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Background: Peripheral artery disease (PAD) is a manifestation of atherosclerotic cardio-
vascular disease (ASCVD) and significantly increases the risk of myocardial infarction and
stroke. As most patients with PAD are asymptomatic, this condition is largely neglected in
clinical practice. Type 2 diabetes (T2DM) patients have higher prevalence of PAD.
Therefore, early detection and intervention of diabetic PAD are very important. Metabolic
syndrome (MetS) is a group of interrelated metabolic risk factors, a predictor of poor
prognosis in elderly patients with ASCVD. Recently, many of the metabolic risk factors as
well as the overall concept of MetS itself have sparked a great deal of debate regarding their
precise roles in PAD.

Objective: To evaluate the relationship between metabolic syndrome (MetS) and peripheral
arterial disease (PAD) in elderly patients with type 2 diabetes (T2DM).

Methods: Two hundred and eighty-one elderly T2DM patients admitted to Beijing Tongren
Hospital from October 2016 to December 2017 were divided into PAD group (n=136) and
non-PAD (NPAD) group (n=145). Their medical records, physical examination parameters
and laboratory testing parameters were later recorded and analyzed by multivariate logistic
regression analysis.

Results: No significant difference was detected in general clinical data and laboratory testing
parameters between the two groups (P>0.05). The incidence of MetS was significantly higher in
PAD group than in NPAD group (88.2% vs 70.3%, P=0.001). Multivariate logistic regression
analysis showed that the risk of PAD was 1.762-fold higher in MetS patients after adjustment for
age, sex, history of smoking and alcohol consumption, WC, SBP, serum TC and HbAlc level,
eGFR and duration of DM (95% CI: 1.205-6.330, P=0.016).

Conclusion: MetS closely correlates with PAD in elderly T2DM patients, though no
significant difference has been detected in their metabolic indicators.
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Introduction

Peripheral artery disease (PAD) is one of the most common types of atherosclerotic
cardiovascular disease (ASCVD). Although most patients with PAD are asympto-
matic, their risk of getting myocardial infarction and stroke rises dramatically.
Worse still, their risk of death within 10 years is more than six times as high as
that of non-PAD patients.' Patients with type 2 diabetes (T2DM) have higher
prevalence of PAD, coupled with earlier occurrence and more rapid progress of
cardiovascular and cerebrovascular diseases. Their amputation rate, perioperative
mortality and total mortality are also increased.” Therefore, early detection and
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intervention of diabetic PAD have important clinical sig-
nificance in improving the quality of life in patients and
reducing their incidence of serious complications.

Metabolic syndrome (MetS), a group of interrelated
metabolic risk factors including impaired glucose regula-
tion, hypertension, central obesity and dyslipidemia, is
known to be associated with pathological changes in
blood vessels. In China, individuals with MetS are three
to ten times more likely to develop ASCVD.®> MetS is
a predictor of poor prognosis in elderly patients with
cardiovascular and cerebrovascular diseases.

In recent years, many of the metabolic risk factors, and
even the overall concept of MetS itself, have sparked
numerous debates regarding their precise roles in PAD.*?
The purpose of this study is to discuss whether the pre-
sence of MetS is associated with PAD and to evaluate the
independent effect of MetS on PAD in elderly patients
with T2DM.

Materials and Methods

Study Population

Participants of this study were T2DM patients aged 60 or
above, selected from geriatric wards in Beijing Tongren
Hospital between October 2016 and December 2017.
Exclusion criteria for the participants were as follows:
patients with acute infection, autoimmune diseases, end-
stage nephropathy, severe cardiac dysfunction [NYHA
grade III-IV], malignant tumor, undergone arterial vascular
reconstruction of lower extremity, or with the ankle—brachial
index (ABI) more than 1.4 (at least one limb). Finally, 281
participants were available for the follow-up test that divided
them into two groups, 136 with PAD and 145 without.

Data Collection
All participants received a standardized examination.
Data regarding age, sex, smoking, alcohol consumption
and history of diabetes and hypertension were obtained
with detailed medical records. Body Mass Index (BMI)
was calculated as weight (kg) divided by height squared
(m?). Waist circumference (WC) was measured at the
level of the umbilicus in cm. Blood pressure (BP) was
measured three times when participants were seated, and
the average of the last two measurements was adopted.
Blood samples were collected after an overnight fast for
the determination of plasma glucose, HbAlc, total cho-
lesterol (TC), triglycerides (TG), high-density lipopro-
tein cholesterol (HDL-C),

low-density lipoprotein

cholesterol (LDL-C) concentrations and serum creatinine
(Scr). GFR was estimated by using the modified MDRD
formula for Chinese patients:® eGFR (mL/min/1.73m?) =
175 x Ser 2% x age ®!'" x 0.79 (if female).

Definition of Clinical and Biochemical

Variables

According to the criteria recommended by 2011 guidelines of
American Heart Association Foundation/American Heart
Association, PAD was diagnosed with ankle brachial index
<0.90 in either leg.” Diagnosis of hypertension was based on
meeting any of three criteria: systolic blood pressure (SBP)
of >140 mmHg, diastolic blood pressure (DBP) of >90
mmHg or current use of antihypertensive drugs.® Central
obesity is based on WC cutoff >85 cm in women and
>90 cm in men according to the guideline for the prevention
and treatment of type 2 diabetes mellitus in China (2020
edition).” Overweight and obesity are respectively identified
as BMI 24-28 kg/m* and BMI equal to or over 28 kg/m?
according to the Working Group on Obesity in China
(WGOC).2%1% Smokers were defined as those who had
smoked >1 cigarette/day for at least 1 year. Drinkers were
defined as those who had consumed >30 g of alcohol/week
on average for at least 1 year.

Assessment of ABI

ABI was measured and calculated by a VaSera VS-1000
(Fukuda Denshi Co., Tokyo, Japan) vascular screening
system. SBP measurements in the bilateral brachial, dor-
salis pedis, and posterior tibial arteries were obtained in
the supine position using a hand-held Doppler instrument
with a 5-mHz probe (CBM304) after a five-minute rest.
The sphygmomanometer cuff airbag (manufactured by
Sanofi company in France) was 10 cm wide and 40 cm
long. Brachial artery pressures were averaged to obtain the
ABI denominator. To avoid potential bias from subclavian
stenosis, when the two brachial artery pressures differed
by 10 mmHg or more, the highest brachial artery pressure
was used as the denominator. For each lower extremity,
the ABI numerator was the highest pressure (dorsalis pedis
or posterior tibial) from that leg."'

Definition of MetS

According to the definition of the guideline for the pre-
vention and treatment of type 2 diabetes mellitus in China
(2020 edition),” MetS is diagnosed when three or more of
the following risk factors are present: a. abdominal obesity
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Table | Clinical Characteristics of Studied Subjects with and without PAD
NPAD PAD tizly? P-value

n 145 136

Age (year) 67.77£7.02 70.94+7.43 —4.561 0.522
Female [n(%)] 77 (53.1) 72 (52.9) 0.000 0.986
Smoking [n(%)] 43 (29.7) 48 (35.3) 0.387 0.534
Alcohol [n(%)] 20 (13.8) 20 (14.7) 0.011 0918
FPG (mmol/l) 6.73 (5.52, 8.75) 7.11 (6.37, 9.76) -1.332 0.186
HbAIc (%) 8.38+1.74 8.87+2.00 —1.427 0.501
Duration of diabetes (year) 10.38+6.61 10.87+6.74 0.991 0.322
SBP (mmHg) 133.91%£17.45 138.06+20.84 —1.199 0.181
DBP (mmHg) 78.22+8.19 76.79+8.68 0.903 0.600
Hypertension [n(%)] 93 (66.9) 108 (81.8) 2811 0.094
TC (mmol/l) 4.62+0.99 4.48+0.75 0.778 0.055
TG (mmol/l) 1.46 (1.11, 2.10) 1.60 (1.03, 2.35) —0.758 0.449
HDL-C (mmol/l) 1.160.31 1.10+0.35 0.922 0.485
LDL-C (mmol/l) 2.93+0.83 2.77+0.72 1.005 0.333
Hyperlipidemia [n(%)] 93 (64.1) 88 (64.7) 0.004 0.950
WC (cm) 89.69+9.51 92.58+8.23 —1.636 0.210
Central obesity [n(%)] 91 (62.8) 100 (73.5) 1.401 0.237
BMI (kg/m?) 24.81+3.23 25.37+3.69 —0.878 0.857
Generalized obesity [n(%)] 25 (17.2) 24 (17.6) 0.003 0.955
eGFR[mML/ (min ‘Il .73m2)] 105.19+66.14 86.92+26.53 1.578 0.541

Notes: Data are means+SE, median (P25—-P75) or raw numbers (%). Continuous data were used for univariate general linear models and categorical data were analyzed by

2 tests.

Abbreviations: PAD, peripheral arterial disease; NPAD, non-peripheral arterial disease; FPG, fasting plasma glucose; HbAlc, glycated haemoglobin; SBP, systolic blood
pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; WC, waist

circumference; BMI, body mass index; eGFR, estimated glomerular filtration rate.

(WC=85 cm in women and >90 cm in men); b. level of
fasting TG>1.70 mmol/l; c. level of fasting HDL-C: <1.04
mmol/l; d. SBP>130 mmHg or DBP>85 mmHg on exam-
ination and/or when the participant had a prior diagnosis
of hypertension and was receiving antihypertensive medi-
cations; and e. FPG>6.1 mmol/l or 2h PG>7.8 mmHg after
oral glucose tolerance test and/or when the participant had
a prior diagnosis of diabetes mellitus and was receiving
antidiabetic medications.

Statistical Analysis

All statistical analyses were conducted with the software
package SPSS version 22.0 for Windows. For the contin-
uous variables with a normal distribution, mean+SD was
reported and the independent #-test was used to compare
subjects of the two groups. For the discrete variables or the
continuous variables without a normal distribution, the
median (P25-P75) was reported, and a Mann—Whitney
rank test was used to examine the differences between
the groups. In the meantime, distribution of discrete/qua-
litative variables was compared by Pearson chi-square test.
Multivariable logistic regression analysis was used to

estimate crude and adjusted odds ratios (ORs) (95% Cls)
to allow for differences between groups with respect to
demographic and risk factors and control for potentially
confounding variables. A p-value of less than 0.05 was
considered statistically significant.

Results

A total of 281 T2DM patients with (n=136) or without
(n=145) PAD comprised the study groups, with 132 men
and 149 women aged between 60 and 85 (68.92+7.47).

The demographic and biochemical parameters of the
two groups are shown in Table 1. There were no statistical
differences between PAD group and NPAD group in clin-
ical characteristics (age, sex, duration of diabetes, levels of
FPG, HbAlc, SBP, DBP, TC, TG, HDL-C, LDL-C, WC,
BMI and eGFR and the proportion of smoking, alcohol,
central obesity, hypertension and dyslipidemia).

When patients were grouped according to the number
of detected components of the MetS; however, the percen-
tage of patients with PAD increased linearly with the
increasing number of components in their respective
groups (0%, 32.0%, 40.7%, 54.1%, 69.2% respectively),
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Figure | The association of PAD with MetS.
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Notes: (A) Prevalence (%) of patients with PAD in relation to number of MetS components (| to 5). | represents elevated glucose, while 2 to 5 represent elevated glucose
combined with one to four other components of MetS, respectively. (B) Comparison of prevalence of PAD between NMetS and MetS groups.

and the percentage of patients without PAD decreased with
the increasing number of components (100.0%, 68.0%,
59.3%, 45.9%, 30.8% respectively) (Pearson x*=25.691,
P=0.001), as is illustrated in Figure 1A. Of the 59 subjects
without MetS, 16 had PAD (27.1%). However, in MetS
group involving 222 subjects, the number was 120
(54.1%). The inclination to PAD in MetS group was thus
significantly higher than in NMetS group (x*=13.541,
P=0.001), as is illustrated in Figure 1B.

Next, we performed logistic regression analysis to
identify the risk of PAD with the number of components
of MetS. The risk for PAD increased considerably with the
increment of MetS components. The aggregation of ele-
vated glucose combining three or four other metabolic
factors in the MetS increased 2.162 times [odds ratio
(95% CI): 3.162 (1.594-6.270), P =0.001] or 5.047 times
[odds ratio (95% CI): 6.047 (2.657-13.761), P=0.001] than
those with elevated glucose only (Figure 2A). To

Variable  Odds Ratio P Value
(Number of MetS (959, CI)
components) '
1
H ——
5 6.047(2.657-13.761) 0.001 '
:
1
4 3.162(1.594-6.270) 0.001 ,
1
1
3 1.843(0.850-3.977) 0.122 ——
1
:
1
12 1 '
1
: i .
0.1 1 10

determine if there is an independent association between
PAD and MetS, we performed multivariable logistic
regression analysis and found that MetS [OR (95% CI):
3.162 (1.681-5.947), P=0.001] was closely associated with
PAD. With an adjustment for age, sex and the proportion
of smoking and alcohol, MetS was significantly associated
with and an independent risk factor for PAD [odds ratio
(95% CI): 2.875 (1.494-5.531), P=0.002]. Moreover, such
association was not affected by an additional adjustment
for WC, SBP, TC, HbAlc, eGFR and duration of diabetes
[odds ratio (95% CI): 2.762 (1.205-6.330), P=0.016]
(Figure 2B).

Discussion
PAD is a manifestation of atherosclerotic disease, with
80% of its patients being asymptomatic. Regardless of
the presence of symptoms, the morbidity and mortality of
cardiovascular cerebrovascular  diseases

and were

B

Variable Odds Ratio

(95% Cl)

P Value

MetS
(Model 2)

2.762(1.205-6.330) 0.016

MetS

2.875(1.494-5.531
(Model 1) ( ) 0.002

MetS  3.162(1.681-5.947) 0.001

NMetS 1

i

0.5

Figure 2 Contribution of cumulative metabolic components in PAD and Odds ratios for PAD with/without MetS.

Notes: Binary logistic regression was conducted to assess the association of PAD with the number of components of MetS (A) and MetS (B) using the Entry method;
adjusted odds ratios (ORs) and the 95% confidence intervals (Cls) given. |-5 were identified as the number of components of MetS in (A), with | being elevated glucose as
a referent and 2-5 elevated glucose combining one to four other factors of the MetS. The group without MetS was used as a referent in (B). Adjustment variables included
the basic confounders (age, sex, smoking and alcohol) in Model I. In Model 2, WC, SBP, TC, HbAlc, eGFR and duration of diabetes were also considered as other

adjustment variables and were thus added to Model I.
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significantly higher in them.'*'® Clinical trials have con-
firmed that ABI measurement is a simple, non-invasive
and effective method for the diagnosis of PAD, whose
prevalence varies from 3.4% to 42% depending on age,
sex, ethnicity and other conditions.'”'? In China, the first
large-scale multicenter survey about PAD involving more
than 10,000 patients with diabetes reported that the pre-
valence of diabetic PAD was 21.2%.'” In our study, how-
ever, the figure for elderly T2DM patients was 48.4%,
which should arouse enough attention from clinicians. It
is therefore of great clinical significance to understand the
incidence of senile diabetic PAD and analyze the related
risk factors for its prevention and treatment.

In our study, T2DM patients with eGFR <60 mL/min/
1.73 m? and severe cardiac dysfunction [NYHA grade III-
IV] were excluded specifically to avoid the confounding
factors of renal and cardiac insufficiency, which were
associated with increased risks of PAD. We subsequently
found that most metabolic indices in PAD group were
slightly higher than those in NPAD group, but there were
no significant differences in a number of biological or
laboratory tests between the two groups. However, after
defining each component of the MetS according to the
criteria, we found that the proportion of MetS in PAD
group was remarkably higher than that in NPAD group.
Furthermore, the presence of MetS was significantly asso-
ciated with and an independent risk factor for PAD.

MetS is a series of pathophysiological changes, includ-
ing glycolipid metabolism disorder, insulin resistance, vas-
cular endothelial dysfunction, inflammation and increased
sympathetic nerve activity.”>* It is closely related to the
incidence of atherosclerotic diseases which directly lead to
the increase in the morbidity and mortality of ASCVD.?
Moreover, each MetS component can directly promote
vascular injury and atherosclerosis formulation; mean-
while, there is also a synergistic effect among them, as
they can interact and influence each other. For this reason,
the interplay between two or more MetS components can
aggravate vascular lesions. In this study, with the increase
in the number of MetS components, the risk of PAD went
up. When there were four or more MetS components, the
risk of PAD was considerably higher than that of patients
with only one or two metabolic abnormalities. When MetS
was taken as a whole index, the proportion of MetS in
PAD group was also significantly higher than that in
NPAD group. It is therefore suggested that in addition to
metabolic abnormalities, the combination of metabolic

factors can also influence the occurrence and development
of PAD.

Intensive, multifactorial interventions can effectively
reduce the incidence of macrovascular and microvascular
complications in T2DM patients.”® Our research also
showed that it is insufficient to control one single risk
factor of blood glucose for diabetic PAD. Instead, we
should pay attention to other potential metabolic risk fac-
tors at the same time before carrying out targeted, inten-
sive and multifactorial intervention for some modifiable
risk factors.

Our study has several limitations that must be taken
into account. Firstly, this study is based on hospitalized
patients, which may have unpredictable selection bias.
Secondly, due to vascular calcifications, some patients
may have a falsely normal ABI that covers their true
PAD identity, but they are missed using the test. Thirdly,
this study has yet to consider the use of drugs of hypogly-
cemic, antihypertensive and statins and levels of inflam-
matory biomarkers, which will have a certain impact on
the occurrence and development of PAD. Fourthly, retro-
spective case—control studies cannot evaluate the causal
relationship directly; therefore, our findings may suggest
that MetS is an indicator, but not predictor of PAD.
Finally, participants are small in number for a cross-
sectional study. The adverse effects of MetS on diabetic
PAD should be further confirmed in a larger cohort study
based on different ethnic populations using different MetS
definitions. However, we have no reasons to believe these
would substantially bias the associations reported herein.

In conclusion, with the increase in the number of meta-
bolic risk factors, the risk of PAD increases accordingly.
Patients with multiple metabolic risk factors are more likely
to suffer from PAD. Even though there is no significant
difference in the level of metabolic indicators in elderly
T2DM patients, MetS, as a metabolic disorder syndrome,
is closely associated with and a strong, independent indica-
tor of PAD. Timely diagnosis of MetS can provide valuable
information for the prevention and control of PAD.
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