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Background: Cardiovascular autonomic neuropathy (CAN) is a common microvascular complication of diabetes and related to 
albuminuria in diabetic nephropathy (DN). Urinary N-acetyl-β-D-glucosaminidase (uNAG) is a renal tubular injury marker 
which has been reported as an early marker of DN even in patients with normoalbuminuria. This study evaluated whether uNAG 
is associated with the presence and severity of CAN in patients with type 1 diabetes mellitus (T1DM) without nephropathy.
Methods: This cross-sectional study comprised 247 subjects with T1DM without chronic kidney disease and albuminuria who 
had results for both uNAG and autonomic function tests within 3 months. The presence of CAN was assessed by age-dependent 
reference values for four autonomic function tests. Total CAN score was assessed as the sum of the partial points of five cardiovas-
cular reflex tests and was used to estimate the severity of CAN. The correlations between uNAG and heart rate variability (HRV) 
parameters were analyzed.
Results: The association between log-uNAG and presence of CAN was significant in a multivariate logistic regression model (ad-
justed odds ratio, 2.39; 95% confidence interval [CI], 1.08 to 5.28; P=0.031). Total CAN score was positively associated with log-
uNAG (β=0.261, P=0.026) in the multivariate linear regression model. Log-uNAG was inversely correlated with frequency-do-
main and time-domain indices of HRV.
Conclusion: This study verified the association of uNAG with presence and severity of CAN and changes in HRV in T1DM pa-
tients without nephropathy. The potential role of uNAG should be further assessed for high-risk patients for CAN in T1DM pa-
tients without nephropathy.
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INTRODUCTION

Diabetes has become the most common single cause of end-
stage renal disease [1]. Renal tubular damage occurs early in 
diabetic nephropathy (DN) and may play a pivotal role in the 

pathogenesis of DN [2]. Therefore, numerous studies have fo-
cused on different tubular damage markers that are clinically 
used as potential biomarkers for the early detection of DN. 
Urinary N-acetyl-β-D-glucosaminidase (uNAG) exists in the 
lysosomes of proximal tubule epithelial cells, and it has a mo-
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lecular weight of 130,000 to 140,000 daltons which cannot pass 
through the basal membrane of the renal glomerulus [3]. Be-
cause uNAG excretion is increased by proximal tubular cell in-
jury, uNAG has been suggested as a highly sensitive screening 
tool to detect early DN [4,5]. An increase in uNAG level al-
ready occurs in patients with diabetes without albuminuria [6]. 

Cardiovascular autonomic neuropathy (CAN) is another 
common microvascular complication of diabetes that affects 
autonomic nerve fibers innervating the heart and blood ves-
sels, causing impairment of heart rate variability (HRV) and 
other vasodynamic changes [7]. All diabetic complications 
share the similar mechanisms of vascular damage and are 
strongly interconnected [8], thus CAN is also related to micro-
albuminuria which is an early clinical manifestation of DN 
[1,9], and is suggested to be an independent predictor for pro-
gression of DN [10,11]. However, it is unknown whether uNAG, 
a marker for early DN, is related to CAN in diabetic subjects 
without albuminuria and chronic kidney disease (CKD).

Therefore, the aim of this study was to evaluate whether 
uNAG level is positively associated with the presence and sever-
ity of CAN in patients with type 1 diabetes mellitus (T1DM), 
particularly those without CKD and albuminuria. We further 
investigated the relationship between uNAG level and each of 
the parameters achieved by HRV test.

METHODS

Inclusion and exclusion criteria 
We sequentially retrieved medical records from 353 subjects 
with T1DM aged at least 19 years and with results for urinary 
markers and diabetic autonomic function tests at the same 
time or within 3 months between February 2016 and June 2018 
at the Diabetes Clinic of Samsung Medical Center, Seoul, Ko-
rea. T1DM was defined as β-cell destruction, which was iden-
tified by clinical characteristics, fasting C-peptide level lower 
than 0.6 ng/mL, glucagon-stimulated C-peptide lower than 1.8 
ng/mL, or positive results for anti-glutamic acid decarboxylase 
antibody [12].

We excluded subjects with a previous history of medical co-
morbidities, those with CKD stage 3 to 5 based on estimated 
glomerular filtration rate (eGFR) calculated using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) for-
mula, and those with at least two sequential results of microal-
buminuria or one result of macroalbuminuria. Considering 
the effect of the drug on the results of autonomic function 

tests, subjects on β-blockers or diuretics were excluded. 
The following clinical data was obtained from individual re-

view of the medical records: age, sex, body mass index, dura-
tion of diabetes, comorbidities, systolic and diastolic blood 
pressure, current smoking status, type of insulin therapy, use of 
anti-hypertensive agents including angiotensin-converting en-
zyme inhibitor (ACEI) or angiotensin II receptor blocker 
(ARB), use of lipid-lowering agents, results of autonomic func-
tion tests, and levels of glycosylated hemoglobin (HbA1c), gly-
coalbumin (GA), fasting C-peptide, total cholesterol, high and 
low density lipoprotein cholesterol, and triglycerides. This 
study protocol was approved by the Institutional Review Board 
(IRB) of Samsung Medical Center (IRB-No 2019-12-087-001) 
and was performed according to the Declaration of Helsinki. 
Written informed consent by the patients was waived due to a 
retrospective nature of our study.

Assessment of urinary markers
The uNAG level was measured along with urinary excretion of 
albumin and creatinine. The 6-methyl-2-phylidil-N-acetyl-1-
thio-β-D-glucosaminide (MPT-NAG) substrate method (Nit-
tobo Medical, Tokyo, Japan) was used to quantify uNAG. The 
level of uNAG was divided by urinary creatinine excretion and 
expressed as U/g Cr, which is a standard international unit. The 
coefficient of variation for uNAG was 5%. The level of uNAG 
was measured from 0.8 to 300 IU/L.

The immunoturbidimetric method was used to measure uri-
nary albumin level, and the kinetic Jaffe method was used to 
measure urinary creatinine level. The urine albumin-to-creati-
nine ratio (uACR) was used to standardize the results. Accord-
ing to the National Kidney Foundation and the American Dia-
betes Association, normal uACR level is lower than 30 µg/mg, 
albuminuria is uACR greater than or equal to 30 µg/mg, and 
macroalbuminuria is greater than or equal to 300 µg/mg [13,14].

Assessment of cardiovascular autonomic neuropathy
As suggested by Ewing et al. [15], the presence and severity of 
CAN were evaluated based on the result of five cardiovascular 
autonomic function tests. In the outpatient clinic, patients re-
ceived a protocol to reduce the effect of other drugs or behav-
iors. Patients were asked to avoid smoking, alcohol, and in-
tense physical exercise for 24 hours before the tests. Intake of 
food or coffee was also banned for 3 hours before the tests. 
Taking medications such as antihistamines, antidepressants, 
acetaminophen, β-blockers, and diuretics were prohibited for 
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12 hours before the tests.
The presence of CAN was defined as two or more abnormal 

results from three parasympathetic function tests according to 
an age-specific reference, regardless of the presence of ortho-
static hypotension. Parasympathetic function tests include 
heart rate responses during positional change from supine to 
standing (30:15 ratio), during the Valsalva maneuver (Valsalva 
ratio), and during deep breathing (exhalation-to-inhalation 
ratio) [16]. Heart rate responses were measured automatically 
from electrocardiography recordings using the DICAN evalu-
ation system (Medicore Co. Ltd., Seoul, Korea).

To estimate the severity of CAN, total CAN score was as-
sessed as the sum of the partial points obtained from five stan-
dard cardiovascular reflex tests. Each of the three parasympa-
thetic function tests was graded as 0 for normal and 1 for ab-
normal results. The parasympathetic function test results were 
graded using age-specific reference ranges [17]. Two sympa-
thetic function tests comprise blood pressure responses during 
sustained handgrip and while standing. Each of the two sym-
pathetic function tests was graded as 0 for normal, 0.5 for bor-
derline, and 1 for abnormal result.

To analyze the change in HRV, beat-to-beat heart rate was 
measured for 5 minutes at rest. Frequency-domain analysis was 
performed using low frequency (LF; 0.04 to 0.15 Hz) and high 
frequency (HF; 0.15 to 0.40 Hz) spectral components. Time-
domain analysis was performed based on the standard devia-
tion of NN intervals (SDNN) and the root mean square of suc-
cessive RR interval differences (RMSSD).

Assessment of other clinical variables
HbA1c level was measured by high-performance liquid chro-
matography using a VARIANT II TURBO analyzer (Bio-Rad 
Laboratories, Hercules, CA, USA). Serum GA level was mea-
sured by an enzymatic method using a Lucica GA-L kit (Asahi 
Kasei Pharma Corporation, Tokyo, Japan). The reference in-
terval for HbA1c was 4.0% to 6.0%, and that for GA was 11.0% 
to 16.0%. Hypertension was defined as a systolic blood pres-
sure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg. 
Subjects using antihypertensive medications were also counted 
as having hypertension.

Statistical analyses
Data are shown as mean±standard deviation, median (inter-
quartile range: 25th to 75th percentile), or number (percent-
age). To compare baseline characteristics, the Student’s t-test 

and Mann-Whitney U test were used for continuous variables 
according to data distribution, and Pearson’s chi-square test 
was used for categorical variables. Log-transformation was 
used to achieve a normal distribution in cases of skewed data. 
Due to the non-normality distribution of the uNAG level that 
exhibited a right-skewed pattern (Kolmogorov-Smirnov P< 
0.01), natural log-transformed uNAG (log-uNAG, Kolmogorov-
Smirnov P=0.200) was used in the correlation analyses and re-
gression models. Correlation between parameters was assessed 
by Pearson’s correlation coefficient. 

Univariate and multivariate logistic regression analysis mod-
els were established to represent the independent association 
between uNAG and presence of CAN. Among the risk factors 
and potential confounders, age, log-transformed HbA1c, and 
eGFR were factors with P<0.10 on univariate logistic regres-
sion and were included in the multivariate logistic regression 
analysis.

The association between uNAG and severity of CAN, de-
fined using CAN stage, was analyzed using linear regression 
analyses. The factors with P<0.10 in a univariate model were 
selected and further adjusted in multivariate linear regression 
analysis. 

The collinearity of independent variables was assessed using 
the variance inflation factor (VIF) test. A VIF ≥5 was consid-
ered to indicate collinearity. There was no collinearity in the 
analyses that included the above variables.

Correlation analyses were performed to investigate the rela-
tionship between log-uNAG level and each of the natural log-
transformed HRV parameters (i.e., LF, HF, SDNN, and RMS-
SD [log-LF, log-HF, log-SDNN, and log-RMSSD]). All statisti-
cal analyses were performed using SPSS statistics software ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). Two-tailed P values 
less than 0.05 were considered statistically significant.

RESULTS

Study subjects 
Among the 353 subjects, those with a previous history of med-
ical comorbidities such as cardiovascular disease (n=10), 
stroke (n=3), liver cirrhosis (n=3), or any malignancy (n=15) 
were excluded from the analysis. Subjects with an eGFR <60 
mL/min/1.73 m2 (n=33) or albuminuria (n=35) were also ex-
cluded. Subjects who were taking β-blockers (n=2) or diuret-
ics (n=5) were excluded. Finally, a total of 247 subjects were 
enrolled (Fig. 1). 
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The baseline clinical characteristics of the study subjects ac-
cording to presence of CAN are described in Table 1. Patients 
with CAN were younger, had higher levels of eGFR, and a 
higher proportion of patients with HbA1c ≥9% than patients 
without CAN. No significant difference was seen in level of 
uNAG between the no CAN and CAN groups. The proportion 
of patients using insulin, ACEI/ARB, calcium channel block-
ers, β-blockers, lipid lowering drugs, or anti-platelet drugs did 
not differ between the two groups.

Associations between uNAG and presence of CAN
As presented in Table 2, the multivariate analysis model adjust-
ing for age, log-transformed HbA1c and eGFR, showed log-
uNAG was significantly associated with the presence of CAN 
(odds ratio [OR], 2.28; 95% confidence interval [CI], 1.06 to 
4.92; P=0.035). After further adjustment for use of ACEI/ARB, 
uNAG was significantly associated with the presence of CAN 
(OR, 2.39; 95% CI, 1.08 to 5.28; P=0.031). The log-uACR level 
was positively associated with log-uNAG level (Pearson’s cor-
relation R2=0.0857, P<0.001). When log-uACR was adjusted 
for, log-uNAG was not associated with the presence of CAN, 
whereas log-uACR was positively associated with the presence 
of CAN (data not shown). 

Association between uNAG and total CAN score
The results of univariate and multivariate linear regression 
analyses between log-uNAG level and total CAN score are 
shown in Table 3. We found a significant positive association 

between log-uNAG and total CAN score in multivariate analy-
sis after correcting for age, log-HbA1c, and eGFR (β=0.278, 
P=0.023). After further adjustment for DM duration and use 
of ACEI/ARB, uNAG was significantly associated with total 
CAN score (β=0.261, P=0.026). When log-uACR was includ-
ed for adjustment, total CAN score was positively associated 
with log-uACR and not associated with log-uNAG (data not 
shown).

Association between uNAG and HRV parameters
Scatter plots of Pearson’s correlation coefficient between natural 
log-transformed HRV parameters and log-uNAG are shown in 
Fig. 2. Not only frequency-domain indices such as log-LF (Pear-
son’s correlation R2=0.0882, P<0.001) and log-HF (R2=0.0802, 
P<0.001), but also time-domain indices such as log-SDNN 
(R2=0.0757, P<0.001) and log-RMSSD (R2=0.0659, P<0.001) 
were inversely correlated with log-uNAG. 

DISCUSSION

In this study, we found that uNAG level was independently as-
sociated with the presence and severity of CAN in T1DM pa-
tients without overt CKD and albuminuria. Furthermore, ele-
vated uNAG level was correlated with a decrease in HRV indi-
ces which were the earliest CAN findings. 

The relationship between uNAG and diabetes micro/macro-
complications was not well identified until now. A previous 
study showed that uNAG was higher in diabetic patients with 

Fig. 1. Flowchart for selection of study subjects. uNAG, urinary N-acetyl-β-D-glucosaminidase; uACR, urine albumin-to-creati-
nine ratio; GFR, glomerular filtration rate. 

Subjects with type 1 diabetes mellitus who underwent test for urinary markers (uNAG, 
uACR) and autonomic function test between February  2016 and June 2018 (n=353)

Subjects included in the final analysis (n=247)

Excluded (n=106)
Cardiovascular disease at baseline (n=10)
Cerebral stroke  (n=3)
Estimated GFR <60 mL/min/1.73 m2  (n=33)
Decompensated liver cirrhosis (n=3)
Cancer on treatment  (n=15)
Presence of albuminuria (n=35)
Use of β-blockers or diuretics  (n=7)
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Table 1. Clinical characteristics according to presence of CAN in subjects with type 1 diabetes mellitus without albuminuria

Characteristic Total (n=247) No CAN (n=207, 83.8%) CAN (n=40, 16.2%) P value

Age, yr 38.2±12.1 39.3±12.5 32.6±7.8 0.001
Male sex 106 (42.9) 90 (43.5) 16 (40.0) 0.684
Duration of diabetes, yr 10.8±7.5 10.6±7.3 11.8±8.2 0.367
Body mass index, kg/m2 22.7±3.5 22.8±3.4 22.4±3.8 0.496
Current smokera 19 (9.3) 16 (9.5) 3 (8.6) 0.868
Hypertension 62 (25.1) 49 (23.7) 13 (32.5) 0.409
Systolic BP, mm Hg 119.4±16.0 119.8±16.3 117.4±14.6 0.389
Diastolic BP, mm Hg 74.8±10.6 74.7±10.4 75.4±11.8 0.739
Fasting plasma glucose, mg/dL 157.3±67.6 154.3±66.7 172.8±71.3 0.115
HbA1c, % 7.4 (6.7–8.3) 7.3 (6.6–8.3) 7.7 (7.1–8.7) 0.076
   <7.0 79 (32.0) 70 (33.8) 9 (22.5) 0.160
   ≥7.0 and <9.0 137 (55.5) 115 (55.6) 22 (55.0) 0.948
   ≥9.0 31 (12.6) 22 (10.6) 9 (22.5) 0.038
Glycoalbumin, % 22.5±5.9 22.2±5.7 24.4±7.0 0.067
Glycoalbumin-to-A1c ratio 2.9±0.4 2.9±0.4 3.0±0.4 0.296
C-peptide, ng/mLb 0.02 (0.02–0.23) 0.02 (0.02–0.23) 0.02 (0.02–0.39) 0.521
eGFR, mL/min/1.73 m2 106.0±15.2 105.2±14.4 114.1±14.4 <0.001
   ≥60 and <90 36 (14.6) 31 (15.0) 5 (12.5) 0.685
   ≥90 211 (85.4) 176 (85.0) 35 (87.5) 0.685
Urinary NAG, IU/gCr 6.2 (4.1–8.6) 6.10(3.9–8.2) 6.4 (4.6–11.0) 0.120
Lipid profiles, mg/dL
   Total cholesterol 171.3±31.8 170.0±30.5 178.0±37.5 0.150
   Triglycerides 86.6±85.9 85.2±90.9 93.7±53.4 0.568
   HDL-C 72.7±18.7 72.2±18.8 75.3±18.0 0.340
   LDL-C 98.5±27.8 97.7±27.1 103.0±31.0 0.280
Parameters of heart rate variability test
   LF, ms2 132.7 (50.2–319.4) 145.4 (53.8–331.1) 84.7 (15.2–195.1) 0.007
   HF, ms2 116.0 (44.7–295.6) 120.9 (50.5–329.5) 50.8 (11.8–235.3) 0.003
   SDNN, ms 29.1 (18.5–43.8) 29.8 (19.8–44.7) 19.2 (11.2–37.7) 0.001
   RMSSD, ms 20.1 (13.0–33.8) 20.9 (14.3–34.3) 12.1 (6.1–30.8) 0.001
Type of insulin regimen
   Intensive treatmentc 244 (98.8) 204 (98.6) 40 (100.0) 0.999
   Othersd 3 (1.2) 3 (1.4) 0 0.999
Use of anti-hypertensive drugs
   ACEI or ARB 21 (8.5) 14 (6.8) 7 (17.5) 0.055
   Calcium channel blocker 13 (5.3) 10 (4.8) 3 (7.5) 0.448
   β-Blocker 0 0 0 -
   Diuretics 0 0 0 -
Use of lipid lowering drug 110 (44.5) 96 (46.4) 14 (35.0) 0.185
Use of anti-platelet drug 16 (6.5) 16 (7.7) 0 0.082

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
CAN, cardiovascular autonomic neuropathy; BP, blood pressure; HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; NAG, N-
acetyl-D-glucosaminidase; HDL-C, high density lipid cholesterol; LDL-C, low density lipid cholesterol; LF, low frequency; HF, high frequency; SDNN, 
standard deviation of all NN intervals; RMSSD, root mean square of successive RR interval differences; ACEI, angiotensin-converting enzyme inhibitor; 
ARB, angiotensin II receptor blocker.
aMeasured in 208 subjects, bMeasured in 241 subjects, cMultiple daily insulin treatments or insulin pump, dBasal insulin or premixed insulin. 
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at least one microvascular complication including retinopathy, 
microalbuminuria, or peripheral neuropathy, than in those 
without any complications, suggesting the possibility of uNAG 
as an early marker of microvascular complications [18]. Not 
only microvascular complications but carotid artery athero-
sclerosis was also associated with uNAG level in T1DM pa-
tients [19]. 

Our study primally presented the significant association be-
tween uNAG level and CAN in patients with T1DM. A single 
previous study suggested the possibility of uNAG as an inde-
pendent marker for CAN in patients with T2DM by analyzing 
E:I ratio and 30:15 ratio [20]. We defined CAN more specifi-
cally by using five parameters from the Ewing test which repre-
sent both sympathetic and parasympathetic function.

Table 2. Univariate and multivariate logistic regression models for associations between uNAG and presence of CAN 

Variable Univariate OR 
(95% CI) P value Adjusted OR 

(95% CI)a P value Adjusted OR 
(95% CI)b P value

Age 0.95 (0.91–0.98) 0.002 0.96 (0.91–1.01) 0.092 0.95 (0.91–1.00) 0.051

Male sex 0.87 (0.44–1.73) 0.684

Duration of diabetes 1.02 (0.98–1.07) 0.366

Body mass index 0.96 (0.87–1.07) 0.495

Current smoking status 0.90 (0.25–3.26) 0.868

Systolic BP 0.99 (0.97–1.01) 0.387

Diastolic BP 1.01 (0.97–1.04) 0.738

HbA1c, log unit 7.18 (1.17–44.05) 0.033 2.16 (0.28–16.62) 0.460 1.69 (0.21–13.95) 0.626

eGFR 1.05 (1.02–1.09) 0.001 1.03 (0.99–1.07) 0.202 1.03 (0.99–1.08) 0.128

Use of ACEI/ARB 2.92 (1.10–7.79) 0.032 5.88 (1.86–18.61) 0.003

uNAG, log unit 1.72 (0.92–3.22) 0.088 2.28 (1.06–4.92) 0.035 2.39 (1.08–5.28) 0.031

uNAG, urinary N-acetyl-β-D-glucosaminidase; CAN, cardiovascular autonomic neuropathy; OR, odds ratio; CI, confidence interval; BP, blood 
pressure; HbA1c, glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, 
angiotensin II receptor blocker.
aAdjusted for age, log-transformed HbA1c, and eGFR, bAdjusted for age, log-transformed HbA1c, eGFR, and use of ACEI/ARB.

Table 3. Univariate and multivariate linear regression models for associations between uNAG and total CAN score

Variable Univariate β±SE P value Adjusted β±SEa P value Adjusted β±SEb P value

Age –0.014±0.005 0.003 –0.018±0.007 0.012 –0.024±0.007 0.001

Male sex –0.073±0.119 0.539

Duration of diabetes 0.019±0.008 0.018 0.021±0.008 0.011

Body mass index –0.011±0.017 0.501

Current smoker –0.148±0.224 0.510

Systolic BP –0.006±0.004 0.114

Diastolic BP 0.000±0.006 0.961

HbA1c, log unit 0.700±0.337 0.039 0.338±0.363 0.352 0.341±0.351 0.333

eGFR 0.010±0.004 0.015 0.000±0.006 0.968 0.001±0.005 0.823

Use of ACEI/ ARB 0.709±0.207 0.001 0.652±0.213 0.002

uNAG, log unit 0.195±0.106 0.068 0.278±0.121 0.023 0.261±0.116 0.026

uNAG, urinary N-acetyl-β-D-glucosaminidase; CAN, cardiovascular autonomic neuropathy; SE, standard error; BP, blood pressure; HbA1c, 
glycosylated hemoglobin; eGFR, estimated glomerular filtration rate; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II re-
ceptor blocker. 
aAdjusted for age, log-transformed HbA1c, and eGFR, bAdjusted for age, duration of diabetes, log-transformed HbA1c, eGFR, and use of ACEI/ARB.
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Frequency- and time-domain indices of HRV are commonly 
measured to assess autonomic function and HRV reduction 
represents early cardiac autonomic dysfunction and increased 
risk for cardiovascular morbidity [21]. LF and HF mainly re-
flect the activity of the parasympathetic nerve system (PNS), 
even in asymptomatic CAN at the early stage [22]. SDNN and 
RMSSD are influenced by PNS and reflect the vagally mediat-
ed changes in HRV [23]. In this study, we confirmed that an 
increase in uNAG level is correlated with a reduction in HRV 
indices (LF, HF, SDNN, and RMSSD), the earliest indicator of 
CAN, suggesting uNAG could be a potential marker for early 
autonomic dysfunction in patients with T1DM. 

Previous studies suggested a few mechanisms by which 
CAN might play a role in the progression of CKD in T1DM 
patients [24]. In the early phase of autonomic dysfunction, de-
nervation in the peripheral PNS occurs and cardiac sympa-

thetic nervous system tone increases in compensation [25]. As 
time passes, sympathetic denervation develops and induces re-
nal hemodynamic changes resulting in albuminuria and de-
creased renal function [26,27]. However, intrarenal vasocon-
striction can cause renal tubular hypoxia and dysfunction 
which develop earlier than microalbuminuria in patients with 
diabetes, and can be detected the increased uNAG level [28]. 
The significant association between CAN and uNAG in T1DM 
patients without albuminuria, which is supported in the cur-
rent study, is in line with the previous description. 

The severity of CAN was associated with higher uNAG level, 
suggesting that increase of uNAG might be related to an ad-
vanced CAN stage. Because CAN correlates with increased 
cardiovascular mortality, predicting CAN is crucial to deter-
mine high CVD risk patients [29]. Overall, our results suggest 
that uNAG might be used as a simple and fast screening tool 

Fig. 2. Scatter plots of Pearson’s correlation coefficients between parameters of heart rate variability and urinary N-acetyl-β-D-
glucosaminidase (uNAG) in subjects with type 1 diabetes mellitus without albuminuria. (A) Correlation between log-low fre-
quency (LF) and log-uNAG (Pearson’s correlation R2=0.0882, P<0.001). (B) Correlation between log-high frequency (HF) and 
log-uNAG (Pearson’s correlation R2=0.0802, P<0.001). (C) Correlation between log-standard deviation of all NN intervals 
(SDNN) and log-uNAG (Pearson’s correlation R2=0.0757, P<0.001). (D) Correlation between log-root mean square of successive 
RR interval differences (RMSSD) and log-uNAG (Pearson’s correlation R2=0.0659, P<0.001).
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for detecting CAN and high CVD risk patients, even in pa-
tients without overt DN.

This study has several limitations. First, the influence of cer-
tain medications affecting autonomic function and the level of 
albuminuria could not be completely removed. However, to ad-
dress the influence of such medications, we excluded patients 
on β-blockers or diuretics and adjusted for use of ACEI or ARB 
(as dichotomized variables) in multivariate analysis models. 
Second, the study had a cross-sectional design, which is cannot 
establish causality for the included factors. Although the tests 
for CAN and uNAG were conducted at different times in some 
patients, the time interval was limited to 3 months between 
tests as several previous studies had allowed the same interval 
between autonomic function tests and other laboratory param-
eters, including proteinuria or glucose level in patients with dia-
betes [17,30-32]. Indeed, we confirmed that no change in medi-
cation for each patient had occurred during the testing interval. 
Also, our results are not representative of all T1DM cases in Ko-
rea because the data were obtained from one general hospital. 
The results of the current study suggest the necessity for a longi-
tudinal study in a representative population to investigate the 
potential role and mechanism of uNAG in the pathophysiology 
of CAN in T1DM patients without DN.

This study showed that a higher uNAG level was associated 
with CAN prevalence and severity in T1DM patients without 
CKD and albuminuria. An increase in uNAG level was also 
correlated with early CAN findings, presented by changes in 
HRV in T1DM patients with normoalbuminuria. The results 
of the current study suggest the potential role for uNAG as a 
marker for CAN in T1DM patients without albuminuria. 
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