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Purpose: High glucose concentrations and swings are associated with endothelial dysfunc-
tion. We examined the effects of variability in fasting plasma glucose on peripheral artery
disease (PAD) in patients with diabetes mellitus (DM).

Patients and Methods: In this screening study for the risk factors of PAD, we retrospectively
collected data on the ankle-brachial index (ABI) and the percentage of mean arterial pressure (%
MAP) at the ankle between August 01,2016 and July 31, 2017. We defined low ABI <0.90, high %
MAP >45%, or both as high-risk PAD and others as low-risk PAD. We compared the standard
deviation (SD) of the first fasting plasma glucose data available each year after January 01, 2007.
Results: In 2577 patients, a higher SD of annual fasting glucose was observed in those with
an ABI <0.90 than in patients with an ABI >0.90 (2.6 + 2.1 vs 2.2 + 2.3, P = 0.009), and in
patients with %MAP >45% than in those with %MAP <45% (2.4 + 2.1 vs 2.2+ 23, P =
0.034). A high-risk PAD was significantly associated with the SD (P = 0.032) but not with
the mean (P = 0.338) of annual fasting glucose. The former was an independent risk factor
for high-risk PAD (odds ratio = 1.424; 95% CI = 1.118-1.814; P = 0.004).

Conclusion: Variability but not mean of annual fasting plasma glucose was significantly
associated with a high risk of PAD in patients with DM.

Keywords: ankle-brachial index, arterial stiffness, lower extremity arterial disease,
percentage of the mean arterial pressure, standard deviation

Introduction

Peripheral artery disease (PAD) of the lower extremities is characterized by arterial
occlusion caused by atherosclerosis.! PAD is associated with disability and mortality,*
and carries considerable economic and humanistic burdens worldwide.*> Based on the
American Heart Association/American College of Cardiology guidelines set in 2016
for the management of patients with lower-extremity PAD, the resting ankle-brachial
index (ABI) is the priority diagnostic test.® According to the definition of ABI < 0.90,
the global prevalence of PAD was 5.56% in adults > 25 years of age,’ and the lifetime
risk of PAD was 19%-30% in the USA.>’

Diabetes mellitus (DM) is a metabolic disorder associated with several chronic
complications, including PAD.'® Because the number of people with DM is growing
worldwide, DM is a major risk factor that increases PAD prevalence signiﬁcantly.“
According to a report from the International Diabetes Federation, the global number of
patients with DM was 463 million in 2019 and will rise to approximately 700 million by

12,13

2045 in the population aged 2079 years.
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Among traditional markers for glycemic control,
hemoglobin Alc (HbAlc) level was shown to be more
strongly associated with PAD development than the fast-
ing glucose level in patients with established DM in the
Atherosclerosis Risk in Communities study.'* However,
fasting glucose provided a better contribution to predict
cardiovascular events than HbAlc in Taiwanese patients
with type 2 DM.'® It was recently reported that normal
coronary artery was associated with a higher HbAlc
level compared with documented coronary atherosclero-
sis on coronary computed tomography angiography in
patients with type 2 DM.'® Variabilities in HbAlc and
fasting glucose have been reported to be associated with
cardiovascular disease.'” ' However, in the Multi-
Ethnic Study of Atherosclerosis study, mean fasting glu-
cose was the important predictor of cardiovascular events
and mortality, and variability of fasting glucose was not
significantly associated with cardiovascular events or
mortality after adjustment for mean fasting glucose dur-
ing follow-up.*°

Measuring the blood pressure of the ankle was postu-
lated as a screening method for PAD in the 1950s, and
brought about ABI development.”’ However, the ABI
values would unexpectedly increase due to arterial stiff-
ness and reduce the sensitivity of the PAD diagnosis,
especially in older people or those with DM and chronic
kidney disease (CKD).”*>** It has been reported that the
percentage of mean arterial pressure (%oMAP) calculated
using pulse volume recording at the ankle could enhance
the sensitivity for the diagnosis of PAD.?>**¢ Furthermore,
a combination of ABI and %MAP is useful in the predic-
tion of all-cause mortality.”’

Recent evidence has shown that HbAlc variability is
related to a decrease in ABI and an increase in %MAP in
patients with DM.”® However, HbAlc variability is asso-
ciated with not only changes in plasma glucose, but also
several factors influencing the rate of glycation and hemo-
globin level.?’ There is a lack of investigation to assess the
relationship between %MAP and glucose variability. Since
a combination of low ABI and high %MAP carries a high
mortality risk in patients with DM,*® we hypothesized that
glucose variability is associated with ABI and %MAP in
patients with DM. Therefore, this screening study investi-
gated whether glucose variability, as estimated by the
standard deviation (SD) of annual fasting plasma glucose,
is significantly associated with PAD, reflected by either
high %MAP or low ABI, in patients with DM.

Patients and Methods
Study Design and Subjects

We conducted this screening study to investigate the risk
factors of PAD at Taichung Veterans General Hospital in
Taiwan. We retrospectively reviewed the medical informa-
tion of patients with DM who had undergone assessments
of ABI with %MAP between August 01, 2016 and July 31,
2017. We collected anthropometric and biochemical data
within 3 months of ABI assessment, as well as the first
available data of fasting plasma glucose levels each year
before the ABI assessment. Patients were excluded if they
(1) did not have complete laboratory data within three
months of ABI assessment, (2) had a history of lower-
extremity surgery, (3) had end-stage renal disease, (4) had
evidence of non-compressible vessels as indicated by ABI
values > 1.40 in both lower limbs; and (5) fewer than three
data points of annual fasting plasma glucose before ABI
assessment. Data collection was performed by reviewing
electronic medical records from January 01, 2007.

Biochemistry Assessments

Biochemical data measured in the central laboratory of our
hospital were collected, including fasting plasma glucose,
HbAlc, total cholesterol, triglycerides, and creatinine.
Plasma glucose levels were measured using the oxidase-
peroxidase method (Wako Diagnostics, Tokyo, Japan).
HbAlc was
performance liquid chromatography (certified by the
NGSP; G8, TOSOH, Tokyo, Japan). Total cholesterol,
triglycerides, and creatinine levels were measured using
commercial kits (Beckman Coulter, Fullerton, USA). The

estimated glomerular filtration rate (eGFR) value was cal-
Jls4

measured using cation-exchange high-

culated as 186 x [serum creatinine (mg/dL) x [age
(years)]fo'203 (x 0.742, if female) according to the
Modification of Diet in Renal Disease equation, and an
eGFR < 60 mL/min/1.73m* was defined as CKD.?' The
glucose variability was evaluated using the SD of the
annual fasting glucose levels.

The Profile of PAD

ABI values were measured using a validated automatic
device (VP-1000 Plus; Omron Healthcare Co. Ltd.,
Kyoto, Japan). The brachial-ankle pulse wave velocity
(baPWV) values were calculated as the ratio of the bra-
chial-ankle path to the brachial-ankle pulse transmission
time. Only the lower ABI value and higher baPWV value
between the lower limbs of the same patient were recorded
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for analyses. %MAP, which was determined based on the
ankle pulse volume waveforms, indicates the height of the
mean arterial wave area divided by the peak amplitude.
The reproducibility of ABI, %MAP, and baPWV has been
shown in a previous study.”® We collected only the data of
the last ABI record in patients with repeated ABI assess-
ments during the enrollment period. Abnormal ABI was
defined as an ABI value < 0.90 and abnormal %MAP was
defined as a %MAP value > 45%. Finally, high-risk PAD
was defined as abnormal ABI, abnormal %MAP, or both.

Statistical Analysis

Continuous data are presented as the mean + SD.
Categorical data are presented as numbers (percentages).
High fasting glucose was defined as a plasma glucose level
> 8 mmol/L which was the average plasma level of fasting
detected the ABI
Hypertension was defined as systolic blood pressure
(SBP) > 140 mmHg, diastolic blood pressure (DBP) > 90
mmHg, history of hypertension, or current use of antihy-

glucose around assessment.

pertensive drugs. Statistical analyses were performed
using the independent sample #-test to compare the differ-
ences in continuous variables between two groups. One-
way analysis of variance was conducted to detect the
differences in continuous variables among more than two
groups. Chi-square tests were used to detect differences in
categorical variables. Multivariate logistic regression ana-
lysis was carried out to evaluate factors associated with
high-risk PAD. Statistical analyses were performed using
SPSS 22.0 (IBM., Armonk, NY, USA).

Results

A total of 2861 patients were assessed, and 2577 patients
who met the study criteria were enrolled; 2377 were
assigned to ABI > 0.90 and 200 to ABI < 0.90. We then
divided the patients into four subgroups based on whether
%MAP was > 45% or not. Overall, we defined ABI > 0.90
and %MAP < 45% as the low-risk PAD group (n = 2117),
and the remaining patients (n = 460) were categorized into
the high-risk PAD group (Figure 1).

The demographic and clinical characteristics of the
enrolled patients are shown in Table 1. The mean age of
the enrolled patients was 66 + 10 years, and 1364 (52.9%)
were male. Patients with an ABI < 0.90 were significantly
older than those with an ABI > 0.90 (72 + 12 vs 65 = 10
years, P < 0.001). Patients with an ABI < 0.90 had a higher
proportion of coronary artery disease (CAD; 31.5% vs
9.0%, P < 0.001), a higher proportion of hypertension

(98.5% vs 78.0%, P < 0.001), higher SBP (143 + 24 vs
136 = 19 mmHg, P < 0.001), lower DBP (74 £ 12 vs 77 +
11 mmHg, P < 0.001), higher triglycerides (1.7 += 1.1 vs
1.5+ 1.2, P = 0.014), and lower eGFR (61 + 31 vs 79 +
27 mL/min/1.73m?, P < 0.001) than those with an ABI >
0.90. Moreover, a higher %MAP (47.1 £ 5.1 vs 40.5 +
3.8%, P < 0.001) and baPWV (2015 + 686 vs 1856 +
437 cm/sec, P < 0.001) were also noted in patients with
ABI < 0.90, compared to those with ABI > 0.90.

The characteristics of the patients with %MAP > 45%
and %MAP < 45% are also shown in Table 1. Patients
with %MAP > 45% were older (P < 0.001) and more
likely to be female (P = 0.002). Higher SBP and lower
DBP (P < 0.001 and P = 0.002, respectively), higher
proportion of CAD (P < 0.001) and hypertension (P <
0.001), lower eGFR (P < 0.001), lower ABI (P < 0.001),
and higher baPWV (P < 0.001) were observed in patients
with %MAP > 45% than in those with %MAP < 45%.

Notably, the SD of annual fasting glucose was signifi-
cantly higher in patients with ABI < 0.90 than in those
with ABI > 0.90 (2.6 = 2.1 vs 2.2 £ 2.3 mmol/L, P =
0.009). The SD of annual fasting glucose was significantly
higher in patients with %MAP > 45% than in those with %
MAP < 45% (2.4 £ 2.1 vs 2.2 £ 2.3 mmol/L, P = 0.034).
However, the mean level of annual fasting glucose showed
no significant difference between patients with ABI < 0.90
and ABI > 0.90 (8.6 = 2.1 vs 8.4 + 2.1 mmol/L, P = 0.326)
or between patients with %MAP > 45% and %MAP <
45% (8.5 £ 2.1 vs 8.4 + 2.1 mmol/L, P = 0.229).

Several factors were associated with both ABI < 0.90
and %MAP > 45%. Hence, we divided all patients into
four groups: ABI > 0.90 with %MAP < 45%, ABI > 0.90
with %MAP > 45%, ABI < 0.90 with %MAP <45%, and
ABI < 0.90 with %MAP > 45%. The characteristics of the
patients in these four groups are shown in Table 2. The
mean level of annual fasting glucose was not significantly
different among these four groups (P for trend = 0.229,
Figure 2). However, the SD of annual fasting glucose
showed a significantly positive trend from the ABI >
0.90 with %MAP < 45% group to the ABI < 0.90 with
%MAP > 45% group (P for trend = 0.005, Figure 2).

We defined the ABI > 0.90 with %MAP < 45% group
as low-risk PAD and the other three groups, those were the
ABI > 0.90 with %MAP > 45%, ABI < 0.90 with %MAP
<45%, and ABI < 0.90 with %MAP > 45% groups, as
high-risk PAD (Table 2). Patients with high-risk PAD had
a higher SD of annual fasting glucose than those with low-
risk PAD. Patients with high-risk PAD were older (71 £ 12
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Adults with diabetes mellitus
ABI and %MAP assessed
No exclusion criteria
(N =2861)
1. Incomplete assessments in 3 months (n = 116)
2. Low-extremity surgery (n = 1)
3. End-stage renal disease (n =1)
4. ABI>14(n=2)
5. <3 data for annual fasting glucose (n = 164)
A 4
A A
ABI > 0.90 ABI<0.90
(n=2377) (n=200)
A A
A A4 A Y
%MAP < 45% %MAP > 45% %MAP < 45% %MAP > 45%
(n=2117) (n=260) (n=58) (n=142)

Low-risk PAD
(n=2117)

High-risk PAD
(n=460)

Figure | Flowchart for the enrollment and evaluation of study participants (%MAP: percentage of the mean arterial pressure; ABI: ankle-brachial index; PAD: peripheral

artery disease).

vs 65 = 10 years, P < 0.001), lower proportion of male
gender (46.3% vs 54.4%, P = 0.002), higher proportion of
CAD (21.3% vs 8.5%, P <0.001), lower eGFR (67 + 32 vs
80 + 26 mL/min/1.73m?, P < 0.001), higher proportions of
current using antiplatelet agents (46.1% vs 26.8%, P <
0.001) and insulin (29.3% vs 22.2%, P = 0.001), and
lower proportions of current using metformin (28.9% vs
37.8%, P < 0.001) and sodium glucose cotransporter 2
(SGLT2) inhibitors (5.4% vs 11.1%, P < 0.001) than

those with low-risk PAD. Patient with high-risk PAD
also had higher proportion of hypertension than those
with low-risk PAD (90.4% vs 77.2%, P < 0.001).

Since a cutoff value for the SD of annual fasting
glucose is not available in clinical practice, we con-
ducted the analyses of receiver operating characteristic
curve to differentiate high-risk PAD based on the SD of
annual fasting glucose. Using a cut off of 1.274 mmol/L
provided a relatively high sensitivity (70.0%) and
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Figure 2 (A) Mean and (B) SD of fasting plasma glucose levels among the four groups.

specificity (41.3%) for differentiating high-risk PAD. An
SD of annual fasting glucose > 1.274 mmol/L provided
an increased risk with odds ratio (OR) of 1.424 (95% CI
= 1.118-1.814, P = 0.004) for high-risk PAD compared
with an SD of annual fasting glucose < 1.274 mmol/L
after adjustment for the associated risk factors, selected
from Table 2, including age, gender, CAD history,
hypertension, fasting glucose level, eGFR, and current
use of antiplatelet agents, insulin, metformin, or SGLT2
inhibitors (Table 3).

ABI<09/ ABI<0.9/
%MAP <45  %MAP > 45
Discussion

The main results of this study were that the SD of annual
fasting glucose was significantly associated with a low
ABI and a high %MAP in patients with DM. However,
the mean annual fasting glucose level was not significantly
associated with ABI or %MAP. Glycemic variability plays
an important role in vasculopathy, and higher HbAlc
variability has been linked to higher risks of microvascular
complications, cardiovascular disease, and mortality.32’33

The SD of annual HbAlc has also been reported to be
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Table 3 Logistic Regression Analysis Showing the Factors Associated with High-Risk PAD
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Abbreviations: SD, standard deviation; CAD, coronary heart disease; eGFR, estimated glomerular filtration rate; PAD, peripheral artery disease; SGLT2, sodium glucose cotransporter 2.

correlated with high-risk PAD in patients with DM.?®
HbA Ic is clinically used as a glycemic marker to diagnose
DM and monitor glucose control in DM.** The HbAlc
level reflects a longer glycemic duration than the fasting
glucose level, and several underlying conditions can influ-
ence the HbA I¢ level independent of glucose.*” Therefore,
HbAlc variability may result from unstable underlying
diseases associated with chronic complications.?**¢°
We used the SD of annual fasting glucose to reflect glu-
cose variability, which has a stronger association with ABI
and %MAP than the mean of annual fasting glucose level
in the present study.

In accordance with our study, a higher variability in
fasting glucose has been reported to be associated with an
increased prevalence of lower-extremity PAD in people
without DM.*® Several mechanisms might be involved in
glucose variability linked to cardiovascular disease such as
the activation of inflammatory pathways, increase in oxi-
dative stress, and non-enzymatic glycation.*' Glucose
swings might provoke a more specific triggering impact
than chronic sustained hyperglycemia on oxidative stress,
which could contribute to cardiovascular events.****

Yang et al*® reported variability of fasting glucose,
estimated by the coefficient of variation, to be significantly
associated with PAD which was defined using clinical diag-
nostic coding instead of ABI in a retrospective cohort study.
However, use of administrative data has been reported to be
not sensitive for PAD detection.*® Interestingly, we noted
that a synergistic effect of low ABI and high %MAP on the
association with the SD of annual fasting glucose.
Emanuelsson et al*’ reported that a higher 1 mmol/L of
glucose level was associated with an increased risk ratio of
1.19 for PAD. Mongraw-Chaffin et al*® also reported that
mean fasting glucose is a better indicator of cardiovascular
disease than the one-off measurement of the fasting glucose
and variability in the fasting glucose. However, our study
showed that the mean of annual fasting glucose levels was
not significantly different between patients with high- and
low-risk PAD.

A recent trial on cardiovascular outcome revealed that
canagliflozin might be associated with an increased risk of
amputation.48 Overall, however, SGLT2 inhibitors do not
increase the PAD risk according to meta-analyses.*->
Notably, current use of SGLT2 inhibitors provided
a significantly low risk (OR = 0.586) for high-risk PAD
in the present study. SGLT2 inhibitors are considered to
have cardiorenal benefits.”' The mechanisms for the car-
dioprotective benefits of SGLT2 inhibitors include
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improvement in myocardial metabolism, alteration in adi-
pokines, and reduction in preload and afterload.>

The present study had several limitations. First, we
collected only the annual fasting plasma glucose data
rather than all available data on glucose. The advantages
of using only the annual fasting glucose data were the
interval of the data being similar and avoidance of bias
resulting from frequent measurements. Second, our find-
ings cannot be applied to patients with ABI > 1.4 since
they were excluded because the role of %MAP remains
unclear in the high-ABI population. Third, although sev-
eral risk factors associated with PAD were assessed in the
multivariate regression model, some other risk factors
were not analyzed in this study.> In particular, previous
studies have indicated that high variability in body mass
index, blood pressure, and cholesterol level are predictors
of cardiovascular disease.’* ®° Fourth, because only a few
patients used glucagon like peptide-1 receptor (GLP-1R)
agonists, we did not include those data. It has been
reported that treatment with GLP-1R agonists might have

protective effects 61.62

against cardiovascular disease.
Finally, we did not collect hypoglycemia data, which is
a factor linking high glucose variability and cardiovascular

disease %%

Conclusions

A high SD of annual fasting glucose is an independent risk
factor for high-risk PAD, defined as ABI < 0.90, %MAP >
45%, or both. Our results suggest that a stable fasting
plasma glucose level is important for the clinical treatment
in patients with DM.
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