female sex was associated with an approxi-

mately 50% increased risk of DPN-related sensory symptoms/
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Figure 2 | Factors associated with diabetic polyneuropathy-related sensory symptoms/signs in patients with diabetic polyneuropathy using a non-
linear regression model. BMI, body mass index; DM, diabetes mellitus; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; SBP, systolic blood pressure.

454 J Diabetes Investig Vol. 11 No. 2 March 2020 ª 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Yokoyama et al. http://wileyonlinelibrary.com/journal/jdi



signs when compared with male sex. This result is similar to
previous studies28–30.
Many previous studies have reported HbA1c to be an impor-

tant risk factor for DPN15 and DPN-related symptoms in
patients with type 2 diabetes mellitus31–33. However, no signifi-
cant association was detected between DPN-related sensory
symptoms/signs and HbA1c in the present study. In a non-lin-
ear model analysis, both the trend of the graph and the P-value
are informative. In this study, the logarithm of odds increased
until HbA1c reached approximately 7%. This result is consis-
tent with clinical practice, and indicates that it might be neces-
sary to maintain HbA1c <7% to reduce the odds of developing
DPN-related symptoms in patients with DPN. Although the
mechanism by which changes in glucose might impact the
development of DPN and related symptoms are not completely
defined, preclinical studies have shown that high glucose levels
can induce apoptosis and biochemical alterations in various cell
types and organs34–36.
Previous studies have linked hypertension with DPN-related

symptoms31,32; however, in the present study, only SBP was cor-
related with DPN-related sensory symptoms/signs in patients
with DPN. To mitigate cardiovascular risk, the American Dia-
betes Association guidelines recommend that most patients with
diabetes mellitus and hypertension be treated to a blood pressure
target of <140 mmHg/90 mmHg, but guidelines also recom-
mend that lower targets (e.g., <130/80 mmHg) might be appro-
priate for those at high risk of cardiovascular disease, if treatment
is well tolerated37. Japanese guidelines recommend a SBP target
of <130 mmHg38. The present findings suggest that maintaining
SBP <130 mmHg might also have a beneficial effect on the emer-
gence of DPN-related symptoms in Japanese patients.
Although the mechanism by which changes in blood pres-

sure might impact the development of DPN and related symp-
toms are not completely defined, preclinical studies have shown
that hypertension induces nerve ischemia, thermal hyperalgesia,
nerve conduction slowing and axonal atrophy at the sensory
nerve fibers39,40. HDL-c, LDL-c and TG are not reported risk
factors for DPN, although a dyslipidemic profile is known to
increase the risk of peripheral vascular disease41,42. Although a
statistically significant association was detected between DPN-
related sensory symptoms/signs and triglyceride levels in non-
linear analyses in the present study, the observed trend (i.e.,
decreasing logarithm of odds with increasing triglyceride levels
≤200 mg/dL, followed by a slight increase in the logarithm of
odds >200 mg/dL) is not likely to be clinically relevant and is
not easily explained. This observation could be the result of a
reverse causal relationship, due the cross-sectional study design.
The present study included a large sample size and standard-

ized data collection procedures. In addition, a non-linear regres-
sion analysis was used in the study, which has been previously
shown to be a more favorable method than linear regression43.
Study limitations include the cross-sectional design and the fact
that patients are from Japan only, which might limit the gener-
alizability of the study. In addition, the present study did not

consider the effect of patients’ current medications in relation
to SBP, HbA1c and lipid measurements. These limitations
could be considered in future, prospectively designed studies.
Some of the modifiable factors assessed in the large survey

database might be associated with DPN-related sensory symp-
toms/signs, namely smoking, alcohol consumption and SBP.
Maintaining HbA1c and SBP at <7% and <130 mmHg, respec-
tively, was associated with lower odds of developing DPN-re-
lated sensory symptoms/signs in patients with DPN. In
addition, cessation of smoking and alcohol consumption might
be associated with lower odds of developing DPN-related sen-
sory symptoms/signs in patients with DPN.
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