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Background: It is known that the painful sensation of diabetic peripheral neuropathy (DPN) results in sleep problems in type 2 
diabetes mellitus (T2DM). However, it is not known that the painless DPN also is associated with poor sleep quality in T2DM. 
The purpose of the current study was to investigate the association between painless DPN and poor sleep quality in T2DM.
Methods: A total of 146 patients of T2DM who do not have any painful symptoms of DPN were recruited into the study. Among 
the patients, painless DPN was diagnosed by using the current perception threshold test. Sleep quality was assessed using the 
Pittsburgh Sleep Quality Index questionnaire.
Results: The percentage of painless DPN was significantly higher in the poor sleep quality group than the good sleep quality 
group (70.0% vs. 35.5%, P<0.001). In the subscale results, stimulus values at 2,000 Hz, hypoesthesia and hyperesthesia were more 
common in the poor sleep quality group than in the good sleep quality group (45.7% vs. 25.0%, P=0.009; 34.3% vs. 18.4%, 
P=0.029; 40.0% vs. 19.7%, P=0.007, respectively). The association of painless DPN and poor sleep quality remained significant 
after adjustment for significant covariates (odds ratio, 3.825; 95% confidence interval, 1.674 to 8.742; P<0.001).
Conclusion: The current study showed that painless DPN was associated with poor sleep quality. Future studies are required to 
clarify the pathophysiologic causal relationship between painless DPN and sleep quality.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a metabolic disorder based 
on insulin resistance and beta-cell dysfunction, leading to nu-
merous diabetic complications and morbidities, negatively af-
fecting the quality of life of the patients [1,2]. Although a dif-
ference in prevalence rates exists depending on the measure-
ment method, sleep problems are more common in T2DM pa-
tients than in the general population, and approximately 33% 
to 50% of T2DM patients have been reported to have sleep 
problems [3-5]. In addition, sleep disorders are thought to play 

an important role in the development and aggravation of 
T2DM by the neuro-metabolic pathway [6-8]. However, among 
the many factors and consequences of T2DM, independent 
risk factors that adversely affect sleep quality have yet to be 
clarified.

Diabetic peripheral neuropathy (DPN) is one of the most 
common and early manifested complication in T2DM. DPN 
involves progressive damage to various types of nerve fibers 
and is characterized by a variety of heterogeneous sensations, 
including decreased sensation and paresthesia, as well as pain-
ful sensations [9]. The diagnosis of DPN is principally based 
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on clinical symptoms, but up to half of the DPN patients may 
be asymptomatic, in a condition called subclinical or painless 
DPN [9,10]. Previous studies reported that painful sensations 
of DPN resulted in sleep problems, and more severe pain led to 
worse sleep quality [11-14]. Since DPN develops on a back-
ground of prolonged hyperglycemia associated with various 
metabolic abnormalities, factors other than painful sensory 
symptoms could also induce poor sleep quality in DPN pa-
tients. However, aside from the pain of symptomatic DPN, the 
association between sleep problems and painless DPN has not 
been studied previously.

The purpose of this study was to investigate the relationship 
between painless DPN and sleep quality, using the current per-
ception threshold (CPT) test and Pittsburgh Sleep Quality In-
dex (PSQI) questionnaire.

METHODS

Study population
T2DM patients who admitted the Endocrinology and Metabo-
lism department of Soonchunhyang University Bucheon Hos-
pital from January 2016 to December 2018 were reviewed. 415 
T2DM patients were hospitalized for treatment of uncon-
trolled hyperglycemia during this period. Except for 229 pa-
tients who already diagnosed as symptomatic DPN or who 
were in acute medical or surgical conditions, 186 patients com-
pleted both CPT and PSQI for evaluation of DPN and sleep 

quality. Including six depression, 18 patients with conditions 
that could cause sleep disorders other than diabetes were ex-
cluded. In addition, those (n=22) with taking peripheral neu-
ropathy medications (gabapentin, pregabalin, thioctic acid, 
γ-linoleic acid, duloxetine, tricyclic antidepressants, opioids, 
and other painkillers) that can affect the CPT or PSQI results 
were also excluded. Finally, 146 patients (83 men, 63 women) 
who were not previously diagnosed with symptomatic DPN 
were enrolled in the study (Fig. 1). We reviewed detailed de-
mographic, laboratory data and treatment history from pa-
tients’ medical records. The current study was approved by the 
Institutional Review Board of Soonchunhyang University Bu-
cheon Hospital (IRB No. 2019-03-005). Since our study was 
retrospective review of medical records, patients’ consent was 
exempted.

Sleep quality assessment
PSQI, a self-administered questionnaire which assesses subjec-
tive sleep quality and disturbance over a prior 1 month period 
was used to evaluate the sleep quality of the patients [15]. PSQI 
is widely used in various clinical populations to distinguish be-
tween good sleepers and bad sleepers [16-19]. We obtained the 
original PSQI form from the University of Pittsburgh Center 
for Sleep and Circadian Science homepage (https://www.sleep.
pitt.edu/) with permission. It consists of 19 items, grouped into 
seven subscales measuring self-reported sleep quality, sleep la-
tency, sleep duration, habitual sleep efficiency, sleep distur-

Fig. 1. Flow diagram for selection of study subjects. T2DM, type 2 diabetes mellitus; DPN, diabetic peripheral neuropathy; CPT, 
current perception threshold; PSQI, Pittsburgh Sleep Quality Index.

415 T2DM patients hospitalized for uncontrolled hyperglycemia
during January 2016 to December 2018

186 Completed CPT and PSQI

146 Subjects (83 men, 63 women)

229 Excluded patients
Previously diagnosed symptomatic DPN
In acute medically or surgically ill state

40 Excluded patients
In other sleep disorder
Taking peripheral neuropathy medications
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bance, use of sleep medications, and daytime dysfunction [15]. 
Each of the seven subscales is scored from 0 to 3, and the sum 
of components provides a global PSQI score, ranging from a 
low of 0 to a high of 21. Scores ≤5 are defined as good quality 
sleepers, and >5 as poor quality sleepers [15].

Anthropometric and biochemical measurements
Body weight and height were measured to the nearest 0.1 kg 
and 0.1 cm, respectively. Body mass index (BMI) was calculated 
by dividing the body weight (kg) by the height squared (square 
meters). Laboratory biochemical markers were measured, in-
cluding fasting plasma glucose (FPG), glycated albumin, glyco-
sylated hemoglobin (HbA1c), fasting insulin, aspartate amino-
transferase (AST), alanine aminotransferase (ALT), total cho-
lesterol (TC), low density lipoprotein cholesterol (LDL-C), high 
density lipoprotein cholesterol (HDL-C), and triglyceride 
(TG). Estimated glomerular filtration rate (eGFR) was calcu-
lated using the Modification of Diet in Renal Disease (MDRD) 
equation [eGFR (mL/min/1.73 m2)=186×serum creatinine 
(mg/dL)–1.154×(age)–0.203×(0.742, if female)×(1.21, if 
black)] [20]. Homeostasis model assessment of insulin resis-
tance (HOMA-IR) was used to assess the insulin resistance and 
calculated by the following formula: [fasting insulin (μIU/
mL)×FPG (mmol/L)]/22.5 [21]. Subcutaneous fat thickness 
(SFT) and visceral fat thickness (VFT) were measured in milli-
meters using ultrasonography. SFT was defined as the maximal 
thickness of the fat layer from the skin-fat interface to the linea 
alba, and VFT was defined as the distance from the anterior 
wall of the aorta to the posterior aspect of the rectus abdominis 
muscle [22].

Painless diabetic peripheral neuropathy assessment
All the participants were not taking any peripheral neuropathy 
medications and did not have a history of previously diag-
nosed DPN. To diagnose painless DPN among them, CPT was 
measured using Neurometer CPT/C (Neurotron Inc., Balti-
more, MD, USA). CPT is a widely used neuro-selective quanti-
tative test because of its high sensitivity, simple operability and 
non-invasiveness. CPT uses three kinds of different impulse 
frequencies (2,000, 250, and 5 Hz) to assess the patient’s ability 
to detect a controlled electrical stimulus [23]. Each of the three 
frequencies represents the functional status of distinct nerve fi-
bers: large myelinated (A-beta) fibers, small myelinated (A-
delta) fibers, and small unmyelinated (C) fibers, respectively 
[24,25]. A-beta-fibers conduct cutaneous touch and pressure 

sensations, A-delta-fibers conduct deep mechanoreceptors and 
sharp/fast pain, and the C-fibers conduct temperature and 
dull/slow pain [25]. CPT measurements were taken from four 
sites. Bilateral measurements were obtained from the median 
nerve on the index finger and the deep and the superficial pe-
roneal nerves on the first toe. Threshold values above the refer-
ence range are considered to indicate hypoesthesia and results 
below the reference range are considered to indicate hyperes-
thesia [26,27]. Hypoesthesia is mainly affected by large fiber 
neuropathy. On the other hand, hyperesthesia is mainly affect-
ed by relatively small fiber neuropathy [28]. Either hypoesthe-
sia or hyperesthesia indicates the presence of DPN [29]. All the 
patients were administered the CPT test by the same skilled 
operator.

Statistical analysis
Statistical analysis was conducted using SPSS Statistics version 
26.0 (IBM Corp., Armonk, NY, USA). For the data analysis, 
the independent two-sample t-test was used for continuous 
variables and the chi-square test was used for categorical vari-
ables. Continuous variables were expressed as mean±standard 
deviation and categorical variables were expressed as a number 
of patients (percentages). Among the variables, fasting serum 
insulin, HOMA-IR, AST, ALT, TC, HDL-C, and TG showed 
skewed distribution and were log-transformed before the anal-
ysis. Mean values of skewed distributed variables were present-
ed untransformed, but P values were based on logarithmic 
data. Logistic regression analysis was conducted to determine 
which variables predicted high risk for poor sleep quality. 
Based on the results of univariate analysis, multivariate regres-
sion analysis was conducted to adjust for factors that might af-
fect the CPT results on poor sleep quality. Odds ratio (OR) was 
used to evaluate the association between poor sleep quality 
and variables, including CPT results. P values of <0.05 were 
taken to indicate statistical significance.

RESULTS

General characteristics of study participants according to 
sleep quality
Demographic characteristics of participants by sleep quality 
are shown in Table 1. There was no significant difference be-
tween the two groups in mean age, sex ratio, duration of 
T2DM, hypertension prevalence, smoking, and alcohol intake 
history. Among the anthropometric variables, BMI, VFT, and 
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SFT were significantly higher in the poor sleep quality group 
than the good sleep quality group. The proportion of patients 
using insulins, statins, and angiotensin II receptor blocker 
(ARB) showed a higher tendency in the poor sleep quality 
group than the good sleep quality group, but the differences 
were not statistically significant.

Laboratory data of study participants according to sleep 
quality
Table 2 indicates the laboratory data of participants, grouped 
by sleep quality. Glycemic indicators including FPG, glycated 
albumin, and HbA1c showed no significant difference between 
the two groups. Fasting insulin levels and calculated HOMA-
IR were higher in the poor sleep quality group and the differ-
ences were statistically significant for HOMA-IR. There was no 
statistical difference between AST, ALT, TC, LDL-C, HDL-C, 
TG, and eGFR of the two groups.

Painless diabetic peripheral neuropathy and quality of 
sleep
Association between painless DPN and sleep quality are shown 
in Supplementary Fig. 1. Painless DPN was more prevalent in 

the poor sleep quality group than in the good sleep quality 
group. In the good sleep quality group, 35.5% had painless 
DPN whereas, in the poor sleep quality group, 70.0% had pain-
less DPN (P<0.001). Table 3 shows subscale analysis results of 
CPT compared between the two sleep quality groups. In sub-
scale results of CPT, 2,000 Hz stimulus showed a significant 
difference. In the good sleep quality group, 25.0% had an ab-
normal response to 2,000 Hz stimulus whereas, in the poor 
sleep quality group, 45.7% had an abnormal response (P= 
0.009). However, stimuli of 5 and 250 Hz showed no significant 
differences between the two groups. On the other hand, both 
hypoesthesia and hyperesthesia were more common in the 
poor sleep quality group than good sleep quality group. Good 
sleep quality group showed 18.4% of hypoesthesia and 19.7% 
of hyperesthesia, whereas poor sleep quality group showed 
34.3% of hypoesthesia and 40.0% of hyperesthesia (P=0.029 
and P=0.007, respectively). When comparing each Hz of CPT 
threshold values in both hands and feet, threshold at 2,000 Hz 

Table 2. Laboratory data of study participants by sleep quality

Variable All 
(n=146)

Good sleep 
quality 
group 

(n=76)

Poor sleep 
quality 
group 

(n=70)

P value

FPG, mg/dL 187.3±68.7 187.1±73.8 187.4±63.4 0.984

Glycated  
albumin, %

31.8±11.3 31.7±10.8 31.8±11.9 0.964

HbA1c, % 10.8±2.4 10.6±2.3 11.0±2.6 0.385

Fasting insulin, 
μIU/mL

9.6±6.6 8.2±4.4 11.1±8.1 0.131

HOMA-IR 4.4±3.1 3.7±2.3 5.1±3.6 0.005

AST, U/L 26.5±29.8 24.8±16.2 28.3±39.6 0.894

ALT, U/L 33.3±54.3 28.0±27.8 39.1±72.8 0.117

Total cholesterol, 
mg/dL

175.0±48.8 174.1±42.9 176.0±55.1 0.627

LDL-C, mg/dL 97.1±35.7 98.7±35.1 95.3±36.5 0.572

HDL-C, mg/dL 42.4±18.8 41.3±14.8 43.6±22.5 0.477

Triglycerides,  
mg/dL

208.4±204.2 190.6±165.0 228.6±240.8 0.227

eGFR,  
mL/min/1.73 m2

71.0±23.8 71.6±22.9 70.4±24.9 0.778

Values are presented as mean±standard deviation.
FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; 
HOMA-IR, homeostasis model assessment of insulin resistance; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; LDL-C, 
low density lipoprotein cholesterol; HDL-C, high density lipoprotein 
cholesterol; eGFR, estimated glomerular filtration rate.

Table 1. Demographic characteristics of participants by sleep 
quality

Characteristic All 
(n=146)

Good sleep 
quality 
group 

(n=76)

Poor sleep 
quality 
group 

(n=70)

P value

Age, yr 51.6±14.0 50.7±14.0 52.6±13.7 0.400

Sex, women 63 (43.2) 31 (40.8) 32 (45.7) 0.548

Duration of T2DM, yr 6.8±8.2 6.6±8.1 7.1±8.4 0.725

HTN 67 (45.9) 32 (42.1) 35 (50.0) 0.339

BMI, kg/m2 25.6±4.5 24.7±3.7 26.6±5.0 0.011

VFT, mm 43.5±18.8 38.9±16.6 48.4±19.9 0.003

SFT, mm 14.7±6.6 13.4±6.0 16.0±6.9 0.024

Current smoker 42 (28.8) 22 (28.9) 20 (28.6) 0.960

Alcohol intake 38 (26.0) 21 (27.6) 17 (24.3) 0.645

Insulin user 52 (36.4) 23 (30.7) 29 (42.6) 0.137

Stain user 61 (41.8) 30 (39.5) 31 (44.3) 0.556

ARB user 35 (24.1) 15 (20.0) 20 (28.6) 0.228

Values are presented as mean±standard deviation or number (%).
T2DM, type 2 diabetes mellitus; HTN, hypertension; BMI, body mass 
index; VFT, visceral fat thickness; SFT, subcutaneous fat thickness; 
ARB, angiotensin II receptor blocker.
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showed significant differences in 2 points (left hand and right 
foot). Threshold at 250 and 5 Hz showed a difference in 1 point 
each (left hand and right foot, respectively) (Supplementary 
Table 1).

Comparison of global PSQI scores, subscales, and poor sleep 
quality frequency between painless DPN and no DPN were in-
dicated in Table 4. Global PSQI score, sleep latency, sleep dura-
tion, sleep efficiency, and poor sleep quality frequency were 
significantly higher in the painless DPN group than the no 
DPN group.

Logistic regression analysis of variables on poor sleep quality 
is shown in Table 5. In the univariate analysis, BMI, VFT, SFT, 
HOMA-IR, and painless DPN showed statistical significance. 
The association between painless DPN and poor sleep quality 
remained significant after multivariate adjustment for signifi-
cant covariates (OR, 3.825; 95% confidence interval, 1.674 to 
8.742; P=0.001).

DISCUSSION

The present study revealed a significant association between 
painless DPN and poor sleep quality, even after adjustment for 
confounding factors. In addition, subscale results of CPT indi-
cated abnormalities in the 2,000 Hz test, hypoesthesia, and hy-
peresthesia. Among these subscale parameters, 2,000 Hz and 
hypoesthesia are known to represent large fiber neuropathy.

Painful DPN and painless DPN share many common ele-
ments, but there are also differences between the two diseases. 

Painful DPN is associated more with obesity and greater auto-
nomic dysfunction than painless DPN [30,31]. A study by Ble-
sneac et al. [32] suggested a possibility of genetic difference be-
tween painful DPN and painless DPN by examining variants 
in the voltage-gated sodium channel Nav1.7. Unlike painless 
DPN which was found to have no genetic variant in 78 pa-
tients, 10 out of 111 painful DPN patients showed genetic vari-
ants. A recent report performed by Shillo et al. [33] studied 
difference between painful and painless DPN. According to 
the study, small fiber neuropathy was more severely manifested 
in the painful DPN. Considering that small fiber neuropathy 
manifests as pain, it can be assumed that small nerve fiber neu-
ropathy is more prominent in painful DPN than in painless 
DPN [30]. On the other hand, large nerve fibers are considered 
to be more related to painless DPN [28]. 

Previously reported studies on painful DPN and poor sleep 
quality showed that the painful sensation of DPN leads to poor 
sleep quality [11,12]. Gore et al. [11] reported that greater sleep 
problem was found in painful DPN patients than the general 
United States population. In a study of Zelman et al. [12], pain-
ful DPN showed significantly impaired sleep relative to the 
general population, the chronic disease sample, and posther-
petic neuralgia patients. Both studies used the Medical Out-
comes Study (MOS) Sleep Scale to evaluate sleep quality. To 
the best of our knowledge, however, no studies have investigat-

Table 3. Percentage of painless DPN and subscale analysis re-
sults of current perception threshold test, compared between 
the sleep quality groups

Variable All 
(n=146)

Good sleep 
quality 
group 

(n=76)

Poor sleep 
quality 
group 

(n=70)

P value

Painless DPN 76 (52.1) 27 (35.5) 49 (70.0) 0.001

Subscale results

   5 Hz 50 (34.2) 21 (27.6) 29 (41.4) 0.079

   250 Hz 42 (28.8) 20 (26.3) 22 (31.4) 0.495

   2,000 Hz 51 (34.9) 19 (25.0) 32 (45.7) 0.009

Hypoesthesia 38 (26.0) 14 (18.4) 24 (34.3) 0.029

Hyperesthesia 43 (29.5) 15 (19.7) 28 (40.0) 0.007

Values are presented as number (%).
DPN, diabetic peripheral neuropathy.

Table 4. Comparison of global PSQI scores, subscales, and 
poor sleep quality frequency between painless DPN and with-
out diabetic peripheral neuropathy

Variable Painless DPN 
(n=76)

No DPN 
(n=70) P value

Global PSQI 7.3±3.9 5.2±2.9 <0.001

Self-reported sleep quality 1.5±0.8 1.3±0.8 0.327

Sleep latency 1.5±1.2 1.1±1.0 0.009

Sleep duration 1.3±1.2 0.8±1.0 0.007

Sleep efficiency 0.7±1.0 0.3±0.7 0.006

Sleep disturbance 1.3±0.6 1.2±0.5 0.696

Use of sleep medications 0.3±0.9 0.1±0.4 0.052

Daytime dysfunction 0.7±0.8 0.6±1.3 0.485

Poor sleep qualitya 49 (64.5) 21 (30.0) <0.001

Values are presented as mean±standard deviation or number (%). 
Mean value of questionnaire points (0–3).
PSQI, Pittsburgh Sleep Quality Index; DPN, diabetic peripheral neu-
ropathy.
aThe percentage of participants whose global PSQI score is higher than 
5 points.
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ed the association between painless DPN and poor sleep quali-
ty. This study found significant differences in 2,000 Hz re-
sponses and hypoesthesia subscale results, indicators of large 
fiber neuropathy, between sleep quality groups with painless 
DPN. However, a causal relationship of large fiber neuropathy 
in poor sleep quality cannot be assumed. Previous studies have 
reported that oxidative stresses are associated with sleep disor-
ders, like obstructive sleep apnea and insomnia [34,35]. There-
fore, it can be hypothesized that inflammation and oxidative 
stress in painless DPN [9] might be the cause of poor sleep 

quality, even in the absence of pain or other neuropathic symp-
toms.

Among our study participants, comparison of factors other 
than CPT between the two sleep quality groups showed differ-
ences in the BMI, VFT, SFT, and HOMA-IR. Visceral obesity 
and insulin resistance have been reported to be associated with 
obstructive sleep apnea, an important cause of poor sleep qual-
ity [36,37]. Subcutaneous fat also was reported to be associated 
with sleep apnea in middle aged female [38]. A recent study by 
Kline et al. [39] in 2018, reported that sleep was an important 

Table 5. Logistic regression analysis of variables associated with poor sleep quality 

Variable

Poor sleep quality

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age 1.010 (0.987–1.034) 0.398 - -

Female sex 1.222 (0.634–2.356) 0.549 - -

Duration of T2DM 1.007 (0.968–1.048) 0.528 - -

HTN 1.387 (0.718–2.678) 0.330 - -

BMI 1.106 (1.021–1.198) 0.014 0.994 (0.872–1.134) 0.932

VFT 1.030 (1.009–1.050) 0.004 1.019 (0.991–1.049) 0.191

SFT 1.065 (1.007–1.127) 0.028 1.031 (0.955–1.113) 0.435

Current smoker 0.982 (0.479–2.012) 0.960 - -

Insulin use 1.681 (0.846–3.341) 0.138 - -

Statin use 1.219 (0.631–2.355) 0.556 - -

ARB use 1.600 (0.743–3.447) 0.230 - -

FPG 1.000 (0.995–1.005) 0.984 - -

Glycated albumin 0.964 (0.972–1.030) 0.964 - -

HbA1c 1.063 (0.928–1.217) 0.380 - -

Fasting insulin 1.401 (0.872–2.250) 0.164 - -

HOMA-IR 2.265 (1.265–4.054) 0.006 2.000 (1.021–3.919) 0.043

AST 1.042 (0.573–1.896) 0.893 - -

ALT 1.466 (0.903–2.379) 0.122 - -

TC 1.279 (0.489–3.344) 0.615 - -

LDL-C 0.997 (0.988–1.007) 0.569 - -

HDL-C 1.498 (0.496–4.520) 0.474 - -

Triglyceride 1.381 (0.818–2.331) 0.227 - -

eGFR 0.998 (0.984–1.012) 0.775 - -

Painless DPN 4.235 (2.115–8.479) 0.001 3.825 (1.674–8.742) 0.001

OR, odds ratio; CI, confidence interval; T2DM, type 2 diabetes mellitus; HTN, hypertension; BMI, body mass index; VFT, visceral fat thickness; 
SFT, subcutaneous fat thickness; ARB, angiotensin II receptor blocker; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; HOMA-
IR, homeostasis model assessment of insulin resistance; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TC, total cholesterol; 
LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; DPN, dia-
betic peripheral neuropathy.
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correlate of insulin resistance in postmenopausal women with 
metabolic syndrome. However, whether poor sleep is associat-
ed with visceral obesity or insulin resistance among T2DM pa-
tients remains unknown.

None of the glycemic indicators showed significant differ-
ences between sleep quality groups in this study. The associa-
tion between glucose control and sleep quality in T2DM pa-
tients is still not clear. A meta-analysis reported by Lee et al. 
[19] in 2017 suggested that poor sleep quality was associated 
with higher HbA1c levels. However, consistent with our study, 
Telford et al. [40] in 2018 reported no association between 
global PSQI and HbA1c. Other than research design and pop-
ulation demographics, one possible reason for the heterogene-
ity among the studies may be the difference in the assessment 
of sleep quality. The meta-analysis of Lee et al. [19] is consist of 
studies using different cut-off values (global PSQI score >5 to 
>9). Still, further studies are needed to clarify the association 
between glucose control and poor sleep quality in T2DM.

In PSQI subscale comparison, no significant difference in 
the daytime dysfunction was found between painless DPN and 
T2DM with no DPN groups. In 2010, Gandhi et al. [31] re-
ported that painful DPN is associated with greater autonomic 
dysfunction compared to painless DPN. Considering that au-
tonomic dysfunction is one of the factors that badly affect day-
time function, it can be assumed that daytime dysfunction of 
painless DPN is not as bad as painful DPN. Future studies are 
warranted to clarify the effect of sleep disorders by painless 
DPN on daytime function.

The current study has several limitations. First, this study 
was conducted among hospitalized T2DM patients who need-
ed intense treatment for hyperglycemia, and therefore do not 
represent the entire T2DM patient population. Considering 
that DPN usually develops with long time exposure to hyper-
glycemia, patients in our study were on a relatively short dura-
tion of diabetes and poor glycemic control. According to the 
American Diabetes Association position statement of DPN in 
2017 [10], not like type 1 diabetes mellitus, enhanced glucose 
control in T2DM shows only a modest risk reduction of devel-
oping DPN. This suggests that hyperglycemia may not be the 
only major factor contributing to the development of DPN. 
Since a certain amount of time of hyperglycemia to develop 
microvascular complications including DPN proceeds before 
diagnosing T2DM, the position statement recommends to as-
sess DPN at the initial diagnosis of T2DM. Considering that 
our participants showed relatively high glucose levels in spite 

of their short disease duration, it is possible that the patients 
had asymptomatic hyperglycemia for many years prior to di-
agnosis of their T2DM. Second, there are several limitations 
due to the retrospective design of the current study. We have 
excluded painful DPN by participants’ use of peripheral neu-
ropathy medications and it is possible that we have missed 
some symptomatic DPN patients who are not taking any of 
those medications. CPT was performed in the T2DM patients 
with absence of neuropathy symptoms. To find out more about 
the relationship between poor sleep quality and painless DPN, 
studies may be needed in the future to compare CPT with 
PSQI in painful DPN. Also, although drinking is an important 
factor in sleep disturbance, we only have dichotomous data on 
alcohol intake. In addition, factors like stress or sleep apnea 
should be included and evaluated in the future study. Third, 
the diagnosis of painless DPN was only made by CPT instead 
of other diagnostic tools including nerve conduction study 
(NCS), which is recommended as the standard measure of 
confirming DPN. There are many potential ways of evaluating 
DPN. A recent brief report suggests that using as many tests 
and tools as possible is important for early DPN diagnosis with 
and without neuropathic symptoms [41]. For small fiber neu-
ropathy, pinprick sensation test and thermal discrimination 
test is classically used. Skin punch biopsy is an objective, gold 
standard to assess small fibers by quantifying intra-epidermal 
nerve fibers. Corneal confocal microscopy is a non-invasive 
ophthalmic image test which is showing promising results on 
evaluation of C-fibers with consistency in many clinical trials 
[42]. Ankle reflex examination, vibrameters including 128-Hz 
tuning fork, proprioception test, and 10-g monofilament test 
are used in large fiber neuropathy assessment [10]. Consider-
ing that our current study regards more with the large fiber 
neuropathy, those examinations like 10-g monofilament test 
may be helpful in future studies to figure out more relevant evi-
dence between sleep quality and large fiber neuropathy. Still, 
although NCS is recommended as the test to confirm DPN, 
quantitative sensory test (QST) like CPT also has been widely 
used as a method of assessing DPN [43-46]. Furthermore, 
since CPT assesses the function of three major types of sensory 
fibers by using different impulse frequencies, it has been used 
as a tool of early detection of DPN including its painless type, 
which is required in current study design [47-50]. We also 
used CPT subscale tests which were not performed in the pre-
vious studies on DPN and poor sleep quality. Additionally, to 
the best of our knowledge, our study was the first to report the 
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association between painless DPN and sleep quality, using a 
widely-used objective device and questionnaire.

In conclusion, the current study showed that painless DPN 
was associated with poor sleep quality. Additional studies are 
needed to clarify the pathophysiologic causal relationship be-
tween painless DPN and sleep quality.
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