Neurol Sci (2017) 38:1381-1390
DOI 10.1007/s10072-017-2946-1

@ CrossMark

ORIGINAL ARTICLE

Can both normal and mildly abnormal albuminuria
and glomerular filtration rate be a danger signal for diabetic
peripheral neuropathy in type 2 diabetes mellitus?

Yongze Zhang' - Ying Jiang' - Ximei Shen' - Sunjie Yan'

Received: 23 November 2016 /Accepted: 1 April 2017 /Published online: 6 May 2017

© Springer-Verlag Italia 2017

Abstract We aimed to investigate the potential association
between urinary albumin-to-creatinine ratio (UACR) and es-
timated glomerular filtration rate (¢GFR) and diabetic periph-
eral neuropathy (DPN). We were especially interested in the
relationship between normal or mildly abnormal UACR and
eGFR with DPN. A retrospective study was performed in
1059 patients with type 2 diabetes patients from Fuzhou,
China, who were seen between 2010 and 2015. The DPN
population demonstrated higher UACR and lower eGFR than
the non-DPN population. Nerve conduction velocities
(NCVs) were negatively correlated with UACR and were pos-
itively correlated with eGFR. UACR and eGFR were associ-
ated with the risk of DPN. Even in the UACR < 30 mg/g and
eGFR > 60 ml/min/1.73 m? groups, the relationship above still
existed and patients in the highest tertiles of UACR and lowest
tertiles of eGFR demonstrated a greater risk of DPN
(OR = 2.456, 95% CI 1.461-4.127; OR = 2.021, 95% CI
1.276-3.203). Receiver operating characteristic (ROC) analy-
sis revealed that the area under curve (AUC) of UACR, eGFR,
and joints indicates that DPN was 0.749, 0.662, and 0.731,
respectively. Lower eGFR and higher UACR may be associ-
ated with the risk of DPN, even though normal or mildly
abnormal UACR and eGFR have already been found to be
predictive factors of DPN. Further, UACR is more sensitive
than eGFR. Separately, UACR was a moderate indication of
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DPN, and combining it with eGFR did not increase its effect
of indication to DPN.
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Introduction

Diabetic peripheral neuropathy (DPN) is one of the most sig-
nificant complications associated with diabetes [1]. Previous
studies have shown the prevalence of DPN in patients with
diabetes to be about 20-30%; of these, 30 to 40% do not have
subjective symptoms [2, 3]. DPN seriously affects the quality
of life in patients with diabetes. Nerve conduction velocity
(NCV) is the gold standard for diagnosing peripheral neurop-
athy [1]. However, few patients receive appropriate neurolog-
ical examination in a timely manner. It is therefore necessary
to research early warning signs of DPN in order to improve
early detection of DPN.

Researchers have suggested various etiologies and patho-
geneses of DPN, including vascular lesions, metabolic disor-
ders [4], oxidative stress [5], and lack of neurotrophic factors
[6]; among these, vascular factors play an important role in
DPN occurrence and development [4]. DPN is closely related
to a variety of vascular complications, including microangi-
opathy and macroangiopathy inpatients with diabetes [7-9].
As microvascular complications, DPN and diabetic nephrop-
athy (DN) are major contributors to the morbidity associated
with diabetes, and they affect a large number of patients [1,
10]. A gene/network-level comparison of DN and DPN re-
veals that they share common pathogenic mechanisms but
also have distinct characteristics [11]. Studies have shown that
there are common risk markers for DPN including diabetic
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retinopathy (DR) and DN [9, 12]. Research has also shown
that albuminuria and estimated glomerular filtration rate
(eGFR) are not the only indicators of renal function impair-
ment in DN and that they are also associated with DR, DPN,
cardiac autonomic neuropathy (CAN), and other diabetes-
related complications [13, 14]. Early cohort studies with small
sample populations have demonstrated that the urinary
albumin-to-creatinine ratio (UACR) is independently associ-
ated with DPN in patients with diabetes over the course of
10 years [15]. Studies of eGFR have reached conflicting con-
clusions. Some studies have found that even though serum
cystatin C is independently associated with DPN and may
be a potential biomarker of DPN, GFR is not an independent
risk marker of DPN [16]. However, Yang et al. [17] found that
low levels of eGFR (<60 ml/min/1.73 m?) were associated
with DPN. However, there are limited reports on the correla-
tion between DPN with normal or mild abnormal UACR and
eGFR. Additionally, there are few reports on UACR com-
bined with eGFR for evaluating the risk of DPN. Our study
aims to investigate the correlation between UACR, eGFR, and
DPN, including the correlation between normal or mildly ab-
normal UACR and eGFR with DPN, and the feasibility of
using these factors to evaluate DPN. We have also looked
for potential associations between UACR, eGFR, and DPN,
in order to find early warning signs that would indicate a need
for DPN screening.

Material and methods
Study population

Between May 1, 2010 and June 30, 2015, 1059 patients with
type 2 diabetes (average age 60.29 years) were recruited from
the Endocrinology and Neurology Department at the First
Affiliated Hospital of Fujian Medical University. The popula-
tion included 589 males and 470 females. No patients enrolled
in the study had a history of neurotrophic drug use. The
American Diabetes Association standards for type 2 diabetes
mellitus diagnosis were used [18]. Patients with the following
conditions were excluded: (i) type 1 diabetes, gestational dia-
betes, and other types of diabetes, diabetic ketoacidosis,
hyperosmolar nonketotic comas; (ii) other neuropathic condi-
tions including chronic inflammatory demyelinating
polyradiculoneuropathy (CIPD), mononeuropathy, or condi-
tions caused by vitamin B deficiency and thyroid dysfunction;
(iii) other diseases including Guillain-Barre syndrome, cere-
bral infarction, complicated with degenerative changes in cer-
vical and lumbar vertebra, severe arteriovenous vascular dis-
ease (venous embolism, lymphatic inflammation); and (iv)
other nerve lesions caused by drugs, including chemotherapy
drugs. This study was approved by the Ethics Committee of
Biomedical Research of the First Affiliated Hospital of Fujian
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Medical University, and all of the participants provided signed
informed consent.

Clinical measurements

Information regarding patient demographic characteristics,
disease duration, lifestyle, medical history, and drug use his-
tory was obtained from medical records. Symptoms of somat-
ic neuropathy were documented, including numbness, burn-
ing, deep aching, and unsteadiness in walking. First, all pa-
tients had a neurological symptom history taken and were
given a physical examination that included height, weight,
blood pressure, and a neurological examination. During the
neurological examination, touch sensation was tested using a
10 g monofilament, pain sensation was tested using a pin,
reflexes were tested using a tendon hammer, and vibration
sensation was tested using a standard 128 Hz tuning fork.
Blood pressure was measured after 15 min of rest. Body
weight and height were measured with the patient barefoot
and wearing light clothes. Body mass index (BMI, kg/m?)
was determined by dividing weight (in kilograms) by height
(in meters squared).

Biochemical measurements

After a 10-h overnight fast, venous blood samples were col-
lected for measuring fasting plasma glucose, lipids, creatinine
(Scr), uric acid, routine hematological and biochemical pa-
rameters, and glycated hemoglobin Alc (HbAlc). UACR
was calculated by dividing urine albumin by urine creatinine
during morning urine collection (mg/g). Glomerular filtration
rate (GFR) was estimated based on serum creatinine concen-
tration using the modification of diet in renal disease formula:
estimated GFR = eGFR (ml/min) = 186 x [SCr mmol/l) /
88.417"15% x age 920 (x0.724 for female).

We define eGFR and UACR categories based on the
Kidney Disease: Improving Global Outcomes standards
[19]: G1: normal or high (eGFR > 90 ml/min/1.73 m?), G2:
mildly decreased (¢GFR 60-89 ml/min/1.73 mz), G3: mildly
to severely decreased (eGFR 30-59 ml/min/1.73 m?), G4:
severely decreased (eGFR 15-29 ml/min/1.73 m?), G5: kid-
ney failure (eGFR < 15 ml/min/1.73 m?), Al: normal to mild-
ly increased (UACR < 30 mg/g), A2: moderately increased
(UACR 30-300 mg/g), and A3: severely increased
(UACR > 300 mg/g).

Neuropathy assessment

Testing was performed on each participant by the same expe-
rienced physicians using standard procedures. The results
were evaluated using age-related reference values.
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Nerve conduction velocity tests Electromyography (EMG)
(key point, Alpine Biomed ApS, Denmark) was performed on
each subject to assess ulnar, median motor nerve conduction
velocity (MCV), sensory nerve conduction velocity (SCV),
tibial, common peroneal nerve MCV and their sensory
branches, and superficial peroneal, sural SCV. The normal
reference values are based on the results of an epidemiological
survey conducted in the Chinese population in 1984 by Tang
etal. [20]. The threshold for the slowed NCV was set at <20%
of the control NCV. When two or more nerves tested as ab-
normal, nerve conduction (NC) was considered abnormal.
There were no interference sources in the examination room,
and the environment was kept quiet. The examination room
temperature was kept at 18-25 °C, and local skin temperature
was kept constant (28-30 °C).

Diagnosis of DPN The diagnosis of DPN was based on the
criteria proposed by an International European and North
American Expert Committee [1]. DPN is defined as patients
with diabetes (having or not having clinical symptoms and
signs) who have abnormal nerve conduction velocity, includ-
ing both diagnosis and subclinical DPN (when there are no
signs or symptoms of neuropathy, DPN is confirmed with
abnormal nerve conductions).

Statistical analysis

We used SPSS version 18.0 for Windows (Chicago, IL, USA)
to perform statistical analysis. The data were expressed as the
median with the 25th and 75th quartiles for skewed data or as
the mean (SD) for normally distributed data. Differences be-
tween groups were evaluated by the non-parametric test or the
Student’s ¢ test. ANOVA was used to assess multiple compar-
isons among groups. Percentages were compared using the
chi-squared test. Spearman’s correlation analysis was per-
formed to explore the interrelationship between UACR,
eGFR, and NCV. Multivariate logistic regression analysis
was performed to identify independent factors for DPN.
Forest plots were drawn using a GraphPad Prism. Receiver
operating characteristic (ROC), drawn by SPSS version 18.0,
was performed to identify the optimal cutoff point of UACR
and eGFR for indicating DPN. Statistical significance was
determined with P < 0.05.

Results

Study population characteristics

A total of 1059 patients (mean age, 60.29 + 11.52 years;
male/female, 589/470; and mean diabetes duration,

8.20 £ 6.81 years) were enrolled in this study. Among these
patients, 642 patients did not have DPN and 417 patients had

DPN confirmed by EMG. Of the patients with DPN, 352 were
diagnosed by clinical evidence and an EMG confirmed and 65
had subclinical DPN. The clinical characteristics of the pa-
tients with DPN (clinical DPN and subclinical DPN) and with-
out DPN are given in Table 1. The two groups (DPN and non-
DPN) had a similar constituent ratio of age and gender. The
medications being used by the two groups were not found to
be statistically significant, with the exception of differences
between insulin and renin-angiotensin-aldosterone system
(RAAS) blockers. Compared with patients who did not have
DPN, a significant number of patients with DPN had a longer
duration of diabetes and higher prevalence rates of hyperten-
sion, retinopathy, and diabetic foot (both P < 0.001). Systolic
blood pressure and HbAlc, BUN, Cr, UA, and UACR levels
were all higher (both P < 0.001) for patients with DPN. EGFR
was lower in patients with DPN (P < 0.001). No significant
differences were observed in BMI, FPG, TC, TG, HDL cho-
lesterol (HDL-C), and LDL cholesterol (LDL-C) levels.
Further analysis was performed among the three groups of
clinical DPN, subclinical DPN, and non-DPN. The three
groups also had a similar constituent ratio of age and gender.
The insulin and RAAS blockers being used by the three
groups were found to be statistically significant. A longer
duration of diabetes, higher prevalence of retinopathy, higher
prevalence of diabetic foot, higher systolic blood pressure, and
higher HbA1c, BUN, Cr, UA, and UACR while EGFR was
lower were found in clinical DPN and subclinical DPN com-
pared with non-DPN T2DM patients (all P < 0.05). Data are
shown in Table 1. In the next section, clinical DPN and sub-
clinical DPN are integrated into DPN for analysis.

DPN detection rate and changes in NCV by varying
UACR and eGFR

In stratifications of the entire group, increasing UACR
paralleled a gradual increase in the detection rate of DPN
(26.3, 50.5, and 86.0%, respectively, P < 0.001), while de-
creasing eGFR paralleled a gradual increase in the detection
rate of DPN (30.1, 44.4, and 78.9%, respectively, P < 0.001).
Furthermore, in subgroups with UACR < 30 mg/g and
eGFR > 60 ml/min/1.73 m?, patients were stratified into
tertiles (lowest tertile, UACR < 5.9 mg/g; highest tertile,
UACR > 11.22 mg/g; lowest tertile, eGFR < 93.72 ml/min/
1.73 m?; highest tertile, eGFR > 114.49 ml/min/1.73 m?).
Statistical differences in the detection rate of DPN were ob-
served across different UACR and eGFR subgroups spanning
the lowest to highest ACR and eGFR tertiles. A significant
increase in DPN was observed in the middle and highest
tertiles compared with the lowest tertile in the UACR sub-
groups; a significant decrease was observed in the eGFR sub-
groups (Table 2). Odds ratios (ORs), calculated for the com-
parison of detection rates among groups of UACR and eGFR,
are shown in Table 2.
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Table 2 The detection rate of DPN by varying UACR and eGFR

DPN P OR (95% CT)
UACR (mg/g) <30 178 (26.3%) 0.000° 2.851 (2.072-3.922)
30-300 107 (50.5%) 0.000" 6.035 (3.503-10.396)
5300 123 (86.0%) 0.000° 17.206 (10.409-28.442)
0.000¢
UACR (<30 mg/g) <5.90 40 (17.8%) 0.000° 1.390 (0.876-2.205)
5.90-11.21 52 (23.1%) 0.161° 2.058 (1.366-3.103)
11.22-29.99 86 (38.2%) 0'001; 2.862 (1.852-4.420)
0.000
eGFR (ml/min/1.73 m%) >90 199 (30.1%) 0.000° 1.857 (1.382-2.495)
60-89.99 116 (44.4%) 0.000" 4.688 (2.809-7.823)
<60 90 (78.9%) 0.000; 8.706 (5.387—-14.069)
0.000
eGFR (60 ml/min/1.73 m?) >114.49 86 (28.0%) 0.001° 1.241 (0.879-1.753)
93.72-114.49 100 (32.6%) 0.219° 1.480 (1.065-2.058)
60-93.72 128 (41.7%) 8-8(1)32 1.838 (1312-2.574)

#The general p values

Pairwise comparison (o = 0.0125):

®UACR: 30-300 mg/g group compares with <30 mg/g group, 5.91-11.21 mg/g group compares with <5.90 mg/g group; eGFR: 60-89.99 ml/min/
1.73 m? group compares with >90 ml/min/1.73 m* group, 92.72-114.49 ml/min/1.73 m*> group compares with >114.49 ml/min/1.73 m? group

¢UACR: >300 mg/g group compares with 30-300 mg/g group, 11.22-29.99 mg/g group compares with 5.90-11.21 mg/g group; eGFR: <60 ml/min/
1.73 m? group compares with 60-89.99 ml/min/1.73 m* group, 60-93.72 ml/min/1.73 m* group compares with 93.72—114.49 ml/min/1.73 m* group

dUACR: >300 mg/g group compares with <30 mg/g group, 11.22-29.99 mg/g group compares with <5.9 mg/g group; eGFR: <60 ml/min/1.73 m?
group compares with >90 ml/min/1.73 m* group, 60-93.72 ml/min/1.73 m* group compares with >114.49 ml/min/1.73 m® group

Both MCV and SCV decreased with the increase of UACR
and the decrease of eGFR. This relationship was present in the
stratification of UACR < 30 mg/g. However, in the stratifica-
tion of eGFR > 60 ml/min/1.73 m?, this trend was only ob-
served in the SCV of the median nerve and the superficial
peroneal nerve, and there was no significant difference in the
changes of MCV of these nerves (data not shown.)

The correlation of UACR, eGFR, and DPN

In whole group analysis, UACR was inversely correlated to
MCYV and SCV, and eGFR was positively correlated to MCV
and SCV of all nerves detected when adjusting for age, gender,
diabetes duration, systolic blood pressure, BMI, HbA ¢, FPG,
UA, history of smoking and drinking, use of insulin and
RAAS blockers, retinopathy, and diabetic foot. Additionally,
in subgroup analysis, UACR level was closely associated with
MCYV of the ulnar, tibial, and peroneal nerves and SCV of the
superficial peroneal sural nerve (UACR < 30 mg/g).
Meanwhile, eGFR level was only associated with MCV of
the median peroneal nerve and SCV of the superficial peroneal
sural nerve in the eGFR > 60 ml/min/1.73 m? subgroups
(Table 3).

In whole group analysis, patients were divided into three
groups according to ACR and eGFR levels (<30, 30-300, and
>300 mg/g; >90, 60-89.99, <60 ml/min/1.73 m?). Multiple
logistic regression analyses showed that higher UACR and

lower eGFR were associated with DPN after adjusting for
age, gender, diabetes duration, systolic blood pressure, BMI,
HbAlc, FPG, UA, history of smoking and drinking, use of
insulin and RAAS blockers, retinopathy, and diabetic foot
(OR = 3.143, 95% CI = 2.427-4.069, P < 0.001;
OR =2.616, 95% CI = 2.000-3.423, P < 0.001, respectively)
(Fig. 1a).

Figure 1b illustrates multivariate-adjusted ORs of DPN
with an UACR tertile increment and eGFR tertile decre-
ment in different subgroups (UACR < 30 mg/g,
eGFR > 60 ml/min/1.73 mz). In the unadjusted model 1,
diabetic patients in the highest tertile (Q3) of UACR dem-
onstrated a significantly higher risk of DPN compared to
patients in the lowest tertile (Q1, referent) (P < 0.01). The
risk of DPN in the second tertile (Q2) did not increase
significantly in comparison to Q1. After adjusting for age,
gender, diabetes duration, BMI, SBP, DBP, FPG, HbA1C,
UA, smoking, drinking, drug use, and history of retinop-
athy and diabetic foot, a fully adjusted logistic regression
(model 3) demonstrated that diabetic patients in Q3 were
2.456 times more likely to experience DPN than those in
Q1 (OR = 2.456, 95% CI 1.461-4.127, P = 0.001).
Further, after adjusting for the above variables, a fully
adjusted logistic regression (model 3) demonstrated that
diabetic patients in the lowest eGFR tertile (Q3) were
2.021 times more likely to experience DPN than those
in Q1 (OR = 2.021, 95% CI 1.276-3.203, P = 0.003).
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Table 3  Correlation analysis of UACR, eGFR, and nerve conduction velocity

MCV (m/s) SCV (m/s)
Nervi Nervi Nervi Peroneal Nervi Nervi Superficial Nervi
medianus ulnaris  tibialis  nerve medianus ulnaris  peroneal suralis
nerve
UACR Spearman correlation —0.262*  —0.260* —0.359* —0.282* —0.312* —0.256* —0.348* -0.317*
coefficient
Partial correlation —0.288*  —0.205* —0.309* -0.193* —0.248* —0.192* —0.285%* —0.226%*
coefficient”
UACR (<30 mg/g) Spearman correlation —0.141* —=0.128* 0.216* —0.186* —0.153* —0.129* —0.120* —0.157*
coefficient
Partial correlation -0.015  —-0.109* -0.150* -0.177* —0.021 —0.059  —0.099* —0.173%*
coefficient”
eGFR Spearman correlation 0.162* 0.131*  0.165*  0.158* 0.233* 0.183*  0.189* 0.124*
coefficient
Partial correlation 0.156* 0.097%  0.120*%  0.134* 0.145% 0.131*  0.182* 0.140*
coefficient”
eGFR Spearman correlation 0.091%* 0.069*  0.079*  0.100%* 0.128%* 0.103*  0.092* 0.045
(>60 ml/min/1.73 m?) coefficient
Partial correlation 0.084* 0.039 0.056 0.088* 0.059 0.050 0.118* 0.081*
coefficient”

* Adjusted for age, gender, diabetes duration, systolic blood pressure, BMI, HbA Ic, FPG, UA, history of smoking and drinking, using of insulin and
RAAS blockers, history of retinopathy and diabetic foot

*P <0.05

ROC analysis of UACR and eGFR to indicate DPN (Fig. 2)

ROC analysis revealed that the optimal cutoff point for UACR
that indicated DPN was 22.31 mg/g (AUC = 0.749; 95% CI,
0.717-0.780; sensitivity, 62.00%; specificity, 75.0%; negative
predictive value, 75.24%; positive predictive value, 65.70%),
while 34.04 mg/g for clinical DPN (AUC = 0.732; 95% ClI,

a
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model3 L — —— 2.616(2.000,3.423) 0.000
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0.699-0.766; sensitivity, 57.4%; specificity, 76.4%; negative
predictive value, 78.3%; positive predictive value, 54.7%).
The optimal cutoff point for eGFR that indicated DPN was
87.21 ml/min/1.73 m* (AUC = 0.662; 95% CI, 0.627-0.697;
sensitivity, 47.4%; specificity, 77.3%; negative predictive val-
ue, 69.34%; positive predictive value, 57.56%), while
77.93 ml/min/1.73 m? for clinical DPN (AUC = 0.712; 95%

b OR5" CI) P
01(<5.9)reference ¢

UACR modell 02(5.91.41.21) O 1.390(0.876.2.205)  0.162
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Fig. 1 Multivariate-adjusted ORs of DPN with an UACR tertile increment and eGFR tertile decrement in different subgroups
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tive predictive value, 73.1%; positive predictive value,
53.8%). The AUC of combined UACR and eGFR that indi-
cated DPN was 0.731 (95% CI, 0.698-0.764; sensitivity,
55.30%; specificity, 81.5%; negative predictive value,
73.73%; positive predictive value, 66.01%), while 0.712 of
AUC for clinical DPN (95% CI, 0.676—0.747; sensitivity,
50.9%; specificity, 82.5%; negative predictive value, 77.1%;
positive predictive value, 59.1%) (Fig. 2a, b).

Our study revealed a close relationship between both UACR
levels and DPN and eGFR levels and DPN in patients with
type 2 diabetes. When UACR increased and eGFR decreased
(including the UACR < 30 mg/g and eGFR > 60 ml/min/
1.73 m? groups), MCV and SCV decreased, and the detection
rate of DPN increased. Correlation analysis revealed that
UACR and eGFR were correlated with SCVand MCV in each
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nerve. In addition, independent of covariables, an elevated
UACR level and a depressed eGFR level were both associated
with DPN. These associations were present in both the normal
and mildly abnormal UACR and eGFR groups. UACR
showed a moderate indication to DPN; combined with
eGFR, it did not increase the effect of DPN indication.

Previous studies have shown that diabetic neuropathy is
associated with renal function [15, 17]. We sought to deter-
mine the potential association between DPN and UACR and
eGFR, in order to provide early clues or warning signals to
improve DPN screening. Our results showed that patients with
DPN had higher UACR levels and lower eGFR levels, and
with an increase of UACR and decrease of eGFR, the detec-
tion rate of DNP increased. Previous studies support our re-
sults, and studies have shown that diabetic cardiac autonomic
neuropathy (CAN) and DPN patients have lower eGFR levels
and higher urine microalbumin levels [13, 16, 21]. Both our
study and previous studies suggest that eGFR and UACR may
be associated with DPN in patients with diabetes.

Therefore, we further analyzed the correlation between
UACR and eGFR with DPN and found that eGFR and
UACR were not only significantly correlated with CV of the
peripheral nerve but they were also related risk markers for
DPN. Previous studies have found that UACR was significantly
correlated with DPN [15], but for eGFR, there are differing
views in various studies. Studies have shown that GFR estimat-
ed by serum cystatin C was more sensitive than GFR estimated
by serum creatinine [22] and was closely related to DPN.
However, another study has shown that eGFR (<60 ml/min/
1.73 m?) is one of the most important risk markers of DPN
[17]. We found that the correlation in eGFR and NCV was
weaker than the correlation between UACR and NCV, especial-
ly in the eGFR > 60 ml/min/1.73 m* subgroup. One possible
reason for this is that during the progression of diabetic nephrop-
athy, the increase of UACR and the decrease of eGFR were not
completely parallel; patients who had large amounts of albumin
also did not necessarily have low levels of eGFR [19]. This may
also be related to high kidney filtration rates in some cases, and
the high filtration rate itself is also a sign of kidney damage,
which can lead to the increase of urinary albumin excretion [23].
Some authors have demonstrated that low eGFR is a frequent
finding in patients with type 2 diabetes, even in the absence of
albuminuria. It has been suggested that low GFR and increased
UACR have different meanings and different predictive capa-
bilities toward different end points [24, 25]. Our study also
found that the correlations between NCV of lower limbs with
UACR and eGFR were stronger than those between NCV of
upper limbs with UACR and eGFR. Moreover, the correlation
between SCV and UACR and eGFR is stronger than the corre-
lation between MCV and UACR and eGFR. This may be related
to the fact that abnormal CV in the peripheral nerve in lower
limbs appeared earlier than in the upper limbs and the abnormal
SCV appeared earlier than MCV in patients with DPN [26].

@ Springer

Currently, many studies show that normal or mildly abnor-
mal UACR and eGFR were associated with arteriosclerosis
[27], hypertension [28], congestive heart failure [29], and oth-
er heart defects. However, there are few reports on the rela-
tionship between normal or mildly abnormal ranges of UACR
(UACR < 30 mg/g) and eGFR (eGFR >60 ml/min/1.73 m)
with DPN. Our study showed that even in the UACR < 30 mg/
g groups, the detection rate of DPN increased and the CV of
each nerve decreased with the increase of UACR, and UACR
and NCV had different degrees of correlation after controlling
for confounding factors. Similar results also appeared in the
eGFR > 60 ml/min/1.73 m? groups. Our results suggest that
the increase of UACR and the decrease of eGFR may be
associated with an increased risk of DPN; even though they
were in the normal or mildly abnormal ranges, they may also
indicate the risk of DPN.

Previous evidence supports our findings, and studies have
reported that albumin in urine may indicate a wide range of
vascular endothelial dysfunction, while the damming of vas-
cular endothelial cells can lead to a decrease of blood flow,
increase of blood viscosity, ischemia, and hypoxia of
endoneurium, damming of the epineurium vessel, degenera-
tion of nerve fiber, and conduction dysfunction [30].
Moreover, the decline of GFR can also lead to an increase in
the level of advanced glycationend products (AGEs) [31] and
a chronic low-grade inflammatory state [32, 33], which can
lead to DPN. Tahrani et al. [14] found that patients with CAN
had lower eGFR and higher prevalence of albuminuria. As
previously discussed, the relationship between DPN and dia-
betic nephropathy might be bidirectional and mediated by
CAN. CAN has proved to be a possible progression promoter
of diabetic nephropathy [34], even in type 2 diabetes and
among Asian populations [35]. It has been suggested that this
could be mediated by CAN-induced changes in glomerular
hemodynamics and in the circadian rhythms of blood pressure
and albuminuria. The unified mechanism theory of diabetic
complications proposed by Brownlee may provide an expla-
nation for this. This theory suggests that diabetes selectively
damages cells and causes damage to a particular subset of cell
types: capillary endothelial cells in the retina, mesangial cells
in the renal glomerulus, and neurons and Schwann cells in
peripheral nerves. A consistent differentiating feature com-
mon to all cell types that are damaged by hyperglycemia is
an increased production of reactive oxygen species which then
induces oxidative stress in tissue cells and eventually leads to
the occurrence of chronic complications of diabetes [5].
Therefore, we have reason to believe that DN and DPN have
a common pathogenesis; the increase of UACR and decrease
of eGFR may also indicate the increased risk of DPN.

Both albuminuria and eGFR are independent risk markers
for the endpoint events of cardiovascular disease (CVD) and
kidney disease and are the evaluation index of CVD risk [36].
It is also recommended to use a combination of albumin and
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eGFR to evaluate the prognosis of diabetic kidney disease
(DKD) [19]. However, there are few reports addressing a united
evaluation of UACR and eGFR for DPN so far. Our study
showed that a separate evaluation of UACR had a moderate
indication for DPN, and combination with eGFR did not in-
crease the effect of indication of DPN. A possible reason for
this is that the correlation between eGFR and DPN is weak, and
the etiological agents of DPN are not due to a single factor.

Conclusion

In summary, our study found that in the diabetic population,
elevated UACR and decreased eGFR can be predictive factors
of DPN. Even when variations of UACR and eGFR are in the
normal or mildly abnormal range, it is a dangerous signal of
DPN; moreover, UACR is a more sensitive indicator of DPN
than eGFR. Separately, UACR is a moderate indicator of DPN,
and combined with eGFR, there is no increase in the effect of the
indication of DPN. Patients with diabetes who have even mildly
abnormal UACR and eGFR need to be alert to the presence of
other microvascular lesions and should be screened for periph-
eral neuropathy, in order to detect DPN early.

Study limitations

Although there is potential value in our findings, several lim-
itations of the study should be noted. The main limitation
concerns the retrospective study design that does not allow
us to derive any cause—effect relationship, even though our
data clearly indicate an association of evaluated DPN with
renal function. In addition, our study indicates that a correla-
tion exists between DPN and renal function, but a high UACR
level and a low eGFR level are not necessarily the exclusive
risk markers for DPN. This study was also lacking in nerve
conduction velocity data for non-diabetic patients for use as a
healthy control cohort and also lacked data concerning phys-
ical activity. Less physical activity [37] and poor level of gly-
cemic control may increase the risk of DPN. Most of our
patients were from the Han ethnicity. A low prevalence of
cardiometabolic risk factors in that population possibly affect-
ed the natural history of both DPN and diabetic nephropathy
[38]. Moreover, variability in laboratory measurements might
have influenced the results. We will design a prospective
follow-up study to obtain further results.
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