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Abstract

Background: Micro- and macro-vascular complications of diabetes seem to be interconnected. This study aimed to evaluate the
association between peripheral arterial diseases (PAD) and diabetic sensorimotor peripheral neuropathy (DSPN).

Methods: This cross-sectional study was conducted among 748 people with type 2 diabetes (T2DM) referred to a tertiary care center
between 2017 and 2022. PAD was defined as Ankle-brachial index (ABI) < 0.9. Loss of protective sensation (LOPS) was applied for
the detection of DSPN. Logistic regression analysis was used to determine the association between PAD and DSPN.

Results: The mean age of the participants was 59.6 (£8.8) years, and the median duration of diabetes was 10 (5-16) years. LOPS was
detected in 491 individuals (65.6%). ABI < 0.9 was associated with a significantly higher risk of LOPS (OR: 3.65, 95% Confidence
Interval (CI): 1.97- 6.74). In addition, every 0.1 decrease in ABI increased the risk of LOPS by 21% (95%CI: 10- 34%). Toe brachial
index (TBI) <0.7 was also associated with a significantly higher risk of LOPS (OR: 1.77, 95%CI: 1.28- 2.46). Each 0.1 decrease in

TBI increased the risk of LOPS by 19% (95%CI: 10- 28%).

Conclusion: PAD is strongly associated with DSPN. Assessment of DSPN could be considered in the presence of PAD.
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Introduction

Diabetic sensorimotor peripheral neuropathy (DSPN) is
the most prevalent micro-vascular complication of diabe-
tes (1, 2). It is the main risk factor for foot ulcers and a
leading cause of lower limb amputation in people with
type 2 diabetes (T2DM) (3). Moreover, DSPN, foot ulcer,
and limb amputation are associated with a reduced quality
of life, loss of working time, and eventually an increased
risk of mortality (4, 5).

However, despite these devastating outcomes, a large
number of patients with DSPN are asymptomatic and re-
main undiagnosed; thus, it is recommended that patients
with diabetes undergo an annual foot examination(6). As-
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sessment of DSPN is a challenging issue. Instruments
used for screening and diagnosis of DSPN are time-
consuming questionnaires that should be performed by
trained practitioners. Moreover, they only provide a prob-
able diagnosis. The most widely used instrument is the
Michigan Neuropathy Screening Instrument Questionnaire
(MNSIQ; 15-item self-administered questionnaire) (7).
However, this instrument has some limitations leading to
under-diagnosis of DSPN (8). American diabetes associa-
tion (ADA) recommends assessing loss of protective sen-
sation (LOPS) in patients with diabetes (9). This included
assessment of either temperature perception or pinprick

tWhat is “already known” in this topic:

It has already been shown that peripheral neuropathy may be more
advanced due to peripheral arterial disease (PAD) in diabetic
patients.

— What this article adds:

The present study quantified the association of PAD and
neuropathy, highlighting the co-existence of micro-and
macrovessel disease which has the potential to change the
diagnostic and therapeutic approaches.
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(small fiber function) and vibration perception using a
128-Hz tuning fork (for large-fiber function) (9). In addi-
tion, all patients should undergo 10-g monofilament test-
ing for identification of feet at risk of ulceration and am-
putation (9). However, these tests are mainly operator-
dependent which can lead to false results.

On the other hand, the pathophysiological mechanisms
of DSPN are complex and are not fully explained by a
single model. Along with the hyperglycemia-induced cel-
lular injury, probably known as the most important factor
in DSPN, other factors such as endothelial injury and vas-
cular dysfunction contribute to cellular dysfunction and
death (10). Moreover, it seems that micro and macrovas-
cular complications of diabetes are strongly interconnect-
ed and may progress simultaneously as a continuum (11,
12). Additionally, indirect evidence demonstrated an asso-
ciation between ankle-brachial index (ABI) and DSPN
(13-15).

Thus, we conducted this study to further evaluate the as-
sociation between LOPS and ABI/ toe brachial index
(TBI).

Methods

Study population

This is a cross-sectional study conducted on a popula-
tion of Iranian people with T2DM who concord with the
criteria for assessment of peripheral neuropathy and PAD
according to the ADA guideline (9). Data were extracted
from the medical records of patients referred to the foot
clinic at a tertiary care center in Tehran, Iran, from 2017
to 2022.

Data collection

For this study, all demographic, clinical, and laboratory
data, as well as results on the assessment of neuropathy
and vascular assessments, were extracted from the pa-
tient’s medical records. Assessments of diabetic foot at
this center are summarized as follows.

Demographic and clinical data

Patients referred to the foot clinic are asked to complete
a questionnaire including data on sex, age, duration of
diabetes, smoking status, medical history (cardiovascular
disease, foot ulceration), and drug history. Blood pressure,
weight, and height are measured by an experienced nurse,
and body mass index (BMI) is calculated.

Assessment of neuropathy

To identify LOPS, the following examinations are per-
formed: a 10-g-monofilament test, vibration perception,
pinprick, temperature perception, and ankle reflex (9). The
10-g monofilament at four points (1st, 3rd, and 5th meta-
tarsal heads and plantar surface of distal hallux) is per-
formed on each foot. The 128 Hz tuning fork is applied
over the tip of the great toe bilaterally to assess vibration
perception. Ankle reflexes are tested while the patient is
resting on the couch. Pinprick test is performed using a
disposable pin, which is applied just proximal to the toe-
nail on the dorsal surface of the hallux. The presence of
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any abnormal test is considered as having LOPS.

Vascular assessment

Vascular assessment is based on ABI and TBI measured
using a Doppler ultrasound device (Dopplex Ability
(DR5), Huntleigh Healthcare, Cardiff, UK). Before the
examination, the participants are asked to avoid caffeine,
smoking, and exercise to prevent influencing pressure
measurements. Moreover, room temperature is monitored
with a thermometer to be maintained between 23°C and
25°C to prevent vasoconstriction of digital arteries. ABI <
0.9 is considered as PAD (16).

Statistical analysis

The continuous variables were described using mean
(standard deviation (SD)) or median (interquartile range
(IQR)), depending on their distribution. Correspondingly,
the t-test and Mann-Whitney test were used in these cases.
The number (percentage) was used for discrete variables,
and the Chi-squared test was applied to them. As the re-
sponse variable of neuropathy was binary, the logistic
regression models were fitted on it. Odds ratios (ORs) are
reported both crudely and after adjustment with the main
confounders namely age, sex, smoking, CVD (Cardiovas-
cular Disease), Low-density lipoprotein (LDL), and Gly-
cated Hemoglobin (HbA1C). The rationale behind the
selection of specific variables for adjustment in the regres-
sion models is that they are reported as the major risk fac-
tors for the development of peripheral neuropathy in pa-
tients with T2DM (17, 18).

Results

This cross-sectional study included 748 patients with
T2DM, of whom 491 individuals (65.6%) had LOPS. Ta-
ble 1 demonstrates the baseline characteristics of the par-
ticipants. Compared to the patients without LOPS, those
who had LOPS were older (60.42 + 8.97 vs. 58.00+ 8.23
ys; P <0.001), more likely to be men (50.5% vs. 31.5%; p
< 0.001), and more likely to be ever smoker (13.1% vs.
5.5%; P <0.001). Patients with LOPS were more likely to
have a history of CVD (38.4% vs. 18.4%; P < 0.001) and
previous foot ulceration (9.4% vs. 1.2%; P < 0.001); they
also were more likely to use insulin (42.9% vs. 31.5%; p
0.003) and anti-hypertensive medications (51.4%vs
38.1%; P < 0.001), but less likely to use statin (79.2% vs.
86.8%; P < 0.011), compared to those with no LOPS.
Moreover, patients with LOPS showed significantly high-
er levels of LDL (79.26+31.90 vs 74.32 + 30.40 mg/dl; P
0.046) and lower levels of ABI (1.02 + 0.22 wvs.
1.07+£0.12; P < 0.001) and TBI (0.69 £ 0.24 vs. 0.78+
0.16; P < 0.001), compared to the individuals without
LOPS. In addition, a significantly higher percentage of
patients with LOPS presented with ABI < 0.9 (18.3%vs
5.8%; P < 0.001) and TBI < 0.7 (48.5%vs 32.7%; P <
0.001), compared to those with no LOPS. Moreover, of
235 patients who presented with normal ABI (0.9 < ABI
<1.3) but low TBI (TBI < 0.7), 69.4% (N = 163) were
diagnosed to have LOPS.
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Table 1. Baseline characteristics of the participants
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Variable Patients with no LOPS Patients with LOPS P-value
N=257 N=491
Age (yr) * 58.00 (8.23) 60.42 (8.97) <0.001
Sex (%M) 81 (31.5%) 248 (50.5 %) <0.001
BMI (kg/m?) * 28.93 (4.56) 28.77 (4.54) 0.648
Duration of DM (yr) # 10 (5-15) 10 (5-18) 0.281
Ever smoker (%) 14 (5.5 %) 64 (13.1 %) 0.001
SBP (mmHg) * 128.34 (17.64) 127.52 (16.89) 0.538
DBP (mmHg) * 78.45 (9.39) 79.11 (9.49) 0.364
CVD (%) 47 (18.4 %) 188 (38.4 %) <0.001
Previous foot ulcer (%)% 3(1.2%) 46 (9.4 %) <0.001
Insulin users (%) ¥ 81 (31.5 %) 210 (42.9 %) 0.003
Statin users (%) 223 (86.8 %) 388 (79.2 %) 0.011
ASA users (%) 180 (70.0 %) 332 (67.8 %) 0.523
Anti-hypertensive users (%)T 98 (38.1 %) 252 (51.4 %) 0.001
HbAIC (%)* 7.68 (1.66) 7.92 (1.82) 0.078
LDL (mg/ml) * 74.32 (30.40) 79.26 (31.90) 0.046
HDL (mg/ml) * 46.46 (12.46) 45.85(11.57) 0.521
TG (mg/ml) * 140.00 (75.23) 152.01 (89.40) 0.071
Chol (mg/ml) * 141.94 (32.73) 147.43 (37.55) 0.053
Cr (mg/ml) * 1.04 (0.61) 1.15 (0.80) 0.063
TBI (mean) * 0.78 (0.16) 0.69 (0.24) <0.001
ABI(mean) * 1.07 (0.12) 1.02 (0.22) <0.001
TBI<0.7 ¥ 84 (32.7 %) 238 (48.5 %) <0.001
ABI< 0.9 15 (5.8 %) 90 (18.3 %) <0.001

LOPS: peripheral sensory neuropathy
Data are presented as mean(SD)*, or median (IQR)#, or number (%)%

Results of regression analyses indicated that ABI < 0.9
was significantly associated with a higher risk of LOPS
(OR: 3.65, 95% Confidence Interval (CI): 1.97- 6.74),
considering the possible confounders. Moreover, each 0.1
decrease in ABI was associated with a significantly higher
risk of LOPS (OR: 1.21, 95%CI: 1.10- 1.34), after ad-
justment with the possible risk factors. In addition, TBI <
0.7 was significantly associated with a higher risk of
LOPS (OR: 1.77, 95%CI: 1.28- 2.46), considering the
possible confounders. Moreover, each 0.1 decrease in TBI
was associated with a significantly higher risk of LOPS
(OR: 1.19, 95%CI: 1.10- 1.28), after adjustment with the
possible risk factors (Table 2).

We further analyzed the association between ABI/TBI
and individual components of DSPN. The results showed
ABI < 0.9 is associated with a significantly higher risk of
abnormal individual tests, including pinprick (OR: 1.94,

Table 2. Logistic regression analyses for the association between
ABI/TBI and peripheral sensorimotor neuropathy
Variables Presence of
LOPS
OR (95%CI)

P-value

Continuous ABI (0.1 decrease)

Non-adjusted 1.19 (1.09,1.30) <0.001

Adjusted 1.21(1.10,1.34) <0.001
ABI<0.9 (vs>0.9)

Non-adjusted 3.62(2.05,6.40) <0.001
Adjusted 3.65(1.97,6.74) <0.001
Continuous TBI (0.1 decrease)

Non-adjusted 1.21(1.13,1.31) <0.001
Adjusted 1.19(1.10,1.28) <0.001
TBI<0.7 (vs>0.7)

Non-adjusted 1.94(1.41,2.66) <0.001
Adjusted 1.77(1.28,2.46) 0.001

Adjusted for age, sex, smoking, CVD, LDL, and HbA1C

95%CI: 1.26- 2.98), temperature perception (OR: 7.11,
95%CI: 3.48- 14.53), and ankle reflex (OR: 2.00, 95%CI:
1.30- 3.07), considering all possible risk factors. Moreo-
ver, TBI < 0.7 was associated with a significantly higher
risk of abnormal individual tests including vibration per-
ception (OR: 1.55, 95%CI: 1.14- 2.12), pinprick (OR:
1.64, 95%CI: 2.20- 1.24), temperature perception (OR:
1.98, 95%CI: 1.44- 2.71), and ankle reflex (OR: 1.79,
95%CI: 1.32- 2.42), adjusting with all possible risk factors
(Figure 1).

We also investigated the association between different
categories of ABI and LOPS. The percentage of patients
in each category was as follows: ABI<.0.9; in 14.02%,
0.9<ABI<l; in 26.57%, 1<ABI<.1.1; in 23.36%,
1.1<ABI<1.3: in 33.24%, and ABI >1.3; in 2.80%. The
results indicated that compared to the patients with ABI <
0.9, those with higher ABIs were less likely to develop
LOPS [0.9 < ABI <1 (OR:0.37, 95%CI:0.19-0.72), 1 <
ABI <.1.1 (OR:0.26, 95%CI:0.14-0.50), 1.1 < ABI < 1.3
(OR: 0.26, 95%CI: 0.14-0.49)] except for those with ABI
>1.3 who shows no difference in development of LOPS
(OR:1.38, 95%CI:0.27-7.12), considering all possible risk
factors (Figure 2).

Discussion
We found that PAD is significantly associated with an
increased risk of LOPS in people with T2DM. Beyond as
an indicator of PAD, ABI is also well-known as an indica-
tor of cardiovascular disease (CVD) (19, 20). Moreover,
several studies have recently investigated the association
between ABI and microvascular complications of diabetes
(13, 21). A cohort study conducted on 34689 patients with
T2DM demonstrated a U-shape correlation between ABI
categories and incidence of microvascular complications
of diabetes with the lowest rate in patients with normal
http://mjiri.iums.ac.ir 3
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Figure 1. Logistic regression for the association between ABI/TBI
and individual components of LOPS.
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Figure 2. Logistic regression analyses to indicate the risk of abnor-
mal components of LOPS among the different ABI categories.
Taking persons with ABI < 0.9 as the reference group.

ABI (1.1 < ABI < 1.3) and the highest rate in ABI < 0.9
and ABI > 1.3 (13). Similarly, we found that compared to
ABI < 0.9, the normal ABI categories are associated with
a lower risk of LOPS, while there was no difference in the
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risk of LOPS between low (ABI < 0.9) and high ABI
(ABI > 1.3) categories. We further found a significant
association between low ABI/TBI and some individual
components of LOPS. Additionally, our study indicated
that ABI/TBI either as a categorical factor or as a continu-
ous variable, is associated with a higher risk of LOPS.

Based on the studies demonstrating common pathways
for the development of macro-and microvascular compli-
cations in diabetic patients, it has aroused that they might
not be distinct entities (22, 23). Some studies demonstrat-
ed PAD is significantly associated with a higher risk of
neuropathy and nephropathy (24). More recent studies
investigated the connection between small vessel diseases
of the brain, kidney, and retina and concluded changes in
cerebrovascular bed are significantly associated with al-
terations in renal and retinal vasculature (25, 26). Moreo-
ver, not only did some investigators show that micro-
vascular diseases are associated with an excess risk of
heart failure (HF) but also highlighted a trend toward
worsening HF outcomes with increasing numbers of mi-
cro-vascular diseases (27, 28). The connection of changes
between different organs has the potential to be applied to
early diagnostic and therapeutic approaches.

Therefore, the robust association that we found between
ABI/TBI and LOPS could be a signal favoring the poten-
tial use of ABI/TBI for the prediction of neuropathy.
Similarly, a study by Alves-Cabratosa et al. concluded
that ABI could be used to optimize preventive interven-
tions for both micro-and-macro-vascular complications of
diabetes (13). Another study evaluated the prognostic sig-
nificance of ABI in patients with T2DM and indicated low
ABI is associated with the development or progression of
neuropathy (29). On the other hand, different methods
applied for screening DSPN are of various limitations.
The answers to the questionnaires might be confusing or
misinterpreted, leading to misdiagnosis (8). Quantitative
screening tests, recommended by ADA, lack the objectivi-
ty of nerve conduction studies and can be affected by dis-
traction, mental fatigue, and drowsiness of the patients
(30). Furthermore, these tests are not sufficient to diag-
nose the asymptomatic early stages of DSPN (31). In such
a challenging situation, risk stratification is helpful for
early assessment of high-risk patients. This study provides
evidence that ABI/TBI could be considered as predicting
factors of neuropathy.

On the other hand, there is no consensus on the meas-
urement of ABI/TBI in patients who have no signs and
symptoms of PAD (32, 33). Moreover, TBI is only rec-
ommended to be performed in patients with ABI>1.3 sus-
pected to be affected by medial arterial calcification (32).
The presence of LOPS in 69.45 of patients who presented
with normal ABI but low TBI highlighted the issue that
TBI could be considered a risk factor for neuropathy even
when ABI is normal. Moreover, a recent study indicated
over two-thirds of diabetic patients with low TBI in the
presence of normal ABI developed PAD (34). These stud-
ies provide evidence that the main problems of diabetic
foot, including PAD and neuropathy, may be overlooked
by current screening methods. Thus, ABI/TBI should be
more widely used in the routine clinical management of
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individuals with T2DM, not only in those with signs or
symptoms suggesting PAD, as currently recommended.
Moreover, TBI could be considered the preferable modali-
ty for prediction of PAD and neuropathy in these patients.

Strengths and limitations

Although several studies reported the association be-
tween low ABI and neuropathy, we further included pa-
tients with ABI > 1.3. Moreover, we evaluated the associ-
ation between TBI and neuropathy, which, to the best of
our knowledge, has not been considered in previous stud-
ies. Furthermore, we analyzed data considering ABI/TBI
as both categorical and continuous variables. Additionally,
this study included a relatively adequate sample size with
a low rate of missing data. However, this was a cross-
sectional study precluding us from drawing causal infer-
ences. Moreover, as the study was performed in a tertiary
care center for diabetic patients, it merely includes the
patients referred by the physicians to be screened for neu-
ropathy and PAD. Thus, patients with diabetes suffering
from advanced complications of diabetes may not have
been included in this sample. Regarded as a selection bias,
these issues may limit the generalizability of the current
study’s findings.

Conclusion

In conclusion, our study demonstrated that ABI, either
analyzed as a continuous or as a categorical variable, is a
strong risk factor for neuropathy defined as LOPS. We
also found no difference in the risk of LOPS between low
(ABI £0.9) and high (ABI > 1.3) ABI groups highlighting
the clinical significance of these high-risk groups. Similar
to ABI, TBI both as a continuous and categorical variable,
is associated with a higher risk of LOPS. Moreover, a
subgroup of patients with normal ABI but low TBI indi-
cated a higher risk of LOPS. The strong association be-
tween ABI/TBI and LOPS found in this study provided
evidence regarding the issue that ABI/TBI can be applied
to improve the screening of DSPN.
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