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Background: Self-management of blood glucose levels to avoid hypoglycemia
is vital for patients with type 2 diabetes mellitus (T2DM). The association
between specific metrics of glycemic variability (glycosylated hemoglobin
Alc [HbAlc] and fasting plasma glucose [FPC]) and severe hypoglycemia has
not been fully studied in patients with T2DM.

Methods: In this post hoc analysis, patients with established T2DM with a high
risk of cardiovascular disease were included in the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) study. The Cox proportional
hazards model was used to investigate the relationship between glycemic
variability and hypoglycemia requiring medical assistance (HMA) and
hypoglycemia requiring any third-party assistance (HAA). The prognostic
value of HbA1c/FPG variability for our predefined outcomes was compared
using Harrell's C method.

Results: After adjusting for confounders, each increase in HbAlc variability of 1
standard deviation (SD) indicated a higher risk of HAA (hazard ratio [HR]: 1.10;
95% confidence interval [Cl]: 1.03-1.16; P < 0.01) and HMA events (HR: 1.11;
95% Cl: 1.03-1.20; P < 0.01). Meanwhile, each increase in FPG variability of 1 SD
increased the risk of HAA (HR: 1.40; 95% CI: 1.31-1.49; P < 0.01) and HMA
events (HR: 1.46; 95% Cl: 1.35-1.57; P < 0.01). Meanwhile, models, including
FPG variability, had better prognostic value for our predefined outcomes than
HbAlc variability (P < 0.01).
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Conclusions: Increased visit-to-visit variability in HbAlc and fasting glycemia is
associated with a greater risk of severe hypoglycemic events in T2DM patients.
FPG variability is a more sensitive indicator than HbAlc variability.

Trial registration: http://www.clinicaltrials.gov. Unique identifier: NCT0O0000620.

KEYWORDS

Severe hypoglycemia, HbAlc variability, fasting glycemia variability, type 2 diabetes
mellitus, comparative analysis

Introduction

Type 2 diabetes mellitus (T2DM) is a major public health
challenge that requires personalized lifetime management.
Glucose-lowering therapy is essential to prevent T2DM
progression (1, 2). The dose of glucose-lowering medications,
such as insulin and metformin, are adjusted according to the
monitored glucose level, which is fundamental in the
management of T2DM patients. Severe hypoglycemia is
defined as episodes of low plasma glucose concentration in
T2DM patients receiving glucose-lowering medication, which
exposes the patient to potential harm, such as confusion,
disorientation, convulsion, loss of consciousness, major
adverse cardiac events, and even death (3). Understanding the
risk factors to immediately identify severe hypoglycemia may
assist health providers, caregivers, and specialists in developing
up-to-date diabetes management strategies for T2DM patients,
especially those at high risk of cardiovascular disease.

The DEVOTE study demonstrated that day-to-day fasting
plasma glucose (FPG) variability is associated with severe
hypoglycemia (4). However, all participants in the DEVOTE
study received insulin treatment only but without other oral
medication, which limits its generalizability. Furthermore, there
are several metrics for the assessment of glycemic variability in
different settings. FPG variability is a long-term metric based on
visit-to-visit FPG measurements (4, 5). Glycosylated hemoglobin
Alc (HbAlc) is also a common metric to evaluate the long-term
status of glycemia. The DEVOTE study only focused on the
relationship between day-to-day FPG variability and the risk of
severe hypoglycemia. Few studies have compared the efficacy of
different metrics in predicting undesirable outcomes and
explored the associations between long-term HbAlc variability

Abbreviations: T2DM, Type-2 diabetes mellitus; FPG, Fasting plasma
glucose; HbAlc, Glycosylated hemoglobin Alc; GV, glycemic variability;
CVD, Cardiovascular disease; ACCORD, The Action to Control
Cardiovascular Risk in Diabetes; SD, Standard deviation; GFR, Glomerular
filtration rate; HMA, hypoglycemia requiring medical assistance; HAA,
hypoglycemia requiring any third-party assistance.
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and severe hypoglycemic events, ignoring the predictive role of
HbAlc variability. Therefore, this post-hoc analysis aimed to
determine the association between HbA1c¢/FPG variability and
severe hypoglycemic events, as well as comparing the predictive
efficacy between FPG variability and HbAlc variability.

Method
Study design

We conducted a post-hoc analysis of data from the Action to
Control Cardiovascular Risk in Diabetes (ACCORD) study, a
randomized trial involving 10,251 volunteers with T2DM from
77 clinical sites in the U.S and Canada. The detailed design and
principal results have been described previously (6, 7). The
ACCORD trial was a double 2x2 factorial trial that primarily
investigated whether intensified control of blood glucose
(HbAlc, <7.0% vs. 7.0%-7.9%), blood pressure (systolic blood
pressure [SBP], <120 vs. <140 mmHg), or lipids (placebo vs.
fenofibrate) could reduce the incidence of cardiovascular disease
(CVD) in T2DM patients with CVD or high CVD risk. Among
the enrolled patients in the ACCORD trial, 10,052 fulfilled the
inclusion criteria for HbAlc variability analysis and 10,068 for
FPG variability analysis. Patients with less than three
measurements of HbA1c/FPG were excluded from our
analysis. Included patients were then primarily randomized
into two groups based on their glucose-lowering therapy:
intensive group and standard group. They were then assessed
every 4 months, including HbA1¢/FPG measurements.

Measures of HbA1c/FPG variability

HbA1c/FPG levels were measured at a core laboratory every
4 months. HbA1c/FPG variability was defined as the intra-
individual variability in HbA1c/FPG between visits using
average successive variability (ASV), defined as the average
absolute difference between successive values.
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Study outcomes

The occurrence of severe hypoglycemic events was the
primary outcome. The researcher reiterated the course
instructions every visit on how to recognize, prevent, and self-
treat hypoglycemia. Severe hypoglycemia was defined as plasma
glucose below 50 mg/dL (2.8 mmol/L) or presence of symptoms
that promptly resolved with oral carbohydrate, intravenous
glucose, or parenteral glucagon. Severe hypoglycemic events
were recorded in detail at each visit. We defined two types of
severe hypoglycemia events in this study, hypoglycemia
requiring medical assistance (HMA) and hypoglycemia
requiring any third-party assistance (HAA), as described
previously. Generally, if participants had episodes requiring
hospitalization or emergency medical care, they were defined
as HMA. Similarly, if participants had episodes requiring
assistance from any person or organization, regardless of
whether they are medical or non-medical, it was defined
as HAA.

Statistical analysis

The baseline characteristics of the included patients are
presented as mean * standard deviation (SD) with normal
distribution or as median (25th and 75th percentiles) with
skewed distribution. Continuous variables were compared
using a Student’s t-test or Mann-Whitney U test according to
the distribution type, and categorical variables were compared
using a chi-square test. First, the participants were divided into
four groups based on mean HbA1c/FPG levels. Then, for each
group, they were further divided into two groups based on high
variability (greater than or equal to the median) or low
variability (below the median) for the comparative study to
analyze the risk of HAA/HMA events. Cox proportional hazards
models assessed the relationship between the ASV of HbAlc/
FPG and severe hypoglycemic events. Model 1 was adjusted for
mean FPG and HbA1c levels, age, sex, race, and glucose control
strategy (intensive/standard). Model 2 was adjusted for model 1
in addition to a history of CVD, education, depression (yes/no),
cigarette smoking (current or not), diabetes duration, alcohol
consumption (mean days per week), body mass index, low-
density lipoprotein, high-density lipoprotein, and glomerular
filtration rate. Restricted cubic splines with four knots in the 5th,
35th, 65th, and 95th percentiles were used to explore the
nonlinear association between the ASV of HbA1c/FPG and
our predefined severe hypoglycemia events. We found no
evidence of violation of the proportional hazard assumption
based on tests using Schoenfeld residuals. Discrimination in the
models was assessed using Harrell’s C-statistic. The prognostic
value of ASV of HbA1c/FPG for our predefined outcomes was
compared. Sensitivity analysis was performed to verify the
robustness of our results. First, to avoid bias in the Cox
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proportional hazards models, we used competing risk models
(modeling sub-distributional hazard ratios) for our predefined
outcomes in the sensitivity analysis. Then, we applied competing
event of all-cause mortality as a permanent condition to prevent
the occurrence of our predefined outcomes. Next, we conducted
interaction and stratified analyses considering age (<75 and >75
years), sex, race, duration of diabetes (=10 or <10 years), and
glucose control strategy (intensive or standard). All statistical
analyses were two-sided, and a P-value of <0.05 was considered
statistically significant. All analyses were performed using
STATA17.0 software purchased from StataCorp LLC (College
Station, TX, USA).

Result
Patient characteristics

The baseline characteristics of the included participants are
presented in Table 1 based on HbA1¢c/FPG variability (below the
median versus greater than or equal to the median). The median
number of HbAlc measurements was 14 (interquartile range
[IQR]: 11-17) and FPG measurement was 11 (IQR: 8-16)
(Supplementary Figures S1, S2). The median HbAlc and FPG
variability were 0.55 £+ 0.29 and 30.9 + 17.5, respectively
(Supplementary Figures S3, S4). The mean HbAlc and FPG
during the follow-up period were 7.4% + 0.86% and 144.6 + 33.9
mg/dL, respectively. Patients with standard glucose control had
a higher HbA1c/FPG variability. Additionally, the high
variability group had higher rates of occurrence of HAA/
HMA events in the Q1 to Q4 quartiles of mean HbA1c/FPG
levels (Figure 1).

HbA1c/FPG variability and hypoglycemia

For the analysis of HbAlc variability, the patients were
grouped into four quartiles based on HbA1lc/FPG variability.
Considering the lowest HbAlc variability quartile (Q1) as a
reference, Q2 had an increase in the risk of HAA events by 19%,
Q3 by 37%, and Q4 by 42%. Furthermore, Q2 had an increase in
the risk of HMA events of 21%, Q3 by 33%, and Q4 by 57% in
the fully adjusted model 2 (Table 2). Similarly, for FPG
variability, Q2 had an increase in the risk of HAA events of
17%, Q3 by 48%, and Q4 by 120%, whereas Q2 had an increase
in the risk of HMA events of 18%, Q3 by 65%, and Q4 by 141%
in the fully adjusted model 2 (Table 2).

When HbAIc¢/FPG variability was used as a continuous
variable in model 2, each increase in HbAlc variability of 1
SD increased the risk of HAA [hazard ratio (HR): 1.10; 95%
confidence interval (CI), 1.03-1.16; P < 0.01) and HMA events
(HR: 1.11; 95% CI: 1.03-1.20; P < 0.01; model 2). Meanwhile,
each increase in FPG variability of 1 SD increased the risk of
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TABLE 1 Baseline characteristics of included participants.

Low HbAlc High HbAlc
variability variability
N 5026 5026
Age, mean * SD; yr 63.6 £ 6.7 62.0 £ 6.5

Female 1923 (38.3%) 1933 (38.5%)
Race

No-White 1767 (35.2%) 2004 (39.9%)
White 3259 (64.8%) 3022 (60.1%)

Glycemic control

Standard 2849 (56.7%) 2176 (43.3%)
Intensive 2177 (43.3%) 2850 (56.7%)
History of CVD 1705 (33.9%) 1811 (36.0%)
Education

Less than high school
High school graduate

635 (12.6%)
1316 (26.2%)
1646 (32.8%)
1425 (28.4%)
953 (19.0%)
226 (4.5%)

829 (16.5%)
1346 (26.8%)
1652 (32.9%)
1197 (23.8%)

(
Some college (
(

1041 (20.7%)
(
(

College graduate or more
Proteinuria

History of heart failure 248 (4.9%)

Depression 1089 (21.7%) 1281 (25.5%)
Duration of diabetes, mean + SD; yr 112+ 7.7 104 + 7.4
Current smoker 617 (12.3%) 775 (15.4%)
Alcohol/week, mean + SD; times 1.1+£29 09 +25
BMI, mean + SD; kg/m* 31.7 £53 32.7 £54
Cholesterol, mean + SD; mg/dL 180.4 + 39.7 186.3 £ 43.6
Triglyceride, mean + SD; mg/dL 174.9 £ 115.6 205.9 + 174.7
LDL, mean *+ SD; mg/dL 103.6 + 32.7 106.2 + 34.9
HDL, mean + SD; mg/dL 427 119 410 +11.3
SBP, mean + SD; mmHg 135.8 + 16.6 136.8 £+ 17.5
DBP, mean + SD; mmHg 73.9 +10.4 75.8 +10.8
HR, HR, mean + SD; bpm 71.7 £ 11.6 73.6 +11.8
GFR, mean * SD; ml/min/1.73 m2) 89.8 +26.3 923 +27.9

10.3389/fendo.2022.975468

P-value Low FPG High FPG P-value
variability variability
5034 5034
<0.001 63.1+6.6 625+ 6.7 <0.001
0.837 1897 (37.7%) 1966 (39.1%) 0.157
<0.001 <0.001
1723 (34.2%) 2057 (40.9%)
3311 (65.8%) 2977 (59.1%)
<0.001 <0.001
3018 (60.0%) 2017 (40.1%)
2016 (40.0%) 3017 (59.9%)

0.027 1648 (32.7%) 1879 (37.3%) <0.001
<0.001 <0.001
645 (12.8%) 824 (16.4%)

1341 (26.7%) 1322 (26.3%)

1657 (32.9%) 1648 (32.8%)

1388 (27.6%) 1237 (24.6%)

0.028 898 (17.8%) 1101 (21.9%) <0.001
0.302 189 (3.8%) 287 (5.7%) <0.001
<0.001 1095 (21.8%) 1281 (25.5%) <0.001
<0.001 97 +72 119 +78 <0.001
<0.001 626 (12.4%) 770 (15.3%) <0.001
<0.001 11429 09 +25 <0.001
<0.001 322453 323 +55 0.184
<0.001 1815 + 40.3 185.2 + 43.2 <0.001
<0.001 186.0 + 124.8 194.7 + 169.5 0.004
<0.001 103.8 + 33.0 106.1 + 34.7 <0.001
<0.001 417 £ 112 42.1 + 120 0.118
0.004 135.7 + 16.7 137.0 + 17.4 <0.001
<0.001 749 + 10.4 74.8 +10.9 0.548
<0.001 720 + 11.6 733 + 119 <0.001
<0.001 91.6 + 284 90.5 + 25.8 0.054

HbAIg, glycated hemoglobin Alc; FPG, Fasting plasma glucose; SD, standard deviation; CVD, cardiovascular disease; LDL, Low density lipoprotein; HDL, high density lipoprotein; SBP,
systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; GFR, glomerular filtration rate.

HAA (HR: 1.40; 95% CI: 1.31-1.49; P < 0.01; model 2) and HMA
events (HR: 1.46; 95% CI: 1.35-1.57; P < 0.01).

In Figure 2, we used restricted cubic splines to flexibly model
and visualize the relationship between FPG/HbAlc variability
and our predefined endpoints. This illustrated that the risk of
HAA/HMA events increased sharply with the increase in FPG
variability without any plateau period (Figures 2A, B). However,
the risk of HAA/HMA did not increase and reached a plateau
period, when HbAlc variability exceeded 0.7 (Figures 2C, D).

Sensitivity and subgroup analysis

We used the competing risk model instead of the Cox
proportional risk model in sensitivity analysis, which yielded
consistent results (Supplementary Table 1). Furthermore,
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subgroup analysis results are summarized in Figure 3. The
results showed that no factor played an interactive role in the
association between HbAlc variability and HAA/HMA events,
except glucose control therapy, suggesting a stronger effect of
HbAlc variability on the risk of HAA/HMA events in patients
with intensive glucose control. Similar effects were noted in the
association between FPG variability and HAA/HMA events.

Comparative analysis of
predictive efficacy between HbAlc
and FPG variabilities

In the comparative analysis, Harrell’'s C method was applied
to evaluate the predictive efficacy of HbAlc and FPG variabilities
in HAA/HMA events. Table 3 shows that FPG variability was

frontiersin.org


https://doi.org/10.3389/fendo.2022.975468
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Long et al.

10.3389/fendo.2022.975468

A
9 P<0.01 P<0.01 P<0.01 P<0.01
T
j=2}
£ =
@
<]
g
- 2
c
1]
>
o
EE
£
H
o o
c
2
©
o 4
FPG Variability Low High Low High Low High Low Hig
FPG mean Q1 Q2 Q3 Q4
Cc
s P<0.01 P<0.01 P<0.01 P<0.01
S
j=
©
=
53
o
o 24
a
€
o
>
o
g
T
£
E
2
c
2
®
a
HbA1c Variability Low High Low High Low High Low Hi
HbA1c mean Q1 Q2 Q3 Q4

FIGURE 1

igh

igh

B
£ | P<001 P<0.01 P<0.01 P<0.01
T 8
o}
=
3 g
[}
a
<
o =3
g e
°
<
=
T e
£
H
@
‘E 0
g
i
o
°
Low High Low High Low High Low High
Q1 Q2 Q3 Q4
D
3 P<0.01 P<0.01 P<0.01 P<0.01
g e
&
€
@
S
o}
a
£ o
S 2
H
O}
<
=
T
£ o
3
7
<
g
‘ﬁ
o
ol
Low High Low High Low High Low High
Q1 Q2 Q3 Q4

Quiartiles of HbA1c/FPG variability and rate HAA/HMA Events a Function of Baseline HbAlc/FPG. (A, B) FPG (Fasting Plasma Glucose) and FPG
variability, Q1 is defined as a FPG mean located in first quartile, Q2 located a FPG mean in second quartile, Q3 a FPG mean located in third
quartile and Q4 a FPG mean located in a fourth quartile; (C, D) HbAlc (hemoglobin Alc) and HbAlc variability. Q1 is defined as a HbAlc mean
located in first quartile, Q2 a HbAlc mean located in second quartile, Q3 a HbAlc mean located in third quartile and Q4 a HbAlc mean located

in fourth quartile.

more powerful in predicting HAA/HMA events than HbAlc
variability in both adjusted models 1 and 2.

Discussion

In this post-hoc analysis of participants with established
T2DM with a high risk of CVD in the ACCORD trial, the two
long-term metrics of glycemic variability (HbAlc and FPG) were
strongly associated with an increased risk of severe
hypoglycemia events, and the associations were independent of
mean HbA1c/FPG. Moreover, by comparing the efficacy of these
two metrics, we concluded that FPG variability was better than
HbA Ic variability in predicting both HMA and HAA events. In
sensitivity analyses, we found that the glucose control strategy
moderated the association between HbA1c/FPG variability and
our predefined outcomes, suggesting that patients who received
an intensive glucose strategy were more likely to develop
hypoglycemia even if they had the same HbA1c/FPG variability.

Both HbAlc variability and FPG variability can be
categorized into long-term metrics of glycemic variability
because they were obtained through visit-to-visit
determinations over a certain period of time (8). Despite there
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being no comprehensive consensus on clinical significance of
glycemic variability, studies showed that FPG variability is
associated with increased risk of adverse events and specific
diseases, including cardiovascular events, peripheral neuropathy,
retinopathy, and arterial stiffness (9-13). Clinical practice and
research have focused on HbAlc in T2DM patients, rather than
the potential role of HbAlc variability (14-16). Our results
suggest that higher HbAlc variability increases the incidence
of severe hypoglycemia, indicating that it is important to
carefully observe in T2DM patients with higher HbAlc
variability and take precautions, even when acceptable levels of
HbA1lc and FPG are achieved. In the SWITCH Trials, DeVries
JH et al. concluded that higher day-to-day fasting blood glucose
variability is associated with an increased risk of overall
symptomatic severe hypoglycemia in insulin-treated patients
(5). Our analysis of data from the ACCORD trial also
demonstrated that higher long-term visit-to-visit glycemic
variability (FPG/HbA ¢ variability) increased the risk of severe
hypoglycemia. Additionally, studies have shown that the choice
of glucose control therapy is a potentially modifiable risk factor
for hypoglycemia (17-19). Furthermore, previous studies have
demonstrated that fasting blood glucose variability is influenced
by glucose-lowering medications (5, 20). Our study supported
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TABLE 2 Association between HbAlc/FPG variability and
predefined outcomes.

Incidence rate
per 1000
person years

HR (95%CI)

Model 1 Model 2
HbAIc variability
HAA
Q1 21.4 Ref Ref
Q2 26.4 1.22(1.03-1.45) 1.19(1.00-1.42)
Q3 29.7 1.45(1.17-1.64) 1.37(1.16-1.63)
Q4 329 1.36(1.13-1.63) 1.42(1.18-1.71)
P for trend <0.01* <0.01*
Per SD increase 1.06(1.00-1.13) 1.09(1.03-1.16)
HMA
Q1 13.2 Ref Ref
Q2 16.4 1.23(0.99-1.52) 1.21(0.97-1.50)
Q3 19.2 1.43(1.16-1.76) 1.33(1.14-1.74)
Q4 23.1 1.49(1.19-1.86) 1.57(1.25-1.97)
P for trend <0.01% <0.01*
Per SD increase 1.07(1.00-1.15) 1.10(1.02-1.19)
FPG variability
HAA
Q1 17.1 Ref Ref
Q2 22.1 1.24(1.02-1.50) 1.17(0.97-1.42)
Q3 292 1.64(1.36-1.97) 1.48(1.23-1.78)
Q4 42.4 2.51(2.08-3.04) 2.20(1.81-2.67)
P for trend <0.01* <0.01*
Per SD increase 1.49(1.40-1.58) 1.42(1.33-1.51)
HMA
Q1 10.3 Ref Ref
Q2 13.2 1.22(0.96-1.55) 1.18(0.92-1.50)
Q3 19.6 1.81(1.44-2.27) 1.65(1.31-2.08)
Q4 289 2.73(2.16-3.47) 2.41(1.89-3.07)
P for trend <0.01% <0.01*

Per SD increase 1.55(1.44-1.67) 1.47(1.37-1.59)

*P value<0.05

Model 1: FPG, HbAlc, age, sex, race, glucose control strategy.

Model 2: FPG, HbAlg, age, sex, race, glucose control strategy, history of cardiovascular
disease, education, depression, cigarette, duration of diabetes, alcohol, body mass index,
low-density lipoprotein, high-density lipoprotein, glomerular filtration rate.

HbAlc, glycated hemoglobin Alc; FPG, Fasting plasma glucose; HR, hazard risk; CI,
confidence interval; SD, standard deviation; HAA, hypoglycemia requiring any third-
party assistance; HMA, hypoglycemia requiring medical assistance.

this perspective and found that glucose control therapy played
an interactive role in the association between HbA1c/FPG
variability and HAA/HMA events in the subgroup analysis
(21, 22). Patients receiving standard glucose therapy had
higher glycemic variability than those receiving intensive
glucose therapy.

Different types of antidiabetic treatments affect glycemic
variability and hypoglycemia to various extents in the T2DM
population. The ultimate goal for them is to obtain a long-term
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stable plasma glucose level that has been repeatedly highlighted
in various clinical guidelines.

The strengths of this study are that it exploited the data from
a large cohort of patients with established T2DM and
determined severe hypoglycemic episodes in different glucose-
lowering strategies. While a previous study focused on the
relationship between a specific single metric of glycemic
variability and single severe hypoglycemia event, our study
applied multiple metrics (HbA1c/FPG variability) and two
types of severe hypoglycemia events (HMA/HAA). To the best
of our knowledge, our study is the first to compare the predictive
efficacy of HbAlc and FPG using HMA and HAA events.

Severe hypoglycemia is a common complication of T2DM,
which is harmful to patient health, with an annual incidence of
0.75-33.8 per 1,000 patients (23-25). Meanwhile, severe
hypoglycemia is an distressing experience for these patients
with glycemic control therapy that increases the risk of
developing physical injuries and emotional burden, affecting
quality of life because episodes of severe hypoglycemia could
result in cognitive disorientation and loss of consciousness,
leading to subsequent accidents and injury, especially in the
elderly population (26, 27). The American Diabetes Association
working group emphasized that people with diabetes would
develop potential harm from all episodes of hypoglycemic
events (28). Deleterious effects of hypoglycemia on the
cardiovascular system were reported, and multiple
mechanisms, including disrupting normal function of blood
coagulation and endothelial cells, activating inflammation
pathways, and inducing sympathoadrenal response (3).
Researchers strive to identify risk factors to predict the
occurrence of severe hypoglycemia. Risk factors associated
with severe hypoglycemia include age, insulin and sulfonylurea
use, and cognitive impairment (29, 30). Increased glycemic
variability is a risk factor for severe hypoglycemia. Patients
with greater glycemic variability tend to be older, with a long
history of diabetes, and less medical compliance, which in turn,
leads to a higher incidence of hypoglycemia. (4,5) While there
are different metrics representing glycemic variability in various
aspects, the association between glycemic variability and severe
hypoglycemia remains unclear because of the specific metrics
applied in studies and heterogeneity of study design. Moreover,
preventing hypoglycemia is prioritized by healthcare providers
because it reduces the incidence of cardiac diseases, including
cardiac arrhythmia and CVD (31, 32). Future research could
shift from emphasizing single metrics to combined glycemic-
related metrics to improve the efficacy of predicting
hypoglycemic events and reduce their occurrence. The
treatment could be various “cocktails” for T2DM patients
rather than rigid one, or two cuts-off of metrics based on
glycemic-related metrics since changing the glucose therapy
would not always adjust all metrics of T2DM patients to an
ideal level in a clinical setting.
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FIGURE 2
Association of predicted HAA/HMA event and HbAlc/FPG variability (A) Association of FPG variability and HAA event; (B) Association of FPG
variability and HMA event; (C) Association of HbAlc variability and HAA events; (D) Association of HbAlc variability and HMA event. Hazard ratios
are indicated by solid lines and 95% Cls by areas between two dotted lines. (Reference point is the lowest value for each curve) The Reference
knots were placed at the 5th, 35th, 65th, 95th, centiles of HbAlc/FPG variability distribution. HbAL1c/FPG variability were adjusted using model 2.
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FIGURE 3
Hazard ratios per one standard deviation increase in the HbAlc/FPG variability for the predefined endpoints. Each stratification was adjusted for
all factors in model 2 (fasting plasma glucose, plasma glucose control strategy, age, race, female, history of cardiovascular disease, education,
depression, cigarette, duration of diabetes, alcohol, body mass index, low-density lipoprotein, high-density lipoprotein, glomerular filtration rate,
HbAlc), except for the stratification factor itself. HAA, hypoglycemia requiring any third-party assistance; HMA, hypoglycemia requiring medical
assistance; HbAlc, Hemoglobin Alc; FPG, Fasting plasma glucose.
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TABLE 3 Difference of Harrell's C index between HbA1lc variability and FPG variability in predicting HAA/HMA.

Model 1

HAA

HbA Ic variability 0.6816(0.6606-0.7025)
FPG variability 0.6977(0.6773-0.0.7180)
Difference 0.0161(0.0085-0.02369)
HMA

HbA Ic variability 0.7102(0.7026-0.7495)
FPG variability 0.7271(0.6847-0.7337)
Difference 0.0169

*P value<0.05.
Model 1: fasting plasma glucose, HbAlc, age, sex, race plasma glucose control strategy.

P value Model 2 P value
<0.01% 0.7078(0.6881-0.7274) <0.01*
<0.01% 0.7166(0.6972-0.7360) <0.01%
<0.01% 0.0882(0.0037-0.01396) <0.01*
<0.01% 0.7243(0.7001-0.7574) <0.01*
<0.01% 0.7343(0.7112-0.7575) <0.01%
<0.01% 0.0101 <0.01*

Model 2: fasting plasma glucose, plasma glucose control strategy, age, race, female, history of cardiovascular disease, education, depression, cigarette, duration of diabetes, alcohol, body mass
index, low-density lipoprotein, high-density lipoprotein, glomerular filtration rate, HbAlc.
HbA I, glycated hemoglobin Alc; FPG, Fasting plasma glucose; HR, hazard risk; CI, confidence interval; SD, standard deviation; HAA, hypoglycemia requiring any third-party assistance;

HMA, hypoglycemia requiring medical assistance.

Our study has some limitations. First, the included patients with
CVD or a high risk of CVD had a long duration of T2DM, which
put them at a higher risk of hypoglycemia and other adverse events.
This may have affected the generalizability of this study, especially in
young patients with T2DM with lower CVD risk. Second, the
patient characteristics were only measured during inception,
without re-evaluation on the follow-up period. Third, all included
patients were from the US and Canada and these results may not be
applicable to other ethnicities. Another limit to the study is the lack
of data on dietary habit and lifestyle modifications, as not all food
has the same glycemic index and may be a limitation for FPG/
HbA1c evaluation (33).

Conclusions

T2DM patients with increasing HbAlc and FPG variabilities
are at a greater risk of severe hypoglycemia. Additionally, FPG
variability is a more sensitive indicator than HbAlc variability.
Therefore, clinicians should consider the variability of both
HbAlc and FPG as indicators for predicting severe
hypoglycemia events and consider them as potential targets for
treating patients with T2DM.
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