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ORIGINAL RESEARCH

Long- Term Visit- to- Visit Glycemic Variability 
as a Predictor of Major Adverse Limb and 
Cardiovascular Events in Patients With 
Diabetes
Jung- Chi Hsu, MD, MS, PhD; Yen- Yun Yang, MS; Shu- Lin Chuang, PhD; Kuan- Chih Huang, MD, PhD;  
Jen- Kuang Lee , MD, PhD; Lian- Yu Lin, MD, PhD

BACKGROUND: Peripheral arterial disease (PAD) is a severe complication in patients with type 2 diabetes. Glycemic variability 
(GV) is associated with increased risks of developing microvascular and macrovascular diseases. However, few studies have 
focused on the association between GV and PAD.

METHODS AND RESULTS: This cohort study used a database maintained by the National Taiwan University Hospital, a tertiary 
medical center in Taiwan. For each individual, GV parameters were calculated, including fasting glucose coefficient of vari-
ability (FGCV) and hemoglobin A1c variability score (HVS). Multivariate Cox regression models were constructed to estimate 
the relationships between GV parameters and composite scores for major adverse limb events (MALEs) and major adverse 
cardiovascular events (MACEs). Between 2014 and 2019, a total of 45 436 adult patients with prevalent type 2 diabetes were 
enrolled for analysis, and GV was assessed during a median follow- up of 64.4 months. The average number of visits and time 
periods were 13.38 and 157.87 days for the HVS group and 14.27 and 146.59 days for the FGCV group, respectively. The 
incidence rates for cardiac mortality, PAD, and critical limb ischemia (CLI) were 5.38, 20.11, and 2.41 per 1000 person- years 
in the FGCV group and 5.35, 20.32, and 2.50 per 1000 person- years in HVS group, respectively. In the Cox regression model 
with full adjustment, the highest FGCV quartile was associated with significantly increased risks of MALEs (hazard ratio [HR], 
1.57 [95% CI, 1.40– 1.76]; P<0.001) and MACEs (HR, 1.40 [95% CI, 1.25– 1.56]; P<0.001). Similarly, the highest HVS quartile was 
associated with significantly increased risks of MALEs (HR, 1.44 [95% CI, 1.28– 1.62]; P<0.001) and MACEs (HR, 1.28 [95% CI, 
1.14– 1.43]; P<0.001). The highest FGCV and HVS quartiles were both associated with the development of PAD and CLI (FGCV: 
PAD [HR, 1.57; P<0.001], CLI [HR, 2.19; P<0.001]; HVS: PAD [HR, 1.44; P<0.001], CLI [HR, 1.67; P=0.003]). The Kaplan- Meier 
analysis showed significantly higher risks of MALEs and MACEs with increasing GV magnitude (log- rank P<0.001).

CONCLUSIONS: Among individuals with diabetes, increased GV is independently associated with the development of MALEs, 
including PAD and CLI, and MACEs. The benefit of maintaining stable glycemic levels for improving clinical outcomes warrants 
further studies.

Key Words: diabetes ■ glycemic variability ■ major adverse cardiovascular events ■ major adverse limb events  
■ peripheral arterial disease

Type 2 diabetes (T2D) is a chronic metabolic dis-
order characterized by insulin resistance resulting 
from both environmental and genetic components 

and is one of the fastest- growing diseases world-
wide, posing a major threat to global health. Globally, 
451 million people were estimated to have diabetes in 
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2017, a population that is expected to reach 693 mil-
lion by 2045.1,2 Consistent hyperglycemia can lead to 
cardiovascular disease, which is the leading cause of 
death among patients with diabetes, including coro-
nary artery disease, heart failure, ischemic stroke, and 
peripheral arterial disease (PAD).3

Diabetes has a pervasive influence on the athero-
thrombotic milieu of the peripheral vasculature, and 
PAD is a major manifestation of generalized athero-
sclerosis. Proatherogenic changes include increased 
inflammation and alterations in blood cell character-
istics and hemostatic factors.4 Patients with T2D with 
PAD are associated with a greater risk of amputation, 
and the presence of PAD is a marker of excess cardio-
vascular risk. A previous study showed that patients 
with major PAD presented with increased rates of all- 
cause mortality and major macrovascular events.5

Convincing evidence suggests that hyperglyce-
mia has a detrimental effect on cardiovascular risk 
profiles, and intensive hyperglycemic control may re-
duce major macrovascular event occurrence; how-
ever, the increased risks of hypoglycemia and its 

associated consequences may compromise therapeu-
tic approaches.6,7 Glycemic fluctuations and chronic 
hyperglycemia can trigger inflammatory responses 
via increased endoplasmic reticulum stress and mi-
tochondrial superoxide production, promoting the 
pathogenesis of endothelial dysfunction and athero-
genesis.8 Glycemic variability (GV) has adverse effects 
on autonomic function and increases the thrombotic 
properties of platelets, leading to the development of 
macrovascular disease.9,10 In addition, GV was found 
to be an independent risk factor for diabetic peripheral 
neuropathy, one of the most common microvascular 
complications experienced by patients with diabetes.11 
However, few studies have focused on the associa-
tion between GV and PAD, particularly the effects on 
major limb events. Plasma fasting glucose coefficient 
of variability (FGCV) and hemoglobin A1c (HbA1c) levels 
were found to be associated with new- onset PAD in 
Taiwan, but HbA1c variability has not been studied. A 
recent study reported that GV in patients without dia-
betes was found to increase the incidence of PAD in 
Korea.12– 14

The present study investigated the association be-
tween GV and the occurrence of major adverse limb 
events (MALEs), including PAD and critical limb isch-
emia (CLI), in patients with diabetes. We also examined 
the impacts of GV on major adverse cardiovascular 
events (MACEs), including cardiovascular mortality, 
myocardial infarction, and stroke.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population and Data Collection
This study obtained detailed medical information from 
the National Taiwan University Hospital- Integrated 
Medical Database. We enrolled patients >50 years of 
age who were diagnosed with T2D (either prevalent 
or incident cases) at the National Taiwan University 
Hospital from January 1, 2014 to December 31, 2019. 
The index date for this cohort study was defined as 
the date of T2D diagnosis and established according 
to International Classification of Diseases (ICD) codes 
(ICD9: 250.XX, ICD10: E08.XX, E11.XX). Patients with 
any previous history of acute myocardial infarction 
(AMI), ischemic stroke, or lower- extremity arterial dis-
ease, including PAD or CLI, were excluded from this 
study. Patients were followed from the index date (ie, 
the date of T2D diagnosis) until the occurrence of any 
study outcome, death, or December 31, 2019, which-
ever came first. The study protocol was approved 
by the institutional review board of National Taiwan 

CLINICAL PERSPECTIVE

What Is New?
• Both fasting glucose coefficient of variability 

and glycated hemoglobin variability score with 
increased glycemic variability are independently 
associated with the development of peripheral 
arterial disease and critical limb ischemia.

What Are the Clinical Implications?
• In patients with type 2 diabetes, maintaining a 

stable glycemic variability may reduce the in-
cidence of clinical outcomes, including major 
adverse limb events and major adverse cardio-
vascular events.

Nonstandard Abbreviations and Acronyms

CLI critical limb ischemia
DPP4 dipeptidyl peptidase 4
FGCV fasting glucose coefficient of variability
FPG fasting plasma glucose
GLP- 1 glucagon- like peptide- 1
GV glycemic variability
HVS hemoglobin A1c variability score
MACE major adverse cardiovascular event
MALE major adverse limb event
SGLT2 sodium- glucose co- transporter- 2
T2D type 2 diabetes
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University Hospital, and informed consent was waived 
because of the use of deidentified patient data.

Baseline characteristics, including body mass index 
and diagnoses of hypertension, hyperlipidemia, and 
coronary artery disease (CAD), were obtained from 
electronic health records. The estimated glomerular fil-
tration rate (eGFR) was calculated using the Modification 
of Diet in Renal Disease equation. Prescription med-
ications were categorized into β- blockers; calcium 
channel blockers; angiotensin- converting enzyme 
inhibitors; angiotensin receptor blockers; diuretics; 
statins; anticoagulants, including direct oral antico-
agulants and warfarin; and antidiabetic medications, 
including insulin, metformin, SGLT2 (sodium- glucose 
co- transporter- 2) inhibitor, DPP4 (dipeptidyl peptidase 
4) inhibitor, sulfonylurea, repaglinide, acarbose, thi-
azolidinedione, and GLP- 1 (glucagon- like peptide- 1) 
agonist.

The outcomes were the incidence of MALEs, de-
fined as the first event of newly diagnosed PAD or 
newly diagnosed CLI, and the incidence of MACEs, de-
fined as cardiovascular mortality, nonfatal myocardial 
infarction, or nonfatal ischemic stroke. Death events 
were evaluated by a central committee, and cardiac 
mortality was determined according to information in 
the electronic health records. The index dates for all 
outcomes were defined as the date of initial diagnosis. 
All medical records were reviewed until the last clinical 
visit or death.

Glycemic Variability Measurement
For each individual, fasting plasma glucose (FPG) and 
HbA1c levels were measured quarterly at the outpa-
tient department, and mean values of FGCV and the 
HbA1c variability score (HVS) were calculated. FPG 
was measured in subjects who reported fasting at least 
8 hours before testing. Missing values were discarded. 
The SD of FPG values was divided by the mean FPG 
value, which was further divided by the square root of 
the ratio of FPG measurements n to n−1 (

√

n∕(n − 1) ) 
to obtain FGCV (%). The HVS was calculated as the 
number of measurements for each individual in which 
HbA1c changed by >0.5% (5.5 mmol/mol) from the 
prior value, expressed as a percentage of the total 
number of HbA1c measurements.15

Statistical Analysis
Patients were categorized according to FGCV and HVS 
quartiles. Continuous variables are described as the 
mean (SD), and categorical variables are expressed as 
the frequency (percentage). Differences among groups 
were tested by the χ2 test for categorical variables and 
by 1- way ANOVA for continuous variables. Multivariate 
Cox proportional hazards models were constructed 
to evaluate the association of GV with other variables, 

and the results are presented as hazard ratios (HRs) 
and 95% CIs. The Cox regression models were se-
quentially adjusted for covariates. Model 1 was a crude 
model without adjustment. Model 2 was adjusted for 
age, sex (men were used as the reference group), 
baseline body mass index, history of hypertension, 
history of CAD, baseline FPG, baseline HbA1c, and 
baseline eGFR. Model 3 was adjusted as described 
for Model 2 plus the use of antidiabetic medications, 
including metformin, SGLT2 inhibitor, DDP4 inhibitor, 
and GLP- 1 agonist.

Because most subjects were regularly followed up 
every 3 months in our T2D cohort, we assumed that 
censoring was noninformative censoring, and there-
fore the distribution of survival time provides no infor-
mation about the distribution of censorship times and 
vice versa. When conducting Cox regression analyses, 
proportional hazard was assumed, and censoring was 
indicated and treated as right censoring. The propor-
tional hazard assumption was examined by using the 
goodness- of- fit test and was focused on the primary 
interested variable, HVS. The result of goodness- of- fit 
showed that the proportional hazard assumption was 
held for HVS (P>0.05, data not shown).

Survival analyses were performed using the Kaplan- 
Meier method, and significant differences were de-
termined by the log- rank test. Pairwise comparisons 
were conducted when significant differences were 
identified in the overall comparison using the log- rank 
test. Further subgroup analyses were conducted ac-
cording to age (dichotomized at 65 years), sex, body 
mass index (dichotomized at 25 kg/m2), baseline FPG 
(dichotomized at 200 mg/dL), baseline eGFR (dichoto-
mized at 60 mL/min per 1.73 m2), history of hyperten-
sion, history of CAD, metformin use, SGLT2 inhibitor 
use, DPP4 inhibitor use, and GLP- 1 agonist use.

All statistical analyses were performed using SAS 
statistical software (version 9.4.; SAS Institute, Cary, 
NC) and R (version 4.1.2; R Foundation for Statistical 
Computing). A 2- tailed P value of <0.05 was consid-
ered significant.

RESULTS
Baseline Characteristics
A flowchart illustrating the patient selection process 
is shown in Figure 1. A total of 74 835 patients with di-
agnosed T2D were identified between 2014 and 2019. 
Among them, 121 patients without firm evidence of 
T2D (lacking blood tests or evidence of antidiabetic 
medication use) and 1607 patients <50 years of age 
were excluded. We excluded 176 patients with a prior 
history of acute myocardial infarction, 755 patients 
with a prior history of ischemic stroke, 1247 patients 
with a prior history of PAD, and 35 patients with a 
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prior history of CLI. We also excluded 25 583 patients 
with missing FGCV and HVS values. Finally, a total of 
45 436 subjects were evaluated in the final analysis. 
A majority (>80%) of patients had GV. The patients 
were grouped according to FGCV or HVS quartiles, 
and their baseline characteristics according to quar-
tiles are displayed in Table 1 and Table S1. The cut-
off values used to define the 4 FGCV quartiles were 
9.01%, 14.61%, 23.70%, and the thresholds defined 
for the 4 HVS quartiles were 0.01%, 22.01%, 48.41%. 
The subjects in the highest FGCV quartile were older, 
more likely to be men, had higher baseline FPG and 
HbA1c levels, had worse baseline eGFR levels, were 
more likely to have new onset of PAD, and were less 
likely to have hypertension or CAD than patients in 
the other quartiles. The subjects in the highest HVS 
quartile were more likely to be men, were less likely to 
have hypertension, and had higher baseline FPG and 
HbA1c levels than patients in the other quartiles. In 
addition, the baseline characteristics of patients with 
available HbA1c/fasting glucose data to calculate 
variability and those without available data are pro-
vided in Table S2. Compared with those included in 
the analytical cohort, the patients with missing HbA1c 
and/or fasting glucose values had fewer comorbidi-
ties and less antidiabetic medication prescribed. We 
have also analyzed the correlation between FGCV 

and HVS with the Pearson correlation test (Figure S1) 
(r=0.39, P<0.001).

The distribution of number of fasting glucose and 
HbA1c measurements was provided in Table S3. Over 
a median follow- up period of 64.5 months, adverse 
events reported in the FGCV groups (N=43 206) in-
cluded 1001 cardiac mortalities (overall incidence rate 
of 33.02 per 1000 person- years), 3521 PAD events 
(overall incidence rate of 20.11 per 1000 person- years), 
and 446 CLI events (overall incidence rate of 2.41 per 
1000 person- years). In the HVS groups (N=42 011), 
981 cardiac mortalities (overall incidence rate of 20.32 
per 1000 person- years), 3502 PAD events (overall in-
cidence rate of 20.32 per 1000 person- years), and 
456 CLI events (overall incidence rate of 2.50 per 1000 
person- years) were reported.

The incidence rates of PAD in each FGCV quartile, 
from low to high, were 14.04, 14.67, 20.25, and 32.54 
per 1000 person- years. The incidence rates of PAD in 
each HVS quartile, from low to high, were 15.47, 15.30, 
21.64, and 30.75 per 1000 person- years. The inci-
dence rates of CLI in each FGCV quartile, from low to 
high, were 0.99, 0.99, 2.12, and 5.71 per 1000 person- 
years. The incidence rates of CLI in each HVS quar-
tile, from low to high, were 1.49, 0.92, 2.70, and 5.30 
per 1000 person- years. The incidence rates of cardiac 
mortality in each FGCV quartile, from low to high, were 

Figure 1. Flowchart of patient selection procedures.
AMI indicates acute myocardial infarction; CLI, critical limb ischemia; DM, diabetes mellitus; FGCV, 
fasting glucose coefficient of variability; HVS, hemoglobin A1c variability score; and PAD, peripheral 
arterial disease.
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4.04, 3.77, 4.79, and 9.13 per 1000 person- years. The 
incidence rates of cardiac mortality in each HVS quar-
tile, from low to high, were 6.23, 2.51, 4.47, and 9.44 
per 1000 person- years. A total of 6148 subjects expe-
rienced all- cause mortality in the FGCV groups, and 
5846 subjects experienced all- cause mortality in the 
HVS groups.

Measures of GV and Outcomes
Compared with the lowest FGCV quartile, the high-
est FGCV quartile was significantly associated with 
a higher incidence of MALEs (HR, 1.57 [95% CI, 
1.40– 1.76]) in the fully adjusted Model 3 (Table S4). 
Among the individual MALE components, the high-
est FGCV quartile remained significantly associ-
ated with the incidence of PAD (HR, 1.57 [95% CI, 
1.40– 1.76]; P<0.001) and CLI (HR, 2.19 [95% CI, 
1.51– 3.17]; P<0.001). Using the first FGCV quartile 
as the reference quartile, the HRs for MACE devel-
opment in Model 1 without covariate adjustments 

across the second to fourth quartiles, from low 
to high, were 1.13 (95% CI, 1.01– 1.25; P = 0.026), 
1.42 (95% CI, 1.29– 1.57; P<0.001), and 2.12 (95% 
CI, 1.93– 2.33; P<0.001). After adjustment for co-
variates, the fourth quartile remained significantly 
associated with MACE development, with HRs of 
1.60 (95% CI, 1.44– 1.79; P<0.001) for Model 2 and 
1.40 (95% CI, 1.25– 1.56; P<0.001) for the fully ad-
justed Model 3.

As shown in Table 2, using the first HVS quartile as 
the reference quartile, the fourth quartile remained sig-
nificantly associated with a higher incidence of MALEs 
(HR, 1.44 [95% CI, 1.27– 1.62]; P<0.001), PAD (HR, 
1.23 [95% CI, 1.09– 1.39]; P<0.001), and CLI (HR, 1.67 
[ 95% CI, 1.18– 2.35]; P=0.003), and the HR for MACE 
development remained significant for the fourth HVS 
quartile (HR, 1.28 [95% CI, 1.14– 1.43]; P<0.001) in the 
fully adjusted Model 3. We performed restrictive cubic 
spline for nonlinear HR of MALEs and MACEs stratified 
by HVS. There were J- curve phenomenon of MACEs, 

Table 1. Baseline Patients’ Characteristics

HVS

P valueQ1, 0% Q2, 0.01%– 22.00% Q3, 22.01%– 48.40% Q4, 48.41%– 99.00%

N (%) 10 364 (23.99) 10 495 (24.29) 10 839 (25.09) 10 313 (23.87)

Age, y 67.92 (9.92) 66.89 (9.37) 67.04 (9.88) 67.43 (10.20) <0.001

Men 5160 (49.79) 5368 (51.15) 5730 (52.86) 5717 (55.43) <0.001

Baseline BMI, kg/m2 (%) 25.21 (4.07) 25.68 (4.17) 25.78 (4.41) 25.51 (4.43) <0.001

Hypertension 2285 (22.05) 2160 (20.58) 1678 (15.48) 1371 (13.29) <0.001

CAD 1031 (9.95) 832 (7.93) 779 (7.19) 706 (6.85) <0.001

Baseline FPG, mg/dL 117.61 (32.21) 128.79 (33.30) 143.23 (49.36) 156.93 (64.98) <0.001

Baseline HbA1c, (%) 6.34 (0.74) 6.87 (0.99) 7.48 (1.38) 8.05 (1.78) <0.001

Baseline eGFR, mL/min per 1.73 m2 69.00 (27.64) 71.68 (27.64) 68.77 (30.22) 65.74 (32.52) <0.001

Medication

Antiplatelet 3631 (35.03) 4229 (40.30) 4785 (44.15) 4426 (42.92) <0.001

Anticoagulant 646 (6.23) 664 (6.33) 746 (6.88) 743 (7.20) 0.014

CCB 4994 (48.19) 5789 (55.16) 6244 (57.61) 5741 (55.67) <0.001

β- Blocker 3655 (35.27) 4085 (38.92) 4487 (41.40) 4077 (39.53) <0.001

ACEI/ARB 5060 (48.82) 6538 (62.30) 6893 (63.59) 5899 (57.20) <0.001

Diuretics 2426 (23.41) 2839 (27.05) 3803 (35.09) 3983 (38.62) <0.001

Statin 4539 (43.80) 6238 (59.44) 6344 (58.53) 5014 (48.62) <0.001

Insulin 1268 (12.23) 1787 (17.03) 3855 (35.57) 4955 (48.05) <0.001

Metformin 4902 (47.30) 8522 (81.20) 8761 (80.83) 7283 (70.62) <0.001

SGLT2 inhibitor 364 (3.51) 1379 (13.14) 2140 (19.74) 1571 (15.23) <0.001

DPP4 inhibitor 2175 (20.99) 4891 (46.60) 6922 (63.86) 6300 (61.09) <0.001

Sulphonylurea 1884 (18.18) 4830 (46.02) 6775 (62.51) 6077 (58.93) <0.001

TZD 413 (3.98) 1468 (13.99) 2233 (20.60) 1869 (18.12) <0.001

GLP- 1 agonist 18 (0.17) 129 (1.23) 343 (3.16) 304 (2.95) <0.001

ACEI/ARB indicates angiotensin- converting enzyme inhibitor/angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease; CCB, 
calcium channel blocker; DPP4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; FGCV, coefficients of variability of fasting glucose; FPG, 
fasting plasma glucose; GLP- 1, glucagon- like peptide- 1; HVS, hemoglobin A1c variability score; Q, quartile; SGLT2, sodium- glucose co- transporter- 2; and TZD, 
thiazolidinediones.
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CLI, and cardiac mortality, as shown in Figure  S2A 
through S2D. We also performed the analysis of HbA1c 
variability using SD and coefficient of variation (CV) in 
Tables S5 and S6.

The results of the Kaplan- Meier analysis are 
shown in Figure  2 and Figure  S3, revealing that 
the probabilities of experiencing MALEs (Figure 2A 
and Figure  S3A) and MACEs (Figure  2B and 
Figure  S3B) were significantly different across 
FGCV and HVS quartiles (all log- rank P<0.001). 
Pairwise comparisons showed that the incidence 
of MACEs and MALEs differed significantly among 

quartiles, except for the first and second quartiles 
(Tables S7 and S8).

Subgroup Analyses of MALE and MACE 
Occurrence
Figure S4 illustrates the subgroup analyses for MALE 
and MACE occurrence in the FGCV groups using the 
first quartile as the reference quartile. The HRs for 
MACE and MALE occurrence in the fourth quartile re-
mained significant in the fully adjusted Model 3 across 
different subgroup variables, except for baseline FPG 

Table 2. Adjusted Hazard Ratios for MACE and MALE Across Quartiles of Glycemic Variability by HVS

Outcome Group No. Event (%)

Model 1 Model 2 Model 3

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Total mortality HVS_Q1 10 364 1370 (13.22) Ref. Ref. Ref.

HVS_Q2 10 495 686 (6.54) 0.37 (0.34– 0.41) <0.001 0.43 (0.39– 0.47) <0.001 0.46 (0.41– 0.51) <0.001

HVS_Q3 10 839 1288 (11.88) 0.72 (0.67– 0.77) <0.001 0.75 (0.68– 0.81) <0.001 0.82 (0.75– 0.90) <0.001

HVS_Q4 10 313 2502 (24.26) 1.90 (1.78– 2.03) <0.001 1.84 (1.69– 1.99) <0.001 1.94 (1.78– 2.11) <0.001

MACE HVS_Q1 10 364 729 (7.03) Ref. Ref. Ref.

HVS_Q2 10 495 752 (7.17) 0.87 (0.79– 0.97) 0.008 0.88 (0.79– 0.98) 0.019 0.79 (0.70– 0.88) <0.001

HVS_Q3 10 839 1112 (10.26) 1.30 (1.19– 1.43) <0.001 1.17 (1.05– 1.30) 0.004 0.98 (0.87– 1.09) 0.654

HVS_Q4 10 313 1282 (12.43) 1.85 (1.69– 2.02) <0.001 1.50 (1.35– 1.67) <0.001 1.28 (1.14– 1.43) <0.001

Cardiac mortality HVS_Q1 10 364 251 (2.42) Ref. Ref. Ref.

HVS_Q2 10 495 132 (1.26) 0.39 (0.31– 0.48) <0.001 0.41 (0.33– 0.52) <0.001 0.42 (0.33– 0.52) <0.001

HVS_Q3 10 839 231 (2.13) 0.69 (0.58– 0.83) <0.001 0.59 (0.48– 0.72) <0.001 0.59 (0.48– 0.73) <0.001

HVS_Q4 10 313 367 (3.56) 1.53 (1.30– 1.79) <0.001 1.10 (0.90– 1.34) 0.364 1.07 (0.87– 1.32) 0.530

AMI HVS_Q1 10 364 202 (1.95) Ref. Ref. Ref.

HVS_Q2 10 495 267 (2.54) 1.10 (0.92– 1.32) 0.298 1.08 (0.89– 1.32) 0.414 0.88 (0.72– 1.08) 0.214

HVS_Q3 10 839 386 (3.56) 1.60 (1.35– 1.90) <0.001 1.36 (1.13– 1.64) 0.001 0.97 (0.80– 1.18) 0.775

HVS_Q4 10 313 465 (4.51) 2.39 (2.03– 2.82) <0.001 1.84 (1.52– 2.23) <0.001 1.39 (1.14– 1.69) 0.001

Ischemic stroke HVS_Q1 10 872 337 (3.10) Ref. Ref. Ref.

HVS_Q2 10 970 398 (3.63) 1.12 (0.97– 1.30) 0.123 1.05 (0.90– 1.23) 0.515 0.98 (0.83– 1.15) 0.777

HVS_Q3 10 711 470 (4.39) 1.35 (1.17– 1.55) <0.001 1.21 (1.04– 1.41) 0.015 1.23 (1.05– 1.44) 0.010

HVS_Q4 10 653 618 (5.80) 1.86 (1.63– 2.13) <0.001 1.52 (1.30– 1.77) <0.001 1.34 (1.14– 1.58) <0.001

MALE HVS_Q1 10 364 596 (5.75) Ref. Ref. Ref.

HVS_Q2 10 495 764 (7.28) 1.09 (0.98– 1.21) 0.113 1.04 (0.93– 1.17) 0.499 1.02 (0.91– 1.15) 0.707

HVS_Q3 10 839 1045 (9.64) 1.51 (1.36– 1.67) <0.001 1.31 (1.17– 1.46) <0.001 1.21 (1.08– 1.36) 0.001

HVS_Q4 10 313 1100 (10.67) 1.94 (1.75– 2.14) <0.001 1.56 (1.39– 1.76) <0.001 1.44 (1.28– 1.62) <0.001

PAD HVS_Q1 10 364 596 (5.75) Ref. Ref. Ref.

HVS_Q2 10 495 763 (7.27) 1.09 (0.98– 1.21) 0.120 1.04 (0.93– 1.16) 0.5120 1.02 (0.91– 1.15) 0.730

HVS_Q3 10 839 1044 (9.63) 1.51 (1.36– 1.66) <0.001 1.31 (1.17– 1.46) <0.001 1.21 (1.08– 1.36) 0.001

HVS_Q4 10 313 1099 (10.66) 1.94 (1.75– 2.14) <0.001 1.56 (1.39– 1.75) <0.001 1.44 (1.27– 1.62) <0.001

CLI HVS_Q1 10 364 60 (0.58) Ref. Ref. Ref.

HVS_Q2 10 495 48 (0.46) 0.62 (0.42– 0.90) 0.013 0.60 (0.41– 0.89) 0.0115 0.58 (0.39– 0.87) 0.008

HVS_Q3 10 839 144 (1.33) 1.89 (1.40– 2.55) <0.001 1.30 (0.94– 1.81) 0.1157 1.14 (0.81– 1.61) 0.446

HVS_Q4 10 313 204 (1.98) 3.54 (2.66– 4.72) <0.001 1.93 (1.39– 2.69) <0.001 1.67 (1.18– 2.35) 0.003

Model 1: not adjusted. Model 2: adjusted for age, sex, baseline body mass index, hypertension, coronary artery disease, average of fasting glucose, average 
HbA1c, baseline eGFR. Model 3: adjusted for model 2 plus medications (metformin, SGLT2 inhibitor, DDP4 inhibitor, GLP- 1 agonist). AMI indicates acute 
myocardial infarction; CLI, critical limb ischemia; DPP4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; GLP- 1, glucagon- like peptide- 1; 
HbA1c, hemoglobin A1c; HVS, hemoglobin A1c variability score; MACE, major adverse cardiovascular event; MALE, major adverse limb events; PAD, peripheral 
arterial disease; Q, quartile; Ref., reference; and SGLT2, sodium- glucose co- transporter- 2.
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>200 mg/dL, HbA1c >8.5%, history of CAD, and 
SGLT2 inhibitor or GLP- 1 agonist use. Similarly, we 
performed subgroup analyses for MACE and MALE 
occurrence in the HVS groups using the first quartile 
as the reference quartile (Figure 3). We found that the 
HRs in the fourth quartile remained significant across 

most subgroup variables, except for baseline FPG 
>200 mg/dL, HbA1c >8.5%, baseline eGFR ≤60 mL/
min per 1.73 m2, and history of CAD, SGLT2 inhibitor, 
DPP4 inhibitor, and GLP- 1 agonist use. We further in-
vestigated the effects of GV on PAD and CLI among 
FGCV and HVS groups using subgroup analyses. 

Figure 2. Cumulative event incidence for MALEs (A) and MACEs (B), stratified by HVS.
HVS indicates hemoglobin A1c variability score; MACE, major adverse cardiovascular event; and MALE, 
major adverse limb event.
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The risk in the fourth quartile was consistently higher 
regardless of subgroup variables, except for HbA1c 
>8.5% and GLP- 1 agonist use (Figures S5 and S6).

DISCUSSION
In the current study, we first identified associations be-
tween GV and the incidences of MALEs and MACEs in a 
large cohort of patients with T2D. Our data demonstrated 
that higher GV is an independent predictor for both MALE 
and MACE incidence. Patients with T2D in the highest 
HVS quartile exhibited a 44% increase in MALE risk 
compared with the lowest HVS quartile after adjusting 
for confounding factors. In addition, patients with T2D in 
the highest FGCV quartile had a 57% increase in MALE 
risk compared with the lowest FGCV quartile. Increased 
FGCV and HVS were both associated with the develop-
ment of PAD, CLI, MACEs, and total mortality, indicating 
that the association with GV was consistent regardless 
of whether FPG or HbA1c were used to assess GV.

T2D is an important risk factor for PAD, which is 
associated with cardiovascular complications and 
long- term disability in patients with T2D.16,17 PAD is the 
primary cause of nontraumatic amputation, which is 

debilitating and portends poor prognosis. The 5- year 
survival rate is significantly lower for patients with T2D 
who undergo amputation because of the development 
of diabetic foot ulcers compared with patients who 
do not require amputation.18,19 Early screening and in-
terventions for modifiable risk factors associated with 
PAD development, such as smoking, hypertension, 
dyslipidemia, and obesity can reduce PAD risk and 
complications associated with PAD development.20 In 
addition to traditional risk factors, recent evidence has 
suggested that GV may confer additional risk for the 
development of atherosclerosis, playing a crucial role 
in diabetes- related complications.21 An observational 
study showed that decreased HbA1c levels and re-
duced HbA1c variability could improve ankle– brachial 
index values.22

Oxidative stress has been implicated in the un-
derlying mechanism mediating the effects of GV, and 
evidence suggests that the stimulation of superoxide 
production together with NADPH oxidase increases 
the release of inflammatory cytokines, leading to endo-
thelial dysfunction.23– 25 Both in vivo and in vitro stud-
ies have shown that fluctuations in glucose levels are 
associated with the increased production of reactive 

Figure 3. Subgroup analyses for MALEs (A) and MACEs (B) stratified by HVS.
BMI indicates body mass index; CAD, coronary artery disease; DPP4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular 
filtration rate; FG, fasting glucose; HbA1c, hemoglobin A1c; HR, hazard ratio; HVS, hemoglobin A1c variability score; GLP- 1a, 
glucagon- like peptide- 1 agonist; MACE, major adverse cardiac event; MALE, major adverse limb event; and SGLT2i, sodium- glucose 
co- transporter- 2 inhibitor.
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oxygen species and enhanced vascular damage com-
pared with chronic, persistent hyperglycemia.26– 28 
High GV is also associated with the risk of hypogly-
cemia, which has been found to be an independent 
cause of cardiovascular damage through the release 
of inflammatory cytokines and increased platelet acti-
vation.29,30 Collectively, high GV increases the risks as-
sociated with both hyperglycemia and hypoglycemia, 
subsequently inducing oxidative stress, inflammatory 
cytokine production, epigenetic changes, endothelial 
dysfunction, and β- cell dysfunction, more than sus-
tained chronic hyperglycemia. Furthermore, higher 
GV was strongly associated with a larger plaque bur-
den, ultimately contributing to diabetic complications 
and harmful consequences, including MACEs and 
MALEs.31 These various detrimental pathways con-
tribute to the increased incidence of both MALEs and 
MACEs associated with high GV.

The clinical relationship between GV and diabetic 
complications is difficult to ascertain because differ-
ent studies use different methods to assess GV.32 
Short- term GV is typically measured within- day and 
between- day, whereas long- term GV is evaluated 
based on the serial assessment of HbA1c, serial FPG, 
or postprandial glucose measurements over longer 
periods of time. Previous studies have revealed that 
short- term GV is associated with increased plaque for-
mation and poorer prognosis for acute coronary syn-
drome, whereas long- term GV has been independently 
associated with increased risks of MACE development 
and all- cause mortality.33– 35 Our data are in line with 
prior evidence that GV is adversely associated with 
MACE development, whereas no association between 
GV and MALE incidence has yet been reported.

Multiple metrics can be used to assess GV. Previous 
studies have shown that FGCV is an independent pre-
dictor of all- cause, cardiovascular, and cancer- related 
mortality.36 In addition, GV (as assessed using the SDs 
and CVs for HbA1c and fasting glycemia) was found 
to be associated with both microvascular and mac-
rovascular complications.37,38 There were consistent 
results on the all- cause mortality and cardiovascular 
events when using different parameters on glyce-
mic variability such as CV, SD, average successive 
variability, and variability independent of the mean.35 
Most studies evaluate HbA1c variability using the SD 
or CV for HbA1c values. Although both the SD and CV 
can reflect the distribution of HbA1c measures, these 
values can be difficult to interpret in clinical practice. 
Comparatively, HVS is more clinically tractable than 
either the SD or CV, and HVS has been established 
as an indicator of macrovascular and microvascular 
disease. In our study, we validated the use of HVS in 
the assessment of MALE risk, including PAD and CLI. 
HVS is advantageous because it is both significantly 
informative and clinically useful without incurring any 

major loss of information compared with the SD or CV 
of Hb1Ac values.

In the subgroup analysis, it is surprising and interest-
ing that the impact of GV was greater in those with lower 
baseline glucose level (fasting glucose level <200 mg/dL 
and HbA1c <8.5%). In the previous study, Lee et al has 
reported this similar finding that the impact of GV was 
greater in those with fasting glucose level <126 mg/dL.31 
Patients with higher GV may have a shorter duration of 
diabetes, fewer comorbidities, and not be treated with 
antidiabetic medication so that they were more vulner-
able to adverse outcomes despite having lower fasting 
glucose.31 In our cohort study, most patients with FGCV 
>100% had experience of glycemic emergency such as 
hyperglycemic hyperosmolar state or diabetic ketoaci-
dosis or hypoglycemia episodes. We also noticed that 
the FGCV was higher in our analytic cohort compared 
with other Asian populations.39,40 On the other hand, 
this observed phenomenon also highlighted the impor-
tance of higher GV in the lower fasting glucose group 
augmenting the risk for future PAD, and provided the 
possible target therapeutics.

High GV contributes to the development of chronic 
diabetes complications, especially MALEs and MACEs; 
therefore, good control of blood glucose levels and the 
maintenance of stable GV may reduce PAD and im-
prove clinical outcomes for patients with T2D.

Limitations
This study has several limitations. First, diseases in 
the National Taiwan University Hospital- Integrated 
Medical Database were identified using International 
Classification of Diseases, Ninth Revision and Tenth 
Revision, Clinical Modification (ICD- 9- CM and ICD- 
10- CM) codes and thus relied on the accuracy of the 
database. In addition, hemodynamics data and imag-
ing studies were available in the database and provided 
support for the diagnostic results. The quality of inte-
grated big data based on the electronic health records 
were assured.41 Second, patients with asymptomatic 
or mild PAD symptoms may not have been diagnosed, 
leading to the underestimation of PAD incidence. Third, 
this study was a retrospective, observational, database 
study, and numerous confounding factors may have 
influenced our results. Although we attempted to ad-
just for confounders using the multivariate Cox mod-
els, additional unexplored confounding factors likely 
exist. Fourth, we only considered those prescriptions 
being used at the time of the initial exam rather than 
applying a time- varying design in which prescriptions 
were reevaluated at each follow- up. Fifth, impossibility 
to measure glucose variability was a frequent cause 
of exclusion from this study. Some patients might not 
have attended regular follow- ups at our clinics or may 
have been referred to other medical facilities, which 
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may have introduced some selection bias, missed out-
comes, and other difficult to assess variability. Last, 
this was a retrospective cohort study.

CONCLUSIONS
In patients with T2D, higher GV led to significantly in-
creased risks of MALEs compared with lower GV, 
driven largely by the increased development of PAD 
and CLI. Patients with increased GV were also associ-
ated with increased risks of MACE development, non-
fatal stroke, nonfatal myocardial infarction, and death 
from any cause. The benefits of maintaining stable 
glycemic levels for improving clinical outcomes appear 
to be prominent. However, because this was an ob-
servational retrospective study, future larger, prospec-
tive, and multicenter prospective registries with longer 
follow- up are needed to validate these results.

ARTICLE INFORMATION
Received January 18, 2022; accepted October 25, 2022.

Affiliations
Division of Cardiology, Department of Internal Medicine, Fu Jen Catholic 
University Hospital, New Taipei City, Taiwan (J.-C.H.); Division of Cardiology, 
Department of Internal Medicine, National Taiwan University College of Medicine 
and Hospital, Taipei, Taiwan (J.-C.H., K.-C.H., J.-K.L., L.-Y.L.); Graduate Institute 
of Epidemiology and Preventive Medicine, College of Public Health, National 
Taiwan University, Taipei, Taiwan (J.-C.H.); Department of Medical Research 
(Y.-Y.Y., S.-L.C.) and Division of Cardiology, Department of Internal Medicine 
(K.-C.H.), National Taiwan University Hospital, Hsinchu, Taiwan; Department of 
Laboratory Medicine, National Taiwan University College of Medicine, Taipei, 
Taiwan (J.-K.L.); Cardiovascular Center (J.-K.L., L.-Y.L.) and Telehealth Center 
(J.-K.L.), National Taiwan University Hospital, Taipei, Taiwan.

Acknowledgments
The authors would like to thank the staff of the Department of Medical 
Research for providing clinical data from National Taiwan University Hospital- 
Integrated Medical Database.

Sources of Funding
This research was supported by the Ministry of Science and Technology 
of Taiwan (MOST 108- 2221- E- 002- 163, MOST 109- 2221- E- 002- 083, 
110- 2314- B- 002- 232- MY2) and National Taiwan University Hospital (107- 
EDN11, 108- N4406, 108EDN02, 109- O20, 109- S4579, 109- EDN11, 110- 
O08, 110- S5045, 110- EDN13).

Disclosures
None.

Supplemental Material
Tables S1– S8
Figures S1– S6

REFERENCES
 1. Williams R, Karuranga S, Malanda B, Saeedi P, Basit A, Besançon S, 

Bommer C, Esteghamati A, Ogurtsova K, Zhang P, et al. Global and 
regional estimates and projections of diabetes- related health expendi-
ture: results from the international diabetes federation diabetes atlas, 
9th edition. Diabetes Res Clin Pract. 2020;162:108072. doi: 10.1016/j.
diabr es.2020.108072

 2. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, 
Ohlrogge AW, Malanda B. IDF diabetes atlas: global estimates of 

diabetes prevalence for 2017 and projections for 2045. Diabetes Res 
Clin Pract. 2018;138:271– 281. doi: 10.1016/j.diabr es.2018.02.023

 3. Fan W. Epidemiology in diabetes mellitus and cardiovascular disease. 
Cardiovasc Endocrinol. 2017;6:8– 16. doi: 10.1097/XCE.00000 00000 
000116

 4. American Diabetes Association. Peripheral arterial disease in people 
with diabetes. Diabetes Care. 2003;26:3333– 3341. doi: 10.2337/diaca 
re.26.12.3333

 5. Mohammedi K, Woodward M, Hirakawa Y, Zoungas S, Colagiuri S, Hamet 
P, Harrap S, Poulter N, Matthews DR, Marre M, et al. Presentations of 
major peripheral arterial disease and risk of major outcomes in patients 
with type 2 diabetes: results from the ADVANCE- ON study. Cardiovasc 
Diabetol. 2016;15:129. doi: 10.1186/s1293 3- 016- 0446- x

 6. Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein 
HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT, Buse JB, Cushman 
WC, Saul Genuth S, Ismail- Beigi F, et al. Effects of intensive glucose 
lowering in type 2 diabetes. N Engl J Med. 2008;358:2545– 2559.

 7. Control Group, Turnbull FM, Abraira C, Anderson RJ, Byington RP, 
Chalmers JP, Duckworth WC, Evans GW, Gerstein HC, Holman RR, 
et al. Intensive glucose control and macrovascular outcomes in type 2 
diabetes. Diabetologia. 2009;52:2288– 2298.

 8. Mannucci E, Dicembrini I, Lauria A, Pozzilli P. Is glucose control import-
ant for prevention of cardiovascular disease in diabetes? Diabetes Care. 
2013;36(suppl 2):S259– S263. doi: 10.2337/dcS13 - 2018

 9. Jun JE, Jin SM, Baek J, Oh S, Hur KY, Lee MS, Lee MK, Kim JH. The 
association between glycemic variability and diabetic cardiovascular 
autonomic neuropathy in patients with type 2 diabetes. Cardiovasc 
Diabetol. 2015;14:70. doi: 10.1186/s1293 3- 015- 0233- 0

 10. Sun B, Luo Z, Zhou J. Comprehensive elaboration of glycemic vari-
ability in diabetic macrovascular and microvascular complications. 
Cardiovasc Diabetol. 2021;20:9. doi: 10.1186/s1293 3- 020- 01200 - 7

 11. Xu F, Zhao LH, Su JB, Chen T, Wang XQ, Chen JF, Wu G, Jin Y, Wang 
XH. The relationship between glycemic variability and diabetic periph-
eral neuropathy in type 2 diabetes with well- controlled HbA1c. Diabetol 
Metab Syndr. 2014;6:139. doi: 10.1186/1758- 5996- 6- 139

 12. Shen Y, Dai D, Lu J, Wang Y, Zhu W, Bao Y, Hu G, Zhou J. Visit- to- 
visit variability of glycated albumin was associated with incidence or 
progression of lower extremity atherosclerotic disease. Cardiovasc 
Diabetol. 2020;19:211. doi: 10.1186/s1293 3- 020- 01187 - 1

 13. Yang CP, Lin CC, Li CI, Liu CS, Lin CH, Hwang KL, Yang SY, Li TC. 
Fasting plasma glucose variability and HbA1c are associated with pe-
ripheral artery disease risk in type 2 diabetes. Cardiovasc Diabetol. 
2020;19:4. doi: 10.1186/s1293 3- 019- 0978- y

 14. Chung HS, Hwang SY, Kim JA, Roh E, Yoo HJ, Baik SH, Kim NH, 
Seo JA, Kim SG, Kim NH, et al. Implications of fasting plasma glu-
cose variability on the risk of incident peripheral artery disease in a 
population without diabetes: a nationwide population- based cohort 
study. Cardiovasc Diabetol. 2022;21:15. doi: 10.1186/s1293 3- 022- 
01448 - 1

 15. Forbes A, Murrells T, Mulnier H, Sinclair AJ. Mean HbA1c, HbA1c vari-
ability, and mortality in people with diabetes aged 70 years and older: 
a retrospective cohort study. Lancet Diabetes Endocrinol. 2018;6:476– 
486. doi: 10.1016/S2213 - 8587(18)30048 - 2

 16. Fowkes FG, Aboyans V, Fowkes FJ, MM MD, Sampson UK, Criqui MH. 
Peripheral artery disease: epidemiology and global perspectives. Nat 
Rev Cardiol. 2017;14:156– 170. doi: 10.1038/nrcar dio.2016.179

 17. Shu J, Santulli G. Update on peripheral artery disease: epidemiology 
and evidence- based facts. Atherosclerosis. 2018;275:379– 381. doi: 
10.1016/j.ather oscle rosis.2018.05.033

 18. Gregg EW, Sattar N, Ali MK. The changing face of diabetes complica-
tions. Lancet Diabetes Endocrinol. 2016;4:537– 547. doi: 10.1016/S2213 
- 8587(16)30010 - 9

 19. Lavery LA, Hunt NA, Ndip A, Lavery DC, Van Houtum W, Boulton AJM. 
Impact of chronic kidney disease on survival after amputation in individuals 
with diabetes. Diabetes Care. 2010;33:2365– 2369. doi: 10.2337/dc10- 1213

 20. Kosiborod M, Gomes MB, Nicolucci A, Pocock S, Rathmann W, 
Shestakova MV, Watada H, Shimomura I, Chen H, Cid- Ruzafa J, et al. 
Vascular complications in patients with type 2 diabetes: prevalence 
and associated factors in 38 countries (the DISCOVER study program). 
Cardiovasc Diabetol. 2018;17:150. doi: 10.1186/s1293 3- 018- 0787- 8

 21. Gorst C, Kwok CS, Aslam S, Buchan I, Kontopantelis E, Myint PK, 
Heatlie G, Loke Y, Rutter MK, Mamas MA. Long- term glycemic vari-
ability and risk of adverse outcomes: a systematic review and meta- 
analysis. Diabetes Care. 2015;38:2354– 2369. doi: 10.2337/dc15- 1188

https://doi.org/10.1016/j.diabres.2020.108072
https://doi.org/10.1016/j.diabres.2020.108072
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1097/XCE.0000000000000116
https://doi.org/10.1097/XCE.0000000000000116
https://doi.org/10.2337/diacare.26.12.3333
https://doi.org/10.2337/diacare.26.12.3333
https://doi.org/10.1186/s12933-016-0446-x
https://doi.org/10.2337/dcS13-2018
https://doi.org/10.1186/s12933-015-0233-0
https://doi.org/10.1186/s12933-020-01200-7
https://doi.org/10.1186/1758-5996-6-139
https://doi.org/10.1186/s12933-020-01187-1
https://doi.org/10.1186/s12933-019-0978-y
https://doi.org/10.1186/s12933-022-01448-1
https://doi.org/10.1186/s12933-022-01448-1
https://doi.org/10.1016/S2213-8587(18)30048-2
https://doi.org/10.1038/nrcardio.2016.179
https://doi.org/10.1016/j.atherosclerosis.2018.05.033
https://doi.org/10.1016/S2213-8587(16)30010-9
https://doi.org/10.1016/S2213-8587(16)30010-9
https://doi.org/10.2337/dc10-1213
https://doi.org/10.1186/s12933-018-0787-8
https://doi.org/10.2337/dc15-1188


J Am Heart Assoc. 2023;12:e025438. DOI: 10.1161/JAHA.122.025438 11

Hsu et al Glycemic Variability and MACE and MALE

 22. Feringa HHH, Karagiannis SE, Vidakovic R, Elhendy A, Schouten O, 
Boersma E, Bax JJ, Poldermans D. Glycemic control, lipid- lowering 
treatment, and prognosis in diabetic patients with peripheral athero-
sclerotic disease. Ann Vasc Surg. 2007;21:780– 789. doi: 10.1016/j.
avsg.2007.04.004

 23. Piconi L, Quagliaro L, Assaloni R, Da Ros R, Maier A, Zuodar G, Ceriello 
A. Constant and intermittent high glucose enhances endothelial cell 
apoptosis through mitochondrial superoxide overproduction. Diabetes 
Metab Res Rev. 2006;22:198– 203. doi: 10.1002/dmrr.613

 24. Azuma K, Kawamori R, Toyofuku Y, Kitahara Y, Sato F, Shimizu T, Miura 
K, Mine T, Tanaka Y, Mitsumata M, et al. Repetitive fuctuations in blood 
glucose enhance monocyte adhesion to the endothelium of rat tho-
racic aorta. Arterioscler Thromb Vasc Biol. 2006;26:2275– 2280. doi: 
10.1161/01.ATV.00002 39488.05069.03

 25. Quagliaro L, Piconi L, Assaloni R, Martinelli L, Motz E, Ceriello A. 
Intermittent high glucose enhances apoptosis related to oxidative stress 
in human umbilical vein endothelial cells: the role of protein kinase C 
and NAD(P)H- oxidase activation. Diabetes. 2003;52:2795– 2804. doi: 
10.2337/diabe tes.52.11.2795

 26. Ceriello A, Esposito K, Piconi L, Ihnat MA, Thorpe JE, Testa R, Boemi M, 
Giugliano D. Oscillating glucose is more deleterious to endothelial func-
tion and oxidative stress than mean glucose in normal and type 2 dia-
betic patients. Diabetes. 2008;57:1349– 1354. doi: 10.2337/db08- 0063

 27. Saisho Y. Glycemic variability and oxidative stress: a link between dia-
betes and cardiovascular disease? Int J Mol Sci. 2014;15:18381– 18406. 
doi: 10.3390/ijms1 51018381

 28. Horváth EM, Benko R, Kiss L, Murányi M, Pék T, Fekete K, Bárány T, 
Somlai A, Csordás A, Szabo C. Rapid ’glycaemic swings’ induce ni-
trosative stress, activate poly(ADP- ribose) polymerase and impair 
endothelial function in a rat model of diabetes mellitus. Diabetologia. 
2009;52:952– 961. doi: 10.1007/s0012 5- 009- 1304- 0

 29. Ratter JM, Rooijackers HM, Tack CJ, Hijmans AG, Netea MG, de Galan 
BE, Stienstra R. Proinflammatory effects of hypoglycemia in humans 
with or without diabetes. Diabetes. 2017;66:1052– 1061. doi: 10.2337/
db16- 1091

 30. Gogitidze JN, Hedrington MS, Briscoe VJ, Tate DB, Ertl AC, Davis SN. 
Effects of acute hypoglycemia on inflammatory and proatherothrom-
botic biomarkers in individuals with type 1 diabetes and healthy individ-
uals. Diabetes Care. 2010;33:1529– 1535. doi: 10.2337/dc09- 0354

 31. Lee DY, Han K, Park S, Yu JH, Seo JA, Kim NH, Yoo HJ, Kim SG, Choi 
KM, Baik SH, et al. Glucose variability and the risks of stroke, myocar-
dial infarction, and all- cause mortality in individuals with diabetes: retro-
spective cohort study. Cardiovasc Diabetol. 2020;19:144. doi: 10.1186/
s1293 3- 020- 01134 - 0

 32. Frontoni S, Di Bartolo P, Avogaro A, Bosi E, Paolisso G, Ceriello A. 
Glucose variability: an emerging target for the treatment of diabetes 
mellitus. Diabetes Res Clin Pract. 2013;102:86– 95. doi: 10.1016/j.diabr 
es.2013.09.007

 33. Okada K, Hibi K, Gohbara M, Kataoka S, Takano K, Akiyama E, 
Matsuzawa Y, Saka K, Maejima N, Endo M, et al. Association between 
blood glucose variability and coronary plaque instability in patients 
with acute coronary syndromes. Cardiovasc Diabetol. 2015;14:111. doi: 
10.1186/s1293 3- 015- 0275- 3

 34. Gresele P, Guglielmini G, De Angelis M, Ciferri S, Ciofetta M, Falcinelli E, 
Lalli C, Ciabattoni G, Davì G, Bolli GB. Acute, short- term hyperglycemia 
enhances shear stress- induced platelet activation in patients with type 
II diabetes mellitus. J Am Coll Cardiol. 2003;41:1013– 1020. doi: 10.1016/
S0735 - 1097(02)02972 - 8

 35. Echouffo- Tcheugui JB, Zhao S, Brock G, Matsouaka RA, Kline D, 
Joseph JJ. Visit- to- visit glycemic variability and risks of cardiovascu-
lar events and all- cause mortality: the ALLHAT study. Diabetes Care. 
2019;42:486– 493. doi: 10.2337/dc18- 1430

 36. Muggeo M, Zoppini G, Bonora E, Brun E, Bonadonna RC, Moghetti P, 
Verlato G. Fasting plasma glucose variability predicts 10- year survival 
of type 2 diabetic patients: the Verona diabetes study. Diabetes Care. 
2000;23:45– 50. doi: 10.2337/diaca re.23.1.45

 37. Cardoso CRL, Leite NC, Moram CBM, Salles GF. Long- term visit- to- visit 
glycemic variability as predictor of micro-  and macrovascular complica-
tions in patients with type 2 diabetes: the Rio de Janeiro type 2 diabe-
tes cohort study. Cardiovasc Diabetol. 2018;17:33. doi: 10.1186/s1293 
3- 018- 0677- 0

 38. Li S, Nemeth I, Donnelly L, Hapca S, Zhou K, Pearson ER. Visit- to- 
visit HbA 1c variability is associated with cardiovascular disease 
and microvascular complications in patients with newly diagnosed 
type 2 diabetes. Diabetes Care. 2020;43:426– 432. doi: 10.2337/
dc19- 0823

 39. Wang A, Liu X, Xu J, Han X, Su Z, Chen S, Zhang N, Wu S, Wang Y, 
Wang Y. Visit- to- visit variability of fasting plasma glucose and the risk 
of cardiovascular disease and all- cause mortality in the general popula-
tion. J Am Heart Assoc. 2017;6:e006757. doi: 10.1161/JAHA.117.006757

 40. Xu D, Fang H, Xu W, Yan Y, Liu Y, Yao B. Fasting plasma glucose vari-
ability and all- cause mortality among type 2 diabetes patients: a dy-
namic cohort study in Shanghai, China. Sci Rep. 2016;6:39633. doi: 
10.1038/srep3 9633

 41. Lee YC, Chao YT, Lin PJ, Yang YY, Yang YC, Chu CC, Wang YC, Chang 
CH, Chuang SL, Chen WC, et al. Quality assurance of integrative big 
data for medical research within a multihospital system. J Formos Med 
Assoc. 2022;121:1728– 1738. doi: 10.1016/j.jfma.2021.12.024

https://doi.org/10.1016/j.avsg.2007.04.004
https://doi.org/10.1016/j.avsg.2007.04.004
https://doi.org/10.1002/dmrr.613
https://doi.org/10.1161/01.ATV.0000239488.05069.03
https://doi.org/10.2337/diabetes.52.11.2795
https://doi.org/10.2337/db08-0063
https://doi.org/10.3390/ijms151018381
https://doi.org/10.1007/s00125-009-1304-0
https://doi.org/10.2337/db16-1091
https://doi.org/10.2337/db16-1091
https://doi.org/10.2337/dc09-0354
https://doi.org/10.1186/s12933-020-01134-0
https://doi.org/10.1186/s12933-020-01134-0
https://doi.org/10.1016/j.diabres.2013.09.007
https://doi.org/10.1016/j.diabres.2013.09.007
https://doi.org/10.1186/s12933-015-0275-3
https://doi.org/10.1016/S0735-1097(02)02972-8
https://doi.org/10.1016/S0735-1097(02)02972-8
https://doi.org/10.2337/dc18-1430
https://doi.org/10.2337/diacare.23.1.45
https://doi.org/10.1186/s12933-018-0677-0
https://doi.org/10.1186/s12933-018-0677-0
https://doi.org/10.2337/dc19-0823
https://doi.org/10.2337/dc19-0823
https://doi.org/10.1161/JAHA.117.006757
https://doi.org/10.1038/srep39633
https://doi.org/10.1016/j.jfma.2021.12.024


SUPPLEMENTAL MATERIAL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1. Baseline patients’ characteristics with FGCV 
  

FGCV 
  Q1 

(0%-9.00%) 
Q2 

(9.01%-14.60%) 
Q3 

(14.61%-23.69%) 
Q4 

(23.70%-189.27%) 

N  10,872 (25.16) 10,970 (25.39) 10,711 (24.79) 10,653 (24.66) 
Age (yr) 67.46 (9.67) 67.01 (9.67) 67.05 (9.77) 67.30 (10.17) 
Male  5,352 (49.23) 5,818 (53.04) 5,678 (53.01) 5,758 (54.05) 
Baseline BMI (kg/m2) 67.46 (9.67) 67.01 (9.67) 67.05 (9.77) 67.30 (10.17) 
Hypertension  2,620 (24.10) 2,168 (19.76) 1,647 (15.38) 1,358 (12.75) 
CAD  1,156 (10.63) 945 (8.61) 787 (7.35) 644 (6.05) 
Baseline FPG (mg/dL) 117.14 (24.36) 127.99 (27.99) 140.0 (41.45) 160.60 (75.65) 
Baseline HbA1c (%) 6.47 (0.89) 6.86 (1.00) 7.36 (1.33) 8.04 (1.82) 
Baseline eGFR (mL/min/1.73 m2) 71.49 (26.59) 72.10 (27.68) 69.89 (29.72) 62.54 (32.83) 

Medication 
 

Antiplatelet 3,725 (34.26) 4,261 (38.84) 4,537 (42.36) 4,621 (43.38) 
Anticoagulant 677 (6.23) 686 (6.25) 695 (6.49) 774 (7.27) 
CCB 5,116 (47.06) 5,709 (52.04) 5,983 (55.86) 6,259 (58.75) 
Beta-blocker 3,752 (34.51) 4,152 (37.85) 4,164 (38.88) 4,471 (41.97) 
ACEI/ARB 5,299 (48.74) 6,267 (57.13) 6,577 (61.40) 6,441 (60.46) 
Diuretics 2,388 (21.96) 2,843 (25.92) 3,437 (32.09) 4,613 (43.30) 
Statin 4,985 (45.85) 5,856 (53.38) 5,916 (55.23) 5,475 (51.39) 
Insulin 1,096 (10.08) 1,613 (14.70) 3,151 (29.42) 6,146 (57.69) 
Metformin 5,437 (50.01) 8,197 (74.72) 8,415 (78.56) 7,483 (70.24) 



SGLT-2 inhibitor 543 (4.99) 1,342 (12.23) 1,937 (18.08) 1,609 (15.10) 
DPP4 inhibitor 2,316 (21.30) 4,717 (43.00) 6,421 (59.95) 6,879 (64.57) 
Sulphonylurea 1,651 (15.19) 4,405 (40.15) 6,698 (62.53) 6,810 (63.93) 
TZD 413 (3.80) 1,159 (10.57) 2,050 (19.14) 2,303 (21.62) 
GLP-1 agonist 23 (0.21) 88 (0.80) 271 (2.53) 402 (3.77) 

FGCV, coefficients of variability of fasting glucose; HVS, HbA1c variability score; BMI: body mass index; CAD, coronary artery disease; FPG, 
fasting glucose; eGFR, estimated glomerular filtration rate; CCB, calcium channel blocker; ACEI/ARB, angiotensin converting enzyme 
inhibitor/angiotensin receptor blocker; SGLT-2 inhibitor, sodium-glucose co-transporter-2 inhibitor; DPP4 inhibitor, dipeptidyl peptidase 4 
inhibitor; TZD, thiazolidinediones; GLP-1 agonist, glucagon like peptide-1 agonist. 
  



Table S2. Baseline characteristics of patients with and without missing values 
 

 Missing HbA1c and/or 
fasting glucose 

(N=25883) 

Enrolled cohort 
(N=45436) 

P value 

Age, mean (SD) 68.59 (10.12) 67.33 (9.87) <.0001 
Male (%) 13190 (50.96) 23797 (52.37) 0.0364 
Baseline BMI 25.31 (4.36) 25.52 (4.35) <.0001 
Hypertension (%) 1,443 (5.58) 8,020 (17.65) <.0001 
CAD (%) 720 (2.78) 3,594 (7.91) <.0001 
Baseline FG, mean (SD) 138.40 (58.13) 136.40 (49.74) 0.011 
Baseline HbA1C, mean (SD) 7.31 (1.60) 7.18 (1.44) <.0001 
Baseline eGFR, mean (SD) 64.96 (32.20) 68.62 (29.79) <.0001 
Medication 

     

  Antiplatelet (%) 3,834 (14.81) 17,897 (39.39) <.0001 
  Anticoagulant (%) 485 (1.87) 2,988 (6.58) <.0001 
  CCB (%) 5,776 (22.32) 24,179 (53.22) <.0001 
  Beta-blocker (%) 3,418 (13.21) 17,240 (37.94) <.0001 
  ACEI/ARB (%) 4,506 (17.41) 25,517 (56.16) <.0001 
  Diuretics (%) 3,310 (12.79) 14,066 (30.96) <.0001 
  Statin (%) 2,642 (10.21) 22,861 (50.31) <.0001 
  Insulin (%) 5,421 (20.94) 12,965 (28.53) <.0001 
  Metformin (%) 4,777 (18.46) 30,528 (67.19) <.0001 
  SGLT-2 inhibitor (%) 236 (0.91) 5,511 (12.13) <.0001 



  DDP4 inhibitor (%) 3,180 (12.29) 21,028 (46.28) <.0001 
  Sulphonylurea (%) 3,216 (12.43) 20,314 (44.71) <.0001 
  TZD (%) 488 (1.89) 6,083 (13.39) <.0001 
  GLP-1 agonist (%) 22 (0.08) 796 (1.75) <.0001 

BMI: body mass index; CAD, coronary artery disease; FPG, fasting glucose; eGFR, estimated glomerular filtration rate; CCB, calcium 
channel blocker; ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; SGLT-2 inhibitor, sodium-glucose 
co-transporter-2 inhibitor; DPP4 inhibitor, dipeptidyl peptidase 4 inhibitor; TZD, thiazolidinediones; GLP-1 agonist, glucagon like 
peptide-1 agonist. 
 
  



Table S3. Number of visits for the glycemic variability parameters 
 

 Min Average Max 
HVS 

Number of visits 2 13.38 75 
FGCV 

Number of visits 2 14.27 107 
FGCV, coefficients of variability of fasting glucose; HVS, HbA1c variability score 
 
  



Table S4. Adjusted hazard ratios for MACE and MALE across quartiles of glycemic variability by FGCV 
 

  
   

Model 1 Model 2 Model 3 

Outcome Group No. Event (%) HR (95% C.I.) p HR (95% C.I.) p HR (95% C.I.) p 

Total mortality FGCV_Q1 10,872 1,009 (9.28) ref. 
 

ref.  ref.   
FGCV_Q2 10,970 1,039 (9.47) 0.90 (0.82 - 0.98) 0.016 0.92 (0.83 - 1.01) 0.094 1.03 (0.94 - 1.14) 0.509  
FGCV_Q3 10,711 1,433 (13.38) 1.24 (1.15- 1.35) <0.001 1.28 (1.17 - 1.41) <0.001 1.51 (1.37 - 1.66) <0.001  
FGCV_Q4 10,653 2,667 (25.04) 2.58 (2.40 - 2.78) <0.001 2.39 (2.18 - 2.61) <0.001 2.69 (2.45 - 2.95) <0.001 

MACE FGCV_Q1 10,872 657 (6.04) ref.  
ref. 

 
ref.   

FGCV_Q2 10,970 799 (7.28) 1.13 (1.01 - 1.25) 0.026 1.05 (0.94 - 1.18) 0.352 0.97 (0.87 - 1.09) 0.649  
FGCV_Q3 10,711 993 (9.27) 1.42 (1.29 - 1.57) <0.001 1.25 (1.13 - 1.40) <0.001 1.10 (0.99 - 1.23) 0.092  
FGCV_Q4 10,653 1,365 (12.81) 2.12 (1.93 - 2.33) <0.001 1.60 (1.44 - 1.79) <0.001 1.40 (1.25 - 1.56) <0.001 

Cardiac mortality FGCV_Q1 10,872 175 (1.61) ref. 
 

ref. 
 

ref.   
FGCV_Q2 10,970 186 (1.70) 0.92 (0.74 - 1.13) 0.399 0.89 (0.70 - 1.12) 0.315 0.96 (0.76 - 1.22) 0.751  
FGCV_Q3 10,711 236 (2.20) 1.16 (0.95 - 1.41) 0.140 1.04 (0.83 - 1.30) 0.726 1.16 (0.92 - 1.46) 0.218  
FGCV_Q4 10,653 404 (3.79) 2.25 (1.88 - 2.68) <0.001 1.56 (1.25 - 1.94) <0.001 1.65 (1.32 - 2.07) <0.001 

AMI FGCV_Q1 10,872 207 (1.90) ref.  ref.  ref.  
 FGCV_Q2 10,970 253 (2.31) 1.12 (0.93 - 1.35) 0.217 1.01 (0.84 - 1.23) 0.893 0.84 (0.69 - 1.02) 0.076 
 FGCV_Q3 10,711 338 (3.16) 1.52 (1.28 - 1.81) <0.001 1.26 (1.05 - 1.51) 0.015 0.93 (0.77 - 1.13) 0.461 
 FGCV_Q4 10,653 472 (4.43) 2.30 (1.95 - 2.70) <0.001 1.57 (1.30 - 1.89) <0.001 1.20 (0.99 - 1.45) 0.070 
Ischemic stroke FGCV_Q1 10,872 337 (3.10) ref.  ref.  ref.  
 FGCV_Q2 10,970 398 (3.63) 1.12 (0.97 - 1.30) 0.123 1.05 (0.90 - 1.23) 0.515 0.95 (0.82 - 1.12) 0.557 
 FGCV_Q3 10,711 470 (4.39) 1.35 (1.17 - 1.55) <0.001 1.21 (1.04 - 1.41) 0.015 1.05 (0.90 - 1.23) 0.532 
 FGCV_Q4 10,653 618 (5.80) 1.86 (1.63 - 2.13) <0.001 1.52 (1.30 - 1.77) <0.001 1.31 (1.12 - 1.54) <0.001 



MALE FGCV_Q1 10,872 584 (5.37) ref.  ref.  ref.  
 FGCV_Q2 10,970 691 (6.30) 1.10 (0.98 - 1.22) 0.106 1.01 (0.90 - 1.14) 0.844 0.99 (0.88 - 1.11) 0.861 
 FGCV_Q3 10,711 935 (8.73) 1.52 (1.37 - 1.68) <0.001 1.32 (1.18 - 1.48) <0.001 1.24 (1.10 - 1.39) <0.001 
 FGCV_Q4 10,653 1,314 (12.33) 2.32 (2.10 - 2.56) <0.001 1.72 (1.54 - 1.92) <0.001 1.57 (1.40 - 1.76) <0.001 
PAD FGCV_Q1 10,872 583 (5.36) ref.  ref.  ref.  
 FGCV_Q2 10,970 691 (6.30) 1.10 (0.98 - 1.23) 0.1000 1.01 (0.90 - 1.14) 0.818 0.99 (0.88 - 1.12) 0.889 
 FGCV_Q3 10,711 935 (8.73) 1.52 (1.37 - 1.69) <0.001 1.33 (1.19 - 1.48) <0.001 1.24 (1.11 - 1.39) <0.001 
 FGCV_Q4 10,653 1,312 (12.32) 2.32 (2.10 - 2.56) <0.001 1.72 (1.54 - 1.92) <0.001 1.57 (1.40 - 1.76) <0.001 
CLI FGCV_Q1 10,872 43 (0.40) ref.  ref.  ref.  
 FGCV_Q2 10,970 49 (0.45) 1.01 (0.67 - 1.52) 0.974 0.87 (0.57 - 1.32) 0.510 0.83 (0.54 - 1.28) 0.407 
 FGCV_Q3 10,711 104 (0.97) 2.15 (1.51 - 3.07) <0.001 1.47 (1.01 - 2.14) 0.042 1.34 (0.91 - 1.96) 0.142 
 FGCV_Q4 10,653 250 (2.35) 5.74 (4.16 - 7.94) <0.001 2.53 (1.76 - 3.62) <0.001 2.19 (1.51 - 3.17) <0.001 

Model 1: no adjust;  
Model 2: adjusted for age, sex, baseline BMI, hypertension, CAD, average FG, average HbA1c, baseline eGFR;  
Model 3: adjusted for model 2 plus medications (metformin, SGLT2 inhibitor, DDP4 inhibitor, GLP-1 agonist) 
FGCV, coefficients of variability of fasting glucose; HVS, HbA1c variability score; BMI: body mass index; CAD, coronary artery disease; FPG, 
fasting glucose; eGFR, estimated glomerular filtration rate; CCB, calcium channel blocker; ACEI/ARB, angiotensin converting enzyme 
inhibitor/angiotensin receptor blocker; SGLT-2 inhibitor, sodium-glucose co-transporter-2 inhibitor; DPP4 inhibitor, dipeptidyl peptidase 4 
inhibitor; TZD, thiazolidinediones; GLP-1 agonist, glucagon like peptide-1 agonist. 

 
  



Table S5. The results of HbA1c variability with SD for outcomes 
 

Outcome Group Patient No. event (%) HR 95% C.I. p value 
Total mortality HbA1c-SD_Q1 10,537 1,120 (10.63) ref. 

  
 

HbA1c-SD_Q2 10,495 1,178 (11.22) 0.89 (0.81- 0.97) 0.0105  
HbA1c-SD_Q3 10,492 1,489 (14.19) 0.93 (0.85- 1.03) 0.1488  
HbA1c-SD_Q4 10,487 2,059 (19.63) 1.17 (1.06- 1.29) 0.0021 

  Cardiac mortality HbA1c-SD_Q1 10,537 215 (2.04) ref. 
  

 
HbA1c-SD_Q2 10,495 222 (2.12) 0.78 (0.63- 0.96) 0.0203  
HbA1c-SD_Q3 10,492 235 (2.24) 0.60 (0.48- 0.75) <.0001  
HbA1c-SD_Q4 10,487 309 (2.95) 0.69 (0.55 - 0.88) 0.0027 

Non-cardiac mortality HbA1c-SD_Q1 10,537 905 (8.59) ref. 
  

 
HbA1c-SD_Q2 10,495 956 (9.11) 0.91 (0.82- 1.01) 0.0653  
HbA1c-SD_Q3 10,492 1,254 (11.95) 1.02 (0.92- 1.13) 0.7381  
HbA1c-SD_Q4 10,487 1,750 (16.69) 1.29 (1.16- 1.45) <.0001 

MACE HbA1c-SD_Q1 10,537 668 (6.34) ref. 
  

 
HbA1c-SD_Q2 10,495 861 (8.20) 1.01 (0.91- 1.13) 0.8133  
HbA1c-SD_Q3 10,492 1,036 (9.87) 0.98 (0.87- 1.10) 0.6949  
HbA1c-SD_Q4 10,487 1,310 (12.49) 1.14 (1.01- 1.28) 0.0399 

  AMI HbA1c-SD_Q1 10,537 195 (1.85) ref. 
  

 
HbA1c-SD_Q2 10,495 278 (2.65) 1.00 (0.82- 1.22) 0.9980  
HbA1c-SD_Q3 10,492 358 (3.41) 0.93 (0.76- 1.14) 0.4999  
HbA1c-SD_Q4 10,487 489 (4.66) 1.11 (0.89- 1.37) 0.3524 

  Ischemic stroke HbA1c-SD_Q1 10,537 315 (2.99) ref. 
  



 
HbA1c-SD_Q2 10,495 424 (4.04) 1.10 (0.94- 1.29) 0.2309  
HbA1c-SD_Q3 10,492 516 (4.92) 1.17 (0.99- 1.37) 0.0620  
HbA1c-SD_Q4 10,487 613 (5.85) 1.30 (1.09- 1.55) 0.0031 

MALE HbA1c-SD_Q1 10,537 605 (5.74) ref. 
  

 
HbA1c-SD_Q2 10,495 747 (7.12) 1.01 (0.90- 1.13) 0.8932  
HbA1c-SD_Q3 10,492 1,021 (9.73) 1.14 (1.02- 1.28) 0.0262  
HbA1c-SD_Q4 10,487 1,132 (10.79) 1.19 (1.05- 1.35) 0.0077 

  PAD HbA1c-SD_Q1 10,537 605 (5.74) ref. 
  

 
HbA1c-SD_Q2 10,495 746 (7.11) 1.01 (0.90- 1.13) 0.9135  
HbA1c-SD_Q3 10,492 1,020 (9.72) 1.14 (1.01- 1.28) 0.0279  
HbA1c-SD_Q4 10,487 1,131 (10.78) 1.19 (1.05- 1.35) 0.0083 

  CLI HbA1c-SD_Q1 10,537 52 (0.49) ref. 
  

 
HbA1c-SD_Q2 10,495 69 (0.66) 0.82 (0.56- 1.20) 0.2975  
HbA1c-SD_Q3 10,492 118 (1.12) 0.82 (0.57- 1.18) 0.2825 

  HbA1c-SD_Q4 10,487 217 (2.07) 1.09 (0.75- 1.58) 0.6580 
Model3 : model2+ medication (insulin, metformin, SGLT2inhibitor, DDP4 inhibitor, GLP-1 agonist 
FGCV, coefficients of variability of fasting glucose; HVS, HbA1c variability score; MALE, major adverse limb events (MALEs); MACEs, major 
adverse cardiovascular events; AMI, acute myocardial infarction; PAD, peripheral arterial disease; CLI, critical limb ischemia 
 
  



Table S6. The results of HbA1c variability with CV for outcomes 
 

Outcome Group Patient No. event (%) HR 95% C.I. p value 
Total mortality HbA1c-CV_Q1 10,543 1,121 (10.63) ref. 

  
 

HbA1c-CV_Q2 10,489 1,107 (10.55) 0.83 (0.75- 0.91) <.0001  
HbA1c-CV_Q3 10,490 1,510 (14.39) 0.93 (0.84- 1.02) 0.1001  
HbA1c-CV_Q4 10,489 2,108 (20.10) 1.17 (1.06- 1.29) 0.0017 

  Cardiac mortality HbA1c-CV_Q1 10,543 212 (2.01) ref. 
  

 
HbA1c-CV_Q2 10,489 209 (1.99) 0.74 (0.60- 0.91) 0.0050  
HbA1c-CV_Q3 10,490 247 (2.35) 0.63 (0.50- 0.78) <.0001  
HbA1c-CV_Q4 10,489 313 (2.98) 0.69 (0.55- 0.87) 0.0014 

Non-cardiac mortality HbA1c-CV_Q1 10,543 909 (8.62) ref. 
  

 
HbA1c-CV_Q2 10,489 898 (8.56) 0.85 (0.76- 0.94) 0.0022  
HbA1c-CV_Q3 10,490 1,263 (12.04) 1.00 (0.90- 1.11) 0.9659  
HbA1c-CV_Q4 10,489 1,795 (17.11) 1.29 (1.16- 1.44) <.0001 

MACE HbA1c-CV_Q1 10,543 661 (6.27) ref. 
  

 
HbA1c-CV_Q2 10,489 826 (7.87) 0.97 (0.87- 1.09) 0.6177  
HbA1c-CV_Q3 10,490 1,060 (10.10) 1.00 (0.90- 1.12) 0.9489  
HbA1c-CV_Q4 10,489 1,328 (12.66) 1.17 (1.04- 1.31) 0.0105 

  AMI HbA1c-CV_Q1 10,543 195 (1.85) ref. 
  

 
HbA1c-CV_Q2 10,489 274 (2.61) 1.01 (0.83- 1.23) 0.9447  
HbA1c-CV_Q3 10,490 359 (3.42) 0.94 (0.77- 1.15) 0.5424  
HbA1c-CV_Q4 10,489 492 (4.69) 1.15 (0.94- 1.41) 0.1796 

  Ischemic stroke HbA1c-CV_Q1 10,543 309 (2.93) ref. 
  



 
HbA1c-CV_Q2 10,489 400 (3.81) 1.06 (0.90- 1.24) 0.5176  
HbA1c-CV_Q3 10,490 533 (5.08) 1.22 (1.04- 1.43) 0.0149  
HbA1c-CV_Q4 10,489 626 (5.97) 1.36 (1.15- 1.61) 0.0004 

MALE HbA1c-CV_Q1 10,543 596 (5.65) ref. 
  

 
HbA1c-CV_Q2 10,489 756 (7.21) 1.03 (0.92- 1.16) 0.6236  
HbA1c-CV_Q3 10,490 1,018 (9.70) 1.12 (1.00- 1.26) 0.0508  
HbA1c-CV_Q4 10,489 1,135 (10.82) 1.17 (1.03- 1.32) 0.0127 

  PAD HbA1c-CV_Q1 10,543 596 (5.65) ref. 
  

 
HbA1c-CV_Q2 10,489 755 (7.20) 1.03 (0.92- 1.15) 0.6419  
HbA1c-CV_Q3 10,490 1,017 (9.69) 1.12 (1.00- 1.26) 0.0537  
HbA1c-CV_Q4 10,489 1,134 (10.81) 1.17 (1.03- 1.32) 0.0135 

  CLI HbA1c-CV_Q1 10,543 55 (0.52) ref. 
  

 
HbA1c-CV_Q2 10,489 66 (0.63) 0.77 (0.52- 1.12) 0.1663  
HbA1c-CV_Q3 10,490 122 (1.16) 0.77 (0.54- 1.10) 0.1530 

  HbA1c-CV_Q4 10,489 213 (2.03) 1.01 (0.71- 1.45) 0.9499 
Model 3: adjusted for age, sex, baseline BMI, hypertension, CAD, average FG, average HbA1c, baseline eGFR plus medications (metformin, 
SGLT2 inhibitor, DDP4 inhibitor, GLP-1 agonist) 
FGCV, coefficients of variability of fasting glucose; HVS, HbA1c variability score; MALE, major adverse limb events (MALEs); MACEs, major 
adverse cardiovascular events; AMI, acute myocardial infarction; PAD, peripheral arterial disease; CLI, critical limb ischemia



Table S7. Pairwise comparison for log-rank test of FGCV 
  

MACE MALE 
FGCV_Q1 v.s. FGCV_Q2 0.0177 0.1053 
FGCV_Q1 v.s. FGCV_Q3 <.0001 <.0001 
FGCV_Q1 v.s. FGCV_Q4 <.0001 <.0001 
FGCV_Q2 v.s. FGCV_Q3 <.0001 <.0001 
FGCV_Q2 v.s. FGCV_Q4 <.0001 <.0001 
FGCV_Q3 v.s. FGCV_Q4 <.0001 <.0001 

FGCV, coefficients of variability of fasting glucose; HVS, HbA1c variability score; MALE, major adverse limb events (MALEs); MACEs, major 
adverse cardiovascular events 
  



Table S8. Pairwise comparison for log-rank test of HVS 
  

MACE MALE 
HVS_Q1 v.s. HVS_Q2 0.0090 0.1264 
HVS_Q1 v.s. HVS_Q3 <.0001 <.0001 
HVS_Q1 v.s. HVS_Q4 <.0001 <.0001 
HVS_Q2 v.s. HVS_Q3 <.0001 <.0001 
HVS_Q2 v.s. HVS_Q4 <.0001 <.0001 
HVS_Q3 v.s. HVS_Q4 <.0001 <.0001 

FGCV, coefficients of variability of fasting glucose; HVS, HbA1c variability score; MALE, major adverse limb events (MALEs); MACEs, major 
adverse cardiovascular events 
  



Figure S1. Scatter plot along with Pearson’s correlation test. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. Restrictive cubic spline (RCS) for non-linear hazard ratio of MALE (A), 

MACE (B), CLI (C), and cardiac mortality (D) stratified by HVS. 
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(D) 

 

MALE, major adverse limb event; MACE, major adverse cardiovascular event; CLI, 

critical limb ischemia; HVS, HbA1c variability score. 



Figure S3. Cumulative event incidence for MALEs (A) and MACEs (B) stratified by 

FGCV. 

(A) 

 

(B) 

 

MALE, major adverse limb event; MACE, major adverse cardiovascular event; FGCV, 

fasting glucose coefficient of variability. 



Figure S4. Subgroup analyses for MALEs (A) and MACEs (B) stratified by FGCV. 

 

MACE, major adverse cardiac event; MALE, major adverse limb event; FGCV, fasting 

glucose coefficient of variability. 

 

 

 

 

 

 

 



Figure S5. Subgroup analyses for CLI stratified by FGCV (A) and HVS (B). 

 

CLI, critical limb ischemia; FGCV, fasting glucose coefficient of variability; HVS, HbA1c 

variability score. 

 

 

 

 

 

 

 



Figure S6. Subgroup analyses for PAD stratified by FGCV (A) and HVS (B). 

 

PAD, peripheral artery disease; FGCV, fasting glucose coefficient of variability; HVS, 

HbA1c variability score. 
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