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Abstract: This study aimed to examine whether poor glycemic

control, measured by glycated hemoglobin A1C (HbA1c) and other

cardiovascular risk factors, can predict diabetic peripheral neuropathy

(DPN) in patients with type 2 diabetes mellitus (DM).

Patients aged �30 years with type 2 DM, enrolled in the National

Diabetes Care Management Program, and free of DPN (n¼ 37,375) in

the period 2002 to 2004 were included and followed up until 2011. The

related factors were analyzed using Cox proportional hazards regression

models.

For an average follow-up of 7.00 years, 8379 cases of DPN were

identified, with a crude incidence rate of 32.04/1000 person-years. After

multivariate adjustment, patients with HbA1c levels 7 to 8%, 8 to 9%, 9

to 10%, and �10% exhibited higher risk of DPN (adjusted HR: 1.11

[1.04–1.20], 1.30 [1.21–1.40], 1.32 [1.22–1.43], and 1.62 [1.51–1.74],

respectively) compared with patients with HbA1c level 6 to 7%. There

was a significant linear trend in DPN incidence with increasing HbA1c

(P< 0.001) and significant HRs of DPN for patients with HbA1c level

�7%, blood pressure�130/85 mm Hg, triglycerides (TG)�150 mg/dL,

high density of lipoprotein-cholesterol (HDL-C)<40 mg/dL in males

and<50 mg/dL in females, low density of lipoprotein-cholesterol

(LDL-C) �100 mg/dL, and estimated glomerular filtration rate

(eGFR)<60 mL/min/1.73 m2.
Sing-Yu Yang, BS, n, MD, and
Li, PhD

hypertension, hyper-triglyceridemia, low HDL-C, high LDL-C, and

decreased eGFR.

(Medicine 94(42):e1783)

Abbreviations: ADA = American Diabetes Association, CIs =

confidence intervals, DBP = diastolic blood pressure, DM =

diabetes mellitus, DPN = diabetic peripheral neuropathy, eGFR =

estimated glomerular filtration rate, HDL-C = high-density

lipoprotein-cholesterol, HRs = hazard ratios, ICD-9-CM =

International Classification of Disease, 9th Revision, Clinical

Modification, LDL-C = low-density lipoprotein-cholesterol,

NDCMP = National Diabetes Case Management Program, NHI =

National Health Insurance, NHIRD = National Health Insurance

Research Database, OAD = oral anti-diabetes drug, PIN = personal

identification numbers, SBP = systolic blood pressure, TG =

triglyceride.

INTRODUCTION

D iabetic peripheral neuropathy (DPN) is associated with
considerable morbidity, increased mortality, and dimin-

ished quality of life, causing a tremendous economic burden in
patients with type 2 diabetes mellitus (DM).1–3 Its lifetime
prevalence in type 2 DM may be up to 50%.4 Multiple trials
have demonstrated that enhanced glucose control alone is not
enough to prevent the onset and progression of DPN in type 2
DM.5,6 Thus, the identification of new modifiable risk factors
is essential.

Recently, cardiovascular risk factors like obesity, dyslipi-
demia, and hypertension have been associated with DPN in
patients with type 2 DM.7–11 Identifying modifiable risk factors
may lead to new risk reduction strategies. Four studies have
adopted a cross-sectional study design7–10 and 1 is a random-
ized trial with the primary aim of exploring whether triglyceride
level is associated with the progression of diabetic neuropathy
in 217 patients with type 2 DM during a 52-week follow-up,11

instead of examining the association between triglyceride level
and DPN incidence. Furthermore, most of these studies have a
small sample size.7,9,11 Whether potential cardiovascular risk
factors are associated with increased risk of DPN has not been
explored in large-scale studies.

This large retrospective cohort study aimed to examine
whether poor glycemic control, measured by HbA1c level, and
other cardiovascular risk factors have a significant independent
in patients with type 2 DM. The inter-
iation between HbA1c level and these
tors were also examined.
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METHODS

Study Population
This retrospective cohort study, the Taiwan Diabetes Study,

included all enrollees in the National Diabetes Care Manage-
ment Program (NDCMP) that has been implemented by the
National Health Insurance (NHI) Bureau in Taiwan since 2002.

A population-based cohort study, the Taiwan Diabetes
Cohort Study, was conducted during the period 2002 to
2004, including 63,084 ethnic Chinese patients with type 2
DM enrolled in the NDCMP. The aims of NDCMP program
were to enhance the quality of diabetes care through intense
frequency of monitoring and providing continuity of care to
decrease diabetes-related complications. Index date was defined
as the date of entry into the NDCMP. All clinically confirmed
DM patients were invited to enroll in NDCMP and the diagnosis
was based on the criteria of the American Diabetes Association
(ADA) (International Classification of Diseases, ninth revision,
Clinical Modification (ICD-9-CM) diagnosis code 250).

For the period 2002 to 2004, the NDCMP initially had
63,084 participants. Patients with type 1 DM (ICD-9-CM Code
250.x1/x3), gestational diabetes (ICD-9-CM Code 648.83),
DPN (ICD-9-CM Code of 250.6 or 357.2), other causes of
peripheral neuropathy (ICD-9-CM Code of 356.0–356.9, 357.0,
357.1, 357.3–357.9) at baseline, and age<30 years were
excluded (Fig. 1). We further excluded the conditions that
may influence the accuracy of the diagnosis of peripheral
neuropathy at baseline. These conditions include hereditary
and idiopathic peripheral neuropathy (ICD: 356.0–356.9;
n¼ 918); acute infective polyneuropathy (ICD: 357.0;
n¼ 37); polyneuropathy in collagen vascular disease (ICD:
357.1; n¼ 6); polyneuropathy in malignant disease (ICD:
357.3; n¼ 1); polyneuropathy in other diseases classified else-
where (ICD: 357.4; n¼ 161); alcoholic polyneuropathy (ICD:
357.5; n¼ 2); polyneuropathy due to drugs (ICD: 357.6; n¼ 7);
polyneuropathy due to other toxin agents (ICD: 357.7�; n¼ 0);
other inflammatory and toxin neuropathy (ICD: 357.8�;
n¼ 112); unspecified inflammatory and toxic neuropathy
(ICD: 357.9�; n¼ 397). Those with missing data on socio-
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demographic variables, lifestyle behaviors, diabetes-related
factors, medication use, diabetic micro- and macrovascular
complications, blood biochemical indices, comorbidities, and
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analysis  

FIGURE 1. Flow chart of recruitment process of the current study.
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less than 1 year of follow-up from the analysis were also
excluded. A total of 37,375 patients were finally included in
the present study. The Ethical Review Board of China Medical
University Hospital approved the study protocol (CMUH102-
REC3-016).

Data Sources for Baseline and Follow-Up
Assessments

In March 1995, the Taiwan government launched the NHI
program, which covered approximately 99% of the entire
Taiwan population by 1999.12 By 2010, the NHI program
covered more than 99.62% of the population while the NHI
Bureau had contracts with 100% of hospitals and 92% of clinics
throughout the nation.13 The NDCMP was covered by the
NHI program.

The claims data were randomly audited by the insurance
system. To enhance the validity of the claims data, quarterly
expert reviews on a random sample for every 50 to 100 out-
patient and in-patient claims in each hospital and clinic were
performed, and the NHI Bureau imposed severe penalties on
false diagnostic reports. Previous studies also corroborated the
high validity of the data from the NHI program as the primary
patient information source for several important population-
based studies.14–17

In the current study, the datasets for in-patient care by
admission and out-patient care for visits from 2002 to 2011 were
used. Every individual had a unique personal identification
number (PIN). However, data on patient identities in National
Health Insurance Research Database (NHIRD) were scrambled
cryptographically for security and privacy purposes. Each indi-
vidual could be interlinked with the PIN in all NHI datasets. The
NHIRD data consisted of information on demographic data,
date and institution for diagnosis, out-patient visit, in-patient
admission, out-patient and in-patient treatment, and physicians
providing the services. Due to the comprehensive coverage of
the NHI program, the proportion of enrollees withdrawing from
it was very low and bias due to loss to follow-up was thus
negligible.
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Enrollees at the time of entry into the NDCMP underwent a
comprehensive health assessment, including systolic blood
pressure (SBP), diastolic blood pressure (DBP), their diseases,

es (n=2,108) 
=14,960) 
al neuropathy (n=918); acute infective polyneuropathy (n=37); 
ar disease (n=6); polyneuropathy in malignant disease (n=1); 
lassified elsewhere (n=161); alcoholic polyneuropathy (n=2); 
); polyneuropathy due to other toxin agents (n=0); other 
y (n=112); unspecified inflammatory and toxic neuropathy (n=397) 

9), lifestyle behaviors (n=58), diabetes-related 
iabetic microvascular and macrovascular 
hemical indices or comorbidity information (n=32), 
(n=3,694) 

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



and complications, together with a series of blood tests, urine
tests, and body measurements. All of the participants completed
a standardized, computerized questionnaire administered by a
case management nurse to record their disease status, medi-
cation use, and lifestyle behavior.

Each patient was followed up regularly every 3 to 6
months. On each follow-up year, every patient underwent the
same tests as those during entry. After a 12-hour overnight fast,
blood was drawn from an antecubital vein in the morning and
was sent within 4 hour postcollection for analysis of biomarkers
such as HbA1c, fasting plasma glucose, high-density lipopro-
tein-cholesterol (HDL-C), low-density lipoprotein-cholesterol
(LDL-C), triglyceride (TG), and creatinine.

Outcome Ascertainment
The primary outcome was DPN, which was determined

through record linkage with ambulatory and in-patient care data
in the NHIRD. The DPN incidence was coded according to the
ICD-9-CM as 250.6 or 357.2. All DPN cases in the analysis met
at least one of the following criteria: at least 3 ambulatory
claims or at least 1 in-patient care claim. The cohort was
followed up from the index date to December 31, 2011 or
until a DPN event, death, or withdrawal from the national
insurance program. By linking the PIN with these computerized
files, 8986 newly diagnosed DPN patients were identified in an
average of 6.9 years of follow-up.

The status of chronic medical conditions was collected 1
year prior to the index date using out-patient and in-patient
claims data. Any history of coronary artery disease (ICD-9-CM
codes 410–413, 414.01–414.05, 414.8, and 414.9), congestive
heart failure (ICD-9-CM codes 428, 398.91, and 402.x1), stroke
(ICD-9-CM codes 430–438), cancer (ICD-9-CM codes 140–
149, 150–159, 160–165, 170–175, 179–189, 190–199, 200,
202, 203, 210–213, 215- 229, 235–239, 654.1, 654.10, 654.11,
654.12, 654.13, and 654.14), hyperlipidemia (ICD-9-CM code
272), hypertension (ICD-9-CM codes 401–405), atrial fibrilla-
tion (ICD-9-CM code 427.31), chronic hepatitis (ICD-9-CM
codes 571, 572.2, 572.3, 572.8, 573.1, 573.2, 573.3, 573.8, and
573.9), chronic obstructive pulmonary disease (ICD-9-CM
codes 490–496), and hypoglycemia (ICD-9-CM codes 250,
251.0–251.2) were identified as a comorbidity.

Statistical Analysis
Baseline HbA1c of each patient was retrieved from data-

sets of electronic laboratory records and was categorized into 6
levels:<6%, 6 to 7%, 7 to 8%, 8 to 9%, 9 to 10%, and �10%.
The Lunn–McNeil approach of Cox proportional hazards
model, an extended model taking competing risks into account
and allowing for multivariate adjustment, was adopted. These
extended Cox proportional hazard models with the competing
risk of all-cause deaths were used to evaluate the association
between HbA1c level and incident DPN.

The hazard ratios (HRs) and their 95% confidence intervals
(CIs) by adjusting for age, sex, and traditional variables were
calculated. The multivariate model adjusted for age, sex, smok-
ing, alcohol consumption, duration of diabetes, type of hypo-
glycemic drug (no medication, one oral anti-diabetes drug
[OAD], combination of 2, 3, or>3 OADs, insulin monotherapy,
and insulin plus OADs), hypertension, anti-hypertensive treat-
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ment, overweight (body mass index�25 kg/m2), elevated blood
pressure (SBP �130/DBP �85 mm Hg), hypertriglyceride (TG
�>–>—150 value was calculated for evaluating the linear trend

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
across the baseline HbA1c categories. The proportionality
assumption was tested by including an interaction term for
baseline HbA1c categories using follow-up time in the Cox
models. There was no statistically significant violation for the
proportionality assumption.

The interactions of HbA1c with cardiovascular risk factors
at baseline, including elevated blood pressure, hyper-triglycer-
ide, low HDL-C, high LDL-C, decreased eGFR, and number of
cardiovascular risk factors, were further examined by adding
their product terms into the full model. The likelihood ratio tests
were then used to test significance.

The joint effect of HbA1c and each cardiovascular risk
factor was explored by creating 3 dummy variables. Using
individuals with HbA1c<7% without any cardiovascular risk
factor as the reference group, these 3 dummy variables
measured the effects of HbA1c �7% only, cardiovascular risk
factor only, and combined HbA1c �7% and any cardiovascular
risk factor. All statistical analyses were performed using the
SAS software, Version 9.4 (SAS Institute, Cary, NC). Statistical
significance was set at a 2-tailed P< 0.05.

RESULTS
During an average of 7.0 years of follow-up, 8379 inci-

dence cases of DPN were identified in patients with type 2 DM,
corresponding to a crude incidence rate of 32.04/1000 person-
years (30.34 for men and 33.65 for women). Baseline socio-
demographic and clinical factors were grouped according to
DPN status (Table 1). The DPN patients had a female pre-
dominance and had greater mean values of age and diabetes
duration. Compared with patients without DPN, those with DPN
tended to use insulin injections, use insulin injections plus
OAD, have higher prevalence of hyper-triglyceride, and have
mean values of the number of cardiovascular risk factors
(Table 1).

The baseline socio-demographic and clinical factors of the
patients were grouped according to HbAlc level (Table 2). The
Kaplan–Meier cumulative incidence curves of DPN, within the
subgroups defined by HbA1c levels, were also presented
(Fig. 2). Patients with higher HbA1c levels exhibited a higher
risk of developing DPN (P< 0.001, by log-rank test).

The HRs of DPN among the patients were grouped by
HbA1c levels (Table 3). Compared with patients with HbA1c
level of 6 to 7%, the age-and-sex-adjusted HRs of DPN in
patients with HbA1c levels<6%, 7 to 8%, 8 to 9%, 9 to 10%,
and �10% were 1.22 (95% CI 1.10–1.34), 1.53 (1.42–1.65),
1.91 (1.77–2.06), 2.05 (1.89–2.23), and 2.64 (2.46–2.84),
respectively. When considering lifestyle factors, comorbidities,
and complications, the effect of HbA1c was slightly attenuated,
but remained statistically significant (P< 0.05) for those with
HbA1c levels 7 to 8%, 8 to 9%, 9 to 10%, and �10%. Patients
with HbA1c levels 7 to 8%, 8 to 9%, 9 to 10%, and �10%
exhibited a higher risk of DPN (adjusted HR: 1.11 [1.04–1.20],
1.30 [1.21–1.40], 1.32 [1.22–1.43], and 1.62 [1.51–1.74],
respectively) compared with patients with HbA1c level of 6
to 7%.

An increasing trend was observed between the levels of
HbA1c and DPN incidence (P< 0.001). Sensitivity analyses
excluded patients with comorbidities, diabetic ketoacidosis,
hyperglycemic hyper-osmolar nonketotic coma, intervertebral
disc disorders, diffuse diseases of connective tissue and rheuma-

Cardiovascular Risk Factor and Diabetic Peripheral Neuropathy
toid arthritis, other inflammatory polyarthropathies, and hypo-
glycemia (n¼ 36,055 for sensitivity analysis) (Table 4). Similar
significant HRs for DPN were found among patients with HbA1c
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TABLE 1. Comparison of Baseline Socio-Demographic Variables, Lifestyle Behavior, Diabetes-Related Factors, Medication Use,
Diabetic Micro- and Macro-Vascular Complications, Blood Biochemical Indices, and Comorbidity According to Diabetic
Peripheral Neuropathy Incidence in Patients With Type 2 Diabetes Enrolled in the National Diabetes Care Management Program,
Taiwan (n¼37,375)

Diabetic Peripheral Neuropathy

Variables No (n¼ 28,996) Yes (n¼ 8379) P Value

Sociodemographic variables
Male, n (%) 14,460 (49.87) 3871 (46.20) <0.001
Age (yrs), mean (SD) 59.93 (11.57) 60.23 (11.06) 0.03

Lifestyle behaviors, n (%)
Smoking 4806 (16.57) 1375 (16.41) 0.73
Alcohol drinking 2707 (9.34) 754 (9.00) 0.35

Diabetes-related factors
Duration of diabetes (yrs), mean (SD) 5.43 (5.36) 6.10 (5.97) <0.001
Type of hypoglycemic drug use, n (%) <0.001
No medication 925 (3.19) 141 (1.68)
One oral hypoglycemic drug 6506 (22.44) 1360 (16.23)
Two oral hypoglycemic drugs 12,856 (44.34) 3520 (42.01)
Three oral hypoglycemic drugs 4715 (16.26) 1532 (18.28)
>3 oral hypoglycemic drugs 1232 (4.25) 466 (5.56)
Insulin 517 (1.78) 170 (2.03)
Insulinþ oral hypoglycemic drug 2245 (7.74) 1190 (14.20)

Medication use, n (%)
Hypertension drug treatment 17,593 (60.67) 4884 (58.29) <0.001

Comorbidity, n (%)
Overweight (BMI �25 kg/m2) 10,792 (37.22) 3038 (36.26) <0.001
CAD 2210 (7.62) 664 (7.92) 0.37
CHF 607 (2.09) 190 (2.27) 0.35
Stroke 1216 (4.19) 346 (4.13) 0.82
Cancer 586 (2.02) 160 (1.91) 0.55
Hyperlipidemia 6931 (23.90) 1971 (23.52) 0.48
Hypertension 12,087 (41.69) 3445 (41.11) 0.36
Atrial fibrillation 136 (0.47) 31 (0.37) 0.27
Chronic hepatitis 2734 (9.43) 783 (9.34) 0.83
COPD 1120 (3.86) 386 (4.61) 0.003
Hypoglycemia 88 (0.30) 33 (0.39) 0.24

Cardiovascular risk factors, n (%)
SBP � 130/DBP � 85 (mm Hg) 19,732 (68.05) 5638 (67.29) 0.19
TG � 150 (mg/dL) 12,732 (43.91) 3872 (46.21) <0.001
HDL-C: female<50; male<40 (mg/dL) 15,084 (52.02) 4428 (52.85) 0.19
LDL-C� 100 (mg/dL) 20,458 (70.55) 5916 (70.61) 0.94
eGFR < 60 (mL/min/1.73 m2) 6929 (23.90) 1997 (23.83) 0.92
Number of cardiovascular risk factors, mean (SD) 3.19 (1.30) 3.19 (1.32) 0.98

Differences in continuous variables were tested using the Student t test, differences in categorical variables were tested using the x2 test.
CAD¼ coronary artery disease, CHF¼ congestive heart failure, COPD¼ chronic obstructive pulmonary disease, DBP¼ diastolic blood pressure,
eGFR¼ estimated glomerular filtration rate, HDL-C¼ high-density lipoprotein cholesterol, LDL-C¼ low-density lipoprotein cholesterol, SBP¼
systolic blood pressure, TG¼ triglyceride.

Yang et al Medicine � Volume 94, Number 42, October 2015
levels of 7 to 8%, 8 to 9%, 9 to 10%, and�10% (1.10 [1.03–1.19],
1.29 [1.20–1.39], 1.29 [1.19–1.41], and 1.60 [1.49–1.73],
respectively). A sensitivity analysis by including patients aged
30 years old and younger demonstrated the results remain similar
and the HRs of DPN for HbA1c levels of 7 to 8%, 8 to 9%, 9 to
10%, and �10% were 1.11 [1.03–1.19], 1.30 [1.21–1.40], 1.32

[1.21–1.43], and 1.60 [1.49–1.72], respectively.

Further exploring the association between HbA1c level
and DPN by stratifying each cardiovascular risk factor

4 | www.md-journal.com
(Table 5), the adjusted HRs of DPN for HbA1c level were
similar across subgroups of these cardiovascular risk factors. In
general, there was a greater magnitude of HR for HbA1c �8%
as the number of cardiovascular risk factors increased. No
significant interactions between HbA1c level and any cardio-
vascular risk factor were detected (all P> 0.05).
The adjusted HR of DPN for HbA1c �7% only, each
cardiovascular risk factor only, and joint effects of HbA1c�7%
and each cardiovascular risk factor were determined (Fig. 3).
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The effects of HbA1c�7% were all statistically significant, had
narrow 95% CIs, and remained similar ranging from 1.31
[1.23–1.40] when eGFR<60 mL/min/1.73 m2 to 1.48 [1.34–
1.62] when SBP<130 mm Hg and DBP<85 mm Hg. Cardi-
ovascular risk factors exerting significant independent effect
were elevated blood pressure (1.16 [1.05–1.28]), hyper-trigly-
ceridemia (1.20 [1.10–1.31]), low HDL-C (1.18 [1.08–1.29]),
high LDL-C (1.11 [1.01–1.22]), overweight (1.12 [1.02–1.23]),
and number of cardiovascular risk factors (1.73 [1.44–2.08] for
number of cardiovascular risk factors of 2; and 1.62 [1.37–1.92]
for number of cardiovascular risk factors >2). The increased
DPN risks for joint effects of HbA1c �7% with elevated blood
pressure, hyper-triglyceridemia, low HDL-C, high LDL-C,
decreased eGFR, overweight, and number of cardiovascular
risk factors¼ 2 and >2 were observed when comparing to
category of HbA1c<7% and their counterpart reference group

FIGURE 2. Risks of diabetic peripheral neuropathy by HbA1c leve
(1.41 [1.29–1.54], 1.45 [1.35–1.55], 1.42 [1.32–1.54], 1.38
[1.27–1.51], 1.22 [1.13–1.32], 1.34 [1.24–1.46], 2.07 [1.75–

2.45], and 1.99 [1.69–2.35], respectively).

DISCUSSION
With a follow-up period of 6.9 years, there is an increasing

trend between elevated HbA1c and DPN in patients with type 2
DM aged �30 years. Cardiovascular risk factors such as
elevated blood pressure, hyper-triglyceridemia, low HDL-C,

and high LDL-C at baseline appear to be related to newly
diagnosed DPN in type 2 DM independent of HbA1c. This
finding is consistent after excluding potential confounders in

6 | www.md-journal.com
sensitivity analysis, indicating that the study results are robust.
After further examining the joint effects of HbA1c level and
cardiovascular risk factors, there is a significant joint associ-
ation between HbA1c�7% level and these risk factors, particu-
larly elevated blood pressure, hyper-triglyceridemia, low HDL-
C, high LDL-C, decreased eGFR, and number of cardiovascular
risk factors with DPN risk. For the aggressive treatment of type
2 DM, as well as other cardiovascular risk factors for DPN
prevention, the American Diabetes Association guidelines
should be followed.18

Elucidating risk factors for DPN is important, given the
fact that DPN increases diabetes-related morbidity and
mortality.19,20 The lack of disease-modifying therapies for
DPN also makes the discovery of modifiable risk factors
essential.21 Evidence points to elevated HbA1c as an indepen-
dent risk factor for DPN in type 2 DM.22–24 The present study
confirms previous reports on the strong contributions of elev-
ated HbA1c to the risk of DPN in Chinese patients with type 2
DM. Nonetheless, meta-analyses and multiple trials found that
strictly lowering blood glucose alone does not appreciably
reduce the incidence of DPN in type 2 DM.5,6 The common
association of type 2 DM and other cardiovascular risk factors
has led to investigations into their effects on DPN.25

Using cross-sectional design, 2 independent studies have
shown an association between DPN and metabolic syndrome,
a combination of cardiovascular risk determinants.7,8 Other
investigators have shown specific cardiovascular risk factors,

including hypertension, obesity, hyper-triglycemia, low
HDL-C, and small dense LDL potentially influence the
occurrence of DPN.9–11,24 However, most of these studies

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Hazard Ratios (HRs) of Diabetic Peripheral Neuropathy According to Different HbA1c in Diabetic Patients Enrolled in the
National Diabetes Care Management Program, Taiwan (n¼37,375)

Diabetic Peripheral Neuropathy (N¼ 8,379)

Variables n Cases Person-Years IR
Age and

Gender-Adjusted
Multivariate-

Adjustedy
Multivariate-

Adjustedz

HbA1c (%)
<6 3397 581 24479.93 23.73 1.22 (1.10, 1.34)

���
1.05 (0.96, 1.16) 1.05 (0.96, 1.14)

6–7 7805 1485 56669.73 26.20 1.00 1.00 1.00
7–8 8134 1669 58501.78 28.53 1.53 (1.42, 1.65)

���
1.12 (1.04, 1.20)

��
1.11 (1.04, 1.20)

��

8–9 6278 1501 43624.04 34.41 1.91 (1.77, 2.06)
���

1.31 (1.21, 1.41)
���

1.30 (1.21, 1.40)
���

9–10 4464 1087 30790.54 35.30 2.05 (1.89, 2.23)
���

1.33 (1.22, 1.44)
���

1.32 (1.22, 1.43)
���

�10 7297 2056 47460.61 43.32 2.64 (2.46, 2.84)
���

1.63 (1.51, 1.75)
���

1.62 (1.51, 1.74)
���

P for trend <0.001 <0.001 <0.001

IR (incidence density rate)¼ number of incident cases/person-years � 1000.
yMultivariate-adjusted for age, sex, smoking, alcohol consumption, duration of diabetes, type of hypoglycemic drugs, hypertension drug treatment,

and obesity.
zMultivariate-adjusted for coronary artery disease, congestive heart failure, stroke, cancer, hyperlipidemia, hypertension, atrial fibrillation, chronic

hepatitis, chronic obstructive pulmonary disease, and hypoglycemia in addition to the variables in first multivariate model.�
P< 0.05.��
P< 0.01.���
P< 0.001.
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have been done with a small size of sample (n< 1000), short
follow-up period, or a cross-sectional study design, which
cannot provide a causal relationship between risks factors and
DPN or suggest a mechanism that can explain such relation-

ship. In contrast to these prior studies, the strengths of this
study include a relatively large number of type 2 DM cases
(n> 35,000), the retrospective cohort study design with a

TABLE 4. Sensitivity Analyses for Bias Due for Comorbidities After
Ketotic Coma, Diabetic Ketoacidosis, Intervertebral Disc Disord
Arthritis, Other Inflammatory Polyarthropathies, and Hypoglycem

H

Variables <6.0 6.0–7.0 7.0–8.0

Model I 1.03 (0.94, 1.14) 1.00 1.10 (1.02, 1.18)
�

Model II 1.03 (0.93, 1.13) 1.00 1.10 (1.03, 1.18)
��

Model III 1.04 (0.95, 1.15) 1.00 1.12 (1.04, 1.20)
��

Model IV 1.05 (0.96, 1.16) 1.00 1.12 (1.04, 1.20)
��

Model V 1.03 (0.93, 1.14) 1.00 1.10 (1.03, 1.19)
��

Multivariate-adjusted for age, sex, smoking, alcohol consumption, duratio
obesity, coronary artery disease, congestive heart failure, stroke, cancer, hy
obstructive pulmonary disease, and hypoglycaemia.

Model I excluded patients with hyperglycemic hyper-osmolar non-ketot
Model II excluded patients with diabetic ketoacidosis (n¼ 508).
Model III excluded patients with intervertebral disc disorders, diffuse dis

polyarthropathies (n¼ 282).
Model IV excluded patients with hypoglycemia (n¼ 121).
Model V excluded patients with HHNK, DKA, intervertebral disc disorde

inflammatory polyarthropathies, and hypoglycemia (n¼ 1320).�
P< 0.05.��
P< 0.01.���
P< 0.001.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
sufficiently long follow-up period, and standardized data
collection procedures with available information on large
numbers of potential confounding factors. The results support
the emerging concept that potential cardiovascular risk fac-

tors are associated with the risk of developing DPN. These
associations suggest a linked disease mechanism, which is
worthy of further exploration.

Excluding Patients With Hyperglycemic Hyper-Osmolar Non-
ers, Diffuse Diseases of Connective Tissue and Rheumatoid
ia

bA1c (%)

8.0–9.0 9.0–10.0 �10.0

1.29 (1.19, 1.39)
���

1.30 (1.19, 1.41)
���

1.60 (1.48, 1.72)
���

1.29 (1.20, 1.39)
���

1.30 (1.20, 1.41)
���

1.59 (1.48, 1.71)
���

1.31 (1.21, 1.41)
���

1.32 (1.22, 1.43)
���

1.62 (1.51, 1.74)
���

1.31 (1.21, 1.41)
���

1.33 (1.22, 1.44)
���

1.62 (1.51, 1.74)
���

1.29 (1.20, 1.39)
���

1.29 (1.19, 1.41)
���

1.60 (1.49, 1.73)
���

n of diabetes, type of hypoglycemic drugs, hypertension drug treatment,
perlipidemia, hypertension, atrial fibrillation, chronic hepatitis, chronic

ic coma (n¼ 693).

eases of connective tissue, rheumatoid arthritis, and other inflammatory

rs, diffuse diseases of connective tissue, rheumatoid arthritis, and other

www.md-journal.com | 7



TABLE 5. Hazard Ratios (HRs) of Diabetic Peripheral Neuropathy for HbA1c Level According to Each Cardiovascular Risk Factor in
Patients With Type 2 Diabetes Enrolled in the National Diabetes Care Management Program, Taiwan (n¼37,375)

HbA1c (%)

Variables <6.0 6.0–7.0 7.0–8.0 8.0–9.0 9.0–10.0 �10.0

Raised blood pressure
SBP < 130/DBP <85 (mm Hg) 0.93 (0.78, 1.10) 1.00 1.06 (0.94, 1.21) 1.33 (1.16, 1.51)

���
1.26 (1.09, 1.45)

��
1.54 (1.37, 1.75)

���

SBP � 130/DBP � 85 (mm Hg) 1.11 (0.98, 1.24) 1.00 1.13 (1.04, 1.24)
��

1.30 (1.18, 1.42)
���

1.35 (1.23, 1.49)
���

1.65 (1.51, 1.81)
���

Raised triglycerides
TG < 150 (mg/dL) 1.04 (0.92, 1.18) 1.00 1.10 (1.00, 1.21) 1.28 (1.16, 1.42)

���
1.28 (1.15, 1.43)

���
1.60 (1.46, 1.77)

���

TG � 150 (mg/dL) 1.06 (0.91, 1.24) 1.00 1.12 (1.00, 1.25)
�

1.31 (1.17, 1.47)
���

1.34 (1.19, 1.51)
���

1.61 (1.45, 1.80)
���

Reduced HDL-C
HDL: female�50; male�40 (mg/dL) 1.01 (0.88, 1.16) 1.00 1.11 (1.00, 1.24)

�
1.29 (1.16, 1.44)

���
1.32 (1.17, 1.49)

���
1.57 (1.42, 1.75)

���

HDL: female<50; male<40 (mg/dL) 1.09 (0.95, 1.24) 1.00 1.11 (1.01, 1.23)
�

1.32 (1.19, 1.46)
���

1.32 (1.19, 1.48)
���

1.67 (1.51, 1.84)
���

Raised LDL-C
LDL-C < 100 (mg/dL) 0.97 (0.82, 1.13) 1.00 0.97 (0.86, 1.10) 1.25 (1.10, 1.43)

���
1.26 (1.09, 1.46)

��
1.54 (1.35, 1.75)

���

LDL-C � 100 (mg/dL) 1.09 (0.97, 1.23) 1.00 1.19 (1.09, 1.30)
���

1.34 (1.22, 1.47)
���

1.36 (1.23, 1.50)
���

1.67 (1.53, 1.82)
���

Reduced kidney function
eGFR � 60 (mL/min/1.73 m2) 1.02 (0.91, 1.14) 1.00 1.09 (1.00, 1.18) 1.29 (1.19, 1.41)

���
1.28 (1.17, 1.41)

���
1.59 (1.47, 1.73)

���

eGFR < 60 (mL/min/1.73 m2) 1.1 (0.92, 1.31) 1.00 1.15 (1.00, 1.31) 1.28 (1.10, 1.48)
��

1.38 (1.17, 1.63)
���

1.58 (1.36, 1.83)
���

Number of cardiovascular risk factors
�1 0.98 (0.74, 1.3) 1.00 1.06 (0.85, 1.33) 1.31 (1.04, 1.65)

�
1.15 (0.89, 1.49) 1.54 (1.24, 1.92)

���

2 1.01 (0.82, 1.24) 1.00 0.99 (0.84, 1.16) 1.27 (1.07, 1.50)
��

1.22 (1.01, 1.47)
�

1.60 (1.38, 1.87)
���

�3 1.07 (0.95, 1.2) 1.00 1.16 (1.06, 1.26)
���

1.31 (1.20, 1.44)
���

1.38 (1.25, 1.52)
���

1.63 (1.49, 1.78)
���

Multivariate-adjusted for age, sex, smoking, alcohol consumption, duration of diabetes, type of hypoglycemic drugs, hypertension drug treatment,
obesity, coronary artery disease, congestive heart failure, stroke, cancer, hyperlipidemia, hypertension, atrial fibrillation, chronic hepatitis, chronic
obstructive pulmonary disease, and hypoglycemia. CAD¼ coronary artery disease, CHF¼ congestive heart failure, COPD¼ chronic obstructive
pulmonary disease, DBP¼ diastolic blood pressure, eGFR¼ estimated glomerular filtration rate, HDL-C¼ high-density lipoprotein cholesterol,
LDL-C¼ low-density lipoprotein cholesterol, SBP¼ systolic blood pressure, TG¼ triglyceride.�

P< 0.05.��
P< 0.01.���
P< 0.001.
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The pathogenesis and underlying mechanisms leading to
DPN are complex and not yet fully known.21,26–28 Growing
experimental studies suggest that although hyperglycemia con-
tributes to the vicious cycles of oxidative stress, inflammation,
and nerve damage in type 2 DM, the role of ischemia has also
been involved in the pathogenesis of DPN.26,27 There is micro-
vascular pathology change in human diabetic polyneuropathy
and these vascular changes strongly correlate with clinical
deficits and nerve pathology.27,28 This is also supported by
the reduction of blood flow and endoneurial oxygen tension in
the sural nerves of diabetic patients with advanced polyneuro-
pathy.28,29 Similarly, there have been a number of animal
studies that further strengthen the ischemic/hypoxic mechan-
isms in the pathogenesis of DPN 30–35 Diabetes, hypertension,
dyslipedemia, and chronic kidney disease presenting as low
eGFR are well documented risk factors for micro- or macro-
angiopathy.36,37 This study suggests that diabetics itself and
cardiovascular risk factors identified in this study increase the
risk of peripheral nerve ischemia and that this ischemia pro-
duces cumulative peripheral nerve injury. Further studies are
warranted to elucidate the vascular–metabolic interaction in the
pathogenesis of DPN and to conduct clinical trials that target
these risk factors as therapeutic strategies for halting or pre-
venting the DPN process.

A growing body of evidence suggests that perturbation
of insulin signaling, secondary to insulin resistance, results in

neuronal damage and contributes to the pathogenesis of
DPN.38,39 Decreased expression of insulin-like growth factor
and other neurotropic factors in diabetics can lead to

8 | www.md-journal.com
decreased repair and perhaps impaired maintenance of per-
ipheral nerve fibers.40,41 The risk factors identified in this
study, including hypertension, dyslipidemia, low eGFR and
insulin resistance, often coexist and hence, drive to cardio-
vascular disease and DPN.38,39,42,43 Since the pathogenesis of
DPN is multifactorial, tight glucose control alone will not
necessarily reduce dyslipidemia, systemic inflammation, and
insulin resistance. Targeting risk factors, as well as lipotoxi-
city, cellular oxidase, systemic inflammation, and neuronal
insulin resistance, will be important in future treatment
approaches.

This current study has several limitations. First, the data
presented are observational. The possibility of unrecognized
residual confounding variables as a potential explanation for
findings cannot be excluded, although there are efforts to reduce
confounding by statistical adjustment. Second, measurement
errors are possible due to the large amount of data gathered from
clinical practice. Third, information on DPN subtype is not
available. Fourth, only patients with type 2 DM are included in
the present study. For the future study, a control group can be
included to provide information on increased risk of DPN
associated with type 2 DM. In addition, we can evaluate
whether the associations between HbA1c as well as cardiovas-
cular risk factors and DPN incidence are modified by type 2 DM
status can be evaluated. Fifth, the diagnosis of DPN is primarily
clinical and limited clinical information can be obtained from

the database. The proper exclusion of other causes of peripheral
neuropathy cannot be assured, which may lead to false-positive
cases of DPN in these cohorts. However, patients with other

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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common causes of neuropathy have also been excluded in the
sensitivity analysis to disprove this possibility.

CONCLUSIONS
Aside from HbA1c, cardiovascular risk factors, including

elevated blood pressure, hyper-triglyceride, low HDL-C, high
LDL-C, low eGFR, and number of cardiovascular risk factors,
are associated with DPN in type 2 DM patients, suggesting that
intensive multifactorial treatment strategies now in use should
be rated for their potential to reduce HbA1c level and cardi-
ovascular risk factors in type 2 DM patients to prevent DPN.
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