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OBJECTIVE

To determine whether a link exists between serious hypoglycemia and progression of atherosclerosis in a substudy of the Veterans Affairs Diabetes Trial
(VADT) and to examine whether glycemic control during the VADT modiﬁed
the association between serious hypoglycemia and coronary artery calcium
(CAC) progression.
RESEARCH DESIGN AND METHODS

Serious hypoglycemia was deﬁned as severe episodes with loss of consciousness
or requiring assistance or documented glucose <50 mg/dL. Progression of CAC was
determined in 197 participants with baseline and follow-up computed tomography scans.
RESULTS
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CONCLUSIONS
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Despite a higher frequency of serious hypoglycemia in the intensive therapy
group, serious hypoglycemia was associated with progression of CAC in only the
standard therapy group.

Clinical trial reg. no. NCT00032487, clinicaltrials
.gov.

Increasing evidence from longitudinal population-based cohort studies suggests
that hypoglycemia is associated with an increased risk of adverse cardiovascular
events in patients with type 1 and type 2 diabetes (1–3). Similarly, in randomized
controlled trials of intensive versus standard glycemic control for macro- and
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CARDIOVASCULAR AND METABOLIC RISK

During an average follow-up of 4.5 years between scans, 97 participants reported
severe hypoglycemia (n = 23) or glucose <50 mg/dL (n = 74). Serious hypoglycemia
occurred more frequently in the intensive therapy group than in the standard
treatment group (74% vs. 21%, P < 0.01). Serious hypoglycemia was not associated
with progression of CAC in the entire cohort, but the interaction between serious
hypoglycemia and treatment was signiﬁcant (P < 0.01). Participants with serious
hypoglycemia in the standard therapy group, but not in the intensive therapy group,
had ∼50% greater progression of CAC than those without serious hypoglycemia
(median 11.15 vs. 5.4 mm3, P = 0.02). Adjustment for all baseline differences, including CAC, or time varying risk factors during the trial, did not change the results.
Examining the effect of serious hypoglycemia by on-trial HbA1c levels (cutoff 7.5%)
yielded similar results. In addition, a dose-response relationship was found between
serious hypoglycemia and CAC progression in the standard therapy group only.
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microvascular complications of diabetes, severe hypoglycemia is associated
with a signiﬁcant risk of cardiovascular
events (4–6). Although the risk of hypoglycemia is two- to threefold higher in
intensive than in standard glycemic
control (4–7), the risk of cardiovascular
events appears lower with intensive glycemic control (8–10), raising the possibility that cardiovascular consequences
of hypoglycemia with intensive therapy
may not be as harmful as they are with
standard therapy. Consistent with this
notion, annual mortality rates appear
higher among patients reporting severe
hypoglycemia while receiving standard
therapy than among those receiving intensive therapy (4,5).
In both observational studies and randomized controlled trials, cardiovascular events occurred months to years
after the documented hypoglycemic
event (1–6). The acute effects of severe
hypoglycemia (deﬁned as hypoglycemic
events requiring assistance), including
stimulation of counterregulatory responses and sympathoadrenal activation,
abnormal cardiac repolarization, and increased cardiac workload (11,12), are
well recognized. However, the long-term
effects of hypoglycemia on cardiovascular events are not well understood. In addition to these classic counterregulatory
and sympathoadrenal responses, hypoglycemic events have been shown to
trigger inﬂammation (13), induce abnormalities in platelet function and activation of the ﬁbrinolytic system, and result
in endothelial dysfunction (12,14), all
plausible pathophysiologic mechanisms
that may lead to the progression of atherosclerosis. Atherosclerosis is extensive
and accelerated in patients with longstanding type 2 diabetes and is a major
cause of higher incidence of cardiovascular events in this group (15). However,
the association between hypoglycemia
and progression of atherosclerosis in
type 2 diabetes is not known. In addition,
whether the level of glycemic control has
an impact on the association between
hypoglycemia and progression of atherosclerosis is not clear.
In this substudy of the Veterans Affairs Diabetes Trial (VADT), we determined the association between
hypoglycemia and progression of atherosclerosis as assessed by computed
tomographic measurement of coronary
artery calciﬁcation (CAC) over nearly
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5 years of follow-up. In addition, we determined whether intensive glycemic
control during the VADT modiﬁed the
association between hypoglycemia and
CAC progression.
RESEARCH DESIGN AND METHODS

We analyzed data from the Risk Factors,
Atherosclerosis, and Clinical Events in
Diabetes (RACED) study (15), a substudy
of the VADT (6). The VADT and RACED
designs, exclusion/inclusion criteria,
and study measures, including laboratory methods and activities, have been
described in detail previously (6,16,17).
In brief, the primary objective of the
VADT during the median follow-up of
5.6 years was to assess the effect of intensive glycemic treatment on cardiovascular events in patients with poorly
controlled type 2 diabetes. A median
absolute HbA1c separation of 1.5 percentage points (;16 mmol/mol) between the intensive and standard
treatment arms was achieved by ;6
months, and was maintained throughout the study (6). As part of RACED,
197 participants completed electron
beam or multidetector computed tomographic cardiac scanning of CAC at the
baseline examination and after 4.6 6
0.6 years of follow-up (17). Readers
blinded to the treatment assignment
scored the baseline and follow-up scans
in the central reading center while following standardized protocols, as previously described (15,17,18). Protocol and
consent forms were approved by the institutional review board at each participating site. All participants provided
written informed consent. An independent data and safety monitoring committee whose members were aware of
study group assignments monitored
safety and efﬁcacy.
Deﬁnition of CAC Progression

Volumetric scores were used to calculate
the progression of CAC as the difference
between the square root transformation
of follow-up and baseline scores, as previously described (17).
Deﬁnition of Serious Hypoglycemia
and Glycemic Variability Indices

Adverse events, including hypoglycemia, were monitored and recorded at
each visit. During VADT visits, participants were asked whether they had
signs and symptoms of hypoglycemia
or blood glucose levels ,70 mg/dL

(;3.9 mmol/L) since the last visit. If
the answer was yes, they were asked
about severe hypoglycemia (episodes
with loss of consciousness or episodes
requiring medical or other assistance)
and episodes with documented blood
glucose levels ,50 mg/dL (G,50). A
plasma glucose level of ;50 mg/dL
(;2.8 mmol/L) is sufﬁciently low to
induce the full cascade of counterregulatory hormones and cause overt
functional brain dysfunction that can
progress from measurable cognitive impairment to aberrant behavior, seizure,
and coma (19–22). With severe hypoglycemia, plasma glucose levels may or
may not be available. However, neurologic recovery attributable to the restoration of plasma glucose levels to
normal is considered sufﬁcient evidence that the event was induced
by a low plasma glucose concentration,
which is usually ,50 mg/dL (;2.8
mmol/L) (23) and accompanied by counterregulatory hormone responses. Thus,
for the purpose of this analysis, we included both severe hypoglycemic episodes and G,50 in our deﬁnition of
serious hypoglycemia.
In addition to the many standard risk
factors collected during the VADT, we
also calculated visit-to-visit glycemic
variability of centrally measured HbA1c
and locally measured fasting plasma glucose. The SD and coefﬁcient of variation
of each were calculated. Measurements
were available every 3 months (16) from
9–21 visits during the follow-up period
(average number of visits 15). Glycemic
variability measurements during the
ﬁrst 6 months of the trial were excluded
to eliminate the effect of the planned
rapid reduction in HbA1c.
Statistical Analyses

Participants were initially categorized
into two groups based on whether one
or more serious hypoglycemic episodes
occurred in the time between VADT entry and the follow-up computed tomography scan. Between-group differences
in normally distributed continuous variables were assessed with mean 6 SD
and t tests. Median (25th–75th percentile) and Mann-Whitney U tests were
used for variables with skewed distributions, and proportions and x2 tests were
used for dichotomized variables.
To determine the effect of serious hypoglycemia on progression of CAC, we
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used a robust regression model that limits the inﬂuence of outliers and provides
stable results in the presence of outliers
in both response and covariate variables. To assess the possibility of effect
modiﬁcation by treatment, pairwise interaction terms between treatment and
occurrence of hypoglycemia were evaluated. The interaction between treatment and occurrence of hypoglycemia
was signiﬁcant; thus, we performed
stratiﬁed analyses by treatment arm.
To identify the best parsimonious
predictors of CAC progression within
each treatment group, we performed a
linear regression model with stepwise
variable selection (forward in, backward
out). All relevant variables from Table 1
were included in the models. Selection
criteria required a P , 0.1 for a variable
to enter and be retained in models. Serious hypoglycemia as the primary variable of interest was forced into the

models. The stepwise analysis indicated
that the best predictors of CAC progression differed in each treatment arm. In
addition to serious hypoglycemia, prior
hypoglycemia in the standard treatment
group and baseline CAC and albumin-tocreatinine ratio in the intensive treatment group were retained in the models.
We then ran a series of multivariate
linear regression models in each treatment arm, with all the variables selected from the parsimonious models
for both treatment arms, and adjusted
for additional potential confounding effects of other covariates. We assessed
the goodness-of-ﬁt of the models with
the multivariate coefﬁcient of determination (R2) and residuals. Model ﬁt did
not improve with the inclusion of more
than seven variables; thus, to avoid
overﬁtting of the regression models,
we limited the maximum number of
variables in a model to seven.

Table 1—Baseline characteristics of participants by serious hypoglycemia
Serious hypoglycemia
No (n = 100)

Yes (n = 97)

P value

21

74

,0.01

60 6 9

62 6 9

0.1

Non-Hispanic white (%)

62

73

0.09

Men (%)
History of hypertension (%)

93
76

93
86

0.95
0.07

Prior CVD (%)

35

39

0.54

Prior hypoglycemia (%)

8

25

0.001

Intensive treatment (%)
Age (years)

11 6 8

14 6 8

0.01

BMI (kg/m2)

31.8 6 4.1

30.8 6 4.4

0.08

HbA1c (%)
HbA1c (mmol/mol)

9.4 6 1.4
79 6 16

9.0 6 1.3
75 6 15

0.05

C-peptide (ng/mL)
Systolic blood pressure (mmHg)

0.9 6 0.6
135 6 18

0.6 6 0.4
129 6 15

,0.01
0.01

Diabetes duration (years)

Diastolic blood pressure (mmHg)

77 6 10

74 6 10

0.04

Total cholesterol (mg/dL)

181 6 43

179 6 37

0.963

LDL cholesterol (mg/dL)

105 6 35

103 6 29

0.76

HDL cholesterol (mg/dL)

34 6 9

40 6 12

,0.01
,0.01

Triglycerides (mg/dL)

183 (135–286)

150 (113–194)

Creatinine (mg/dL)

0.9 (0.8–1.1)

1 (0.8–1.2)

0.05

Albumin-to-creatinine ratio (mg/g)
Baseline CAC score

18 (7–65)
156 (9–895)

14 (4–42)
299 (47–1,120)

0.11
0.05

46
87
29
9
64
56

69
93
30
12
46
67

,0.01
0.17
0.90
0.44
0.01
0.11

Medication use (%)
Insulin
Antihypertensive
b-blocker
Thiazolidinedione
Sulfonylurea
Statin

Data are mean 6 SD, median (25th–75th percentile), or percentages. Prior hypoglycemia
denotes signs and symptoms of hypoglycemia or blood glucose levels ,70 mg/dL (;3.9 mmol/L)
during the last 1.5 months before randomization.

We also performed several sensitivity
analyses to examine the robustness of
these results and to account for key potential confounders. First, we categorized participants on the basis of the
number of reported serious hypoglycemic episodes during follow-up. Because
the median number of reported episodes
in those with serious hypoglycemia was
ﬁve, we categorized participants into
three groups: 1) those with no hypoglycemic episodes, 2) those with less than
ﬁve episodes, and 3) those with ﬁve or
more episodes. Next, we performed
stratiﬁed analyses by the mean HbA1c
value of 7.5% (;58 mmol/mol) during
the study as a level of reasonably good
glycemic control and to match HbA1c values used in a prior study of hypoglycemia and CAC (24). We also analyzed the
data by severe hypoglycemia and G,50
separately. Finally, we determined CAC
progression in a subset of participants
matched on baseline CAC (610%) to further account for differences in baseline
CAC. Statistical analyses were performed
with SAS release 9.4 software (SAS Institute, Cary, NC).
RESULTS
Participant Characteristics at Baseline

During an average follow-up of 4.6 6 0.6
years between the two CAC scans, 97 of
the 197 participants reported one or
more serious hypoglycemic episodes
(74 with G,50 only, 23 with severe episodes). The majority of the 97 participants (74%) were in the intensive
treatment arm. As shown in Table 1, participants with serious hypoglycemia
had a higher prevalence of prior hypoglycemia (P , 0.01), a longer duration of
diabetes (P = 0.01), and slightly higher
creatinine values (P = 0.05). HbA 1c ,
C-peptide, and triglyceride levels were
all lower in those with serious hypoglycemia (P # 0.05), whereas HDL levels
and baseline CAC scores were higher
(P # 0.05). Baseline insulin use was
more common in participants with serious
hypoglycemia, whereas sulfonylurea use
was less frequent (P # 0.01).
Association Between Serious
Hypoglycemia and Progression
of CAC

Serious hypoglycemia was not associated with CAC progression in the entire cohort. However, the interaction
between serious hypoglycemia and
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treatment assignment was highly significant (P , 0.01) and persisted after adjustment for all signiﬁcant differences
between participants with and without
serious hypoglycemia. Therefore, we
performed stratiﬁed analysis by treatment arm. As shown in Fig. 1, no significant differences in CAC progression
between participants with and without
serious hypoglycemia in the entire cohort or in those within the intensive
treatment arm were found. However,
among participants in the standard
treatment arm, those with serious hypoglycemia had signiﬁcantly greater
CAC progression than those with no serious hypoglycemia (P = 0.02).
After adjustment for the variables selected by the stepwise variable selection
model (prior hypoglycemia, baseline
CAC, and albumin-to-creatinine ratio)
in addition to other predictors of CAC
progression reported previously (17)
(age, duration of diabetes, and race/
ethnicity), serious hypoglycemia remained signiﬁcantly associated with
CAC progression in the standard treatment group but not in the intensive
treatment group (Table 2, model 1). Additional adjustments for signiﬁcant differences shown in Table 1, visit-to-visit
glycemic variability indices (Table 2),
or various combinations of these
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covariates (not shown) did not change
the results appreciably.
Sensitivity Analyses

These results were supported by several
sensitivity analyses. First, consistent
with the association of serious hypoglycemia with CAC progression in the
standard treatment arm, serious hypoglycemia was associated with greater
CAC progression in participants with a
mean HbA1c .7.5% (P = 0.04) but not
in those with a mean HbA1c #7.5% (Fig.
2A). Of note, CAC progression was associated with increasing mean HbA 1c
(Supplementary Fig. 1A–B) in participants with serious hypoglycemia (b 6
SE 2.69 6 0.69, P , 0.01) but not in
those without serious hypoglycemia
(20.41 6 0.62, P = 0.51). Second, CAC
progression increased with the number
of serious hypoglycemic episodes in the
standard treatment group (P for overall
difference between groups = 0.04) (Fig.
2B) but not in the intensive treatment
group. To gain more insight into the potential importance of episodes of G,50
versus severe hypoglycemia, we examined in a separate exploratory analysis
the progression of CAC in participants
with each of these distinct episodes.
Those in the standard group with hypoglycemic episodes deﬁned by having just

G,50 had modestly greater progression
of CAC than those without hypoglycemia, suggesting that severe hyperglycemia accounts for much of the effect of
serious hypoglycemia. However, because
the majority (91%) of participants with
severe hypoglycemia also reported
G,50, examining CAC progression exclusively in those with severe hypoglycemia
was not feasible. Finally, to further assess
whether differences in baseline CAC
might account for the increased CAC progression in participants with serious hypoglycemia in the standard treatment
group, we examined a small subset with
serious hypoglycemia from the standard
group that could be matched based on
baseline CAC (within 10%) with participants from the intensive treatment group
who also had serious hypoglycemia. Consistent with the aforementioned data,
CAC progression trended higher (P =
0.08) in the standard treatment group
(median 12.6 mm3) compared with participants in the intensive treatment group
(median 7.5 mm3) with similar baseline
CAC (Supplementary Fig. 2). Of note, except for the different mean HbA1c between the standard and intensive groups,
other cofactors did not differ with hypoglycemia in this subset (data not shown).
CONCLUSIONS

Figure 1—Progression of CAC by occurrence of serious hypoglycemia. Median extent of progression of CAC for each group is shown. Error bars represent the 25th–75th percentile. Total
number of participants with no serious hypoglycemia was 100, and total number of participants
with serious hypoglycemia was 97. The standard treatment group comprised 79 participants
with no serious hypoglycemia and 25 with serious hypoglycemia. The intensive treatment group
comprised 21 participants with no serious hypoglycemia and 72 participants with serious hypoglycemia. The nonparametric test (Mann-Whitney U test) for the comparison between hypoglycemia categories was not signiﬁcant for all participants or those in the intensive treatment
group.

The study results indicate that serious
hypoglycemia in patients undergoing
standard therapy but not intensive
therapy is associated with increased
CAC progression (;50%) over a nearly
5-year period. Although we previously
reported that intensive glycemic control during the VADT did not reduce progression of CAC (17), we did not account
for the effect that serious hypoglycemia
may play in the cohort. As currently
demonstrated, the interaction between
treatment assignment and serious hypoglycemia was signiﬁcant and consistent, persisting even after adjustments
for all the signiﬁcant differences between participants with and without serious hypoglycemia. Thus, the effect of
hypoglycemia on CAC progression appears modiﬁed by the level of glycemic
control, with high glucose levels providing a more permissive environment.
Although patients with serious hypoglycemia seem to have a moreadvanced stage of type 2 diabetes
(based on lower C-peptide levels and
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Table 2—Association between serious hypoglycemia and progression of CAC
Standard treatment (n = 104) Intensive treatment (n = 93)
b 6 SE

P value

b 6 SE

P value

Model 1*

4.25 6 1.63

,0.01

21.62 6 1.36

0.23

1 + HbA1c (%, mmol/L)

4.13 6 1.63

0.01

21.62 6 1.38

0.24

1 + triglyceride-to-HDL ratio

3.71 6 1.68

0.02

21.61 6 1.37

0.24

1 + C-peptide (ng/mL)
1 + SBP (mmHg)

4.58 6 1.90
4.72 6 1.64

0.01
,0.01

21.26 6 1.49
21.83 6 1.42

0.39
0.19

Serious hypoglycemia (yes/no)

1 + DBP (mmHg)

4.43 6 1.64

,0.01

21.57 6 1.38

0.25

1 + creatinine (mg/dL)

4.28 6 1.65

,0.01

21.52 6 1.38

0.27

1 + insulin use (yes/no)

3.81 6 1.67

0.02

21.72 6 1.36

0.20

1 + sulfonylurea use (yes/no)

3.58 6 1.66

0.03

21.74 6 1.36

0.19

1 + CV HbA1c

4.47 6 1.65

,0.01

21.21 6 1.47

0.41

1 + SD HbA1c (%)

4.46 6 1.65

,0.01

21.41 6 1.47

0.33

1 + CV fasting glucose
1 + SD fasting glucose (mg/dL)

4.00 6 1.79
3.94 6 1.78

0.02
0.02

21.69 6 1.38
21.61 6 1.37

0.22
0.23

CV, coefﬁcient of variation; DBP, diastolic blood pressure; SBP, systolic blood pressure.
*Adjusted for signiﬁcant predictors of CAC progression in this cohort as previously reported (17)
in addition to variables that were selected by parsimonious models from stepwise variable
selection model (i.e., age, duration of diabetes, non-Hispanic white ethnicity vs. others, prior
hypoglycemia, baseline CAC, and albumin-to-creatinine ratio).

higher insulin use at baseline, an indication of greater endogenous insulin deﬁciency), several key ﬁndings indicate
that these novel results are not
simply a result of patients with serious
hypoglycemia being predisposed toward progression of CAC by virtue of
their worse cardiovascular risk factor
proﬁle or poorer health. First, as shown
in Table 1, cardiovascular risk factors
were not consistently worse in participants with hypoglycemia (e.g., they had
lower HbA1c, higher HDL, lower triglycerides, and lower blood pressure). There
was also no difference in prevalence of
prior cardiovascular disease (CVD) between treatment groups. Second, after
adjustment for all the signiﬁcant differences between participants with and
without serious hypoglycemia (including C-peptide level, insulin use, and creatinine level), serious hypoglycemia
remained strongly associated with CAC
progression in the standard treatment
group only. Third, participants with serious hypoglycemia in the intensive
group did not show the same level of
CAC progression despite also having
more-advanced type 2 diabetes and an
even higher frequency of hypoglycemic
events. The validity of these ﬁndings
was also supported by several sensitivity
analyses (see RESULTS).
The major ﬁndings of the present
study are in line with both the ACCORD
(Action to Control Cardiovascular Risk in

Diabetes) and the ADVANCE (Action in
Diabetes and Vascular Disease: Preterax
and Diamicron MR Controlled Evaluation) trials, which reported higher annual mortality among patients with
type 2 diabetes who reported severe
hypoglycemia with standard therapy
than among those undergoing intensive
therapy (4,5). Furthermore, the present
results are in keeping with that of the
recent VADT follow-up (10), ACCORD
(8), and ADVANCE (9) studies, which
reported a modest reduction of cardiovascular events with intensive therapy.
Although these studies did not directly
assess the effect of hypoglycemia on
cardiovascular outcomes by treatment,
in all, severe hypoglycemia occurred far
more frequently with intensive therapy.
Of note, the time lag between hypoglycemic events and subsequent cardiovascular and total mortality events in
patients with diabetes often has been reported to be years (1–5,8–10), suggesting
that hypoglycemia may also have longterm effects on cardiovascular events.
The current ﬁnding of a greater progression of CAC (a relatively slow process)
with serious hypoglycemia in the standard therapy group supports this notion.
In contrast to the present study, the
Diabetes Control and Complications
Trial/Epidemiology of Diabetes Intervention and Complications study (DCCT/
EDIC) (24) reported that the association
of severe hypoglycemia with a CAC

$100 Agatston units was most apparent
in patients with type 1 diabetes with
better glycemic control (HbA1c ,7.5%).
Despite this substudy ﬁnding, patients
in the DCCT receiving intensive therapy demonstrated reduced long-term
overall rates of CVD (25). Differences in
patient types and other cohort characteristics could have contributed to the
different pattern of results from those
seen in the present study. In addition,
CAC was measured only once in this
study, years after the intensive glucoselowering phase was completed. Thus, potential differences in baseline levels of
CAC could not be determined, and progression of CAC was not assessed in the
DCCT/EDIC study.
Multiple mechanisms have been proposed to account for the relationship
between hypoglycemia and CVD in patients with diabetes. Falling plasma
glucose concentrations, beginning at
;70 mg/dL (;3.9 mmol/L), is associated with acute activation of counterregulatory defense mechanisms and
surges in the sympathoadrenal system,
which increase cardiac workload, and
provokes abnormal cardiac repolarization, vasospasm, and transient ischemia
(11,12,22). If these defenses fail to abort
the hypoglycemic episode, lower glucose levels trigger a more intense sympathoadrenal response that causes
neurogenic (or autonomic) symptoms
and eventually neuroglycopenic symptoms (22). Although, these changes are
transient and unlikely to exert any longterm consequences on a healthy circulation, they may be particularly injurious
in patients with diabetes whose vasculature is already damaged (26).
Presumably in response to these hormonal and neurologic responses, hypoglycemia can trigger inﬂammation,
abnormalities in platelet function, and
activation of the ﬁbrinolytic system
and induce oxidative stress and endothelial dysfunction (12,27), all of which
may contribute to the progression of
atherosclerosis. Evidence also exists
that abrupt glucose ﬂuctuations can induce oxidative stress and enhance endothelial cell apoptosis more potently
than sustained hyperglycemia in patients with type 2 diabetes (28–30). A
similar situation may have existed in
the present study in participants who
experienced serious hypoglycemic episodes while receiving standard therapy

5

6

Hypoglycemia and Progression of Atherosclerosis

Diabetes Care

Figure 2—A: Progression of CAC by the occurrence of serious hypoglycemia and categories of
mean HbA1c (mHbA1c) during the study. Median extent of progression of CAC for each group is
shown. Error bars represent the 25th–75th percentile. The number of participants with mHbA1c
.7.5% (;58 mmol/mol) with no serious hypoglycemia was 77 and with serious hypoglycemia,
33; participants with mHbA1c #7.5% with no serious hypoglycemia was 23 and with serious
hypoglycemia, 64. The nonparametric test (Mann-Whitney U test) for the comparison between
hypoglycemia categories was not signiﬁcant in participants with mHbA1c #7.5%. B: Progression
of CAC by the number of serious hypoglycemic episodes. Median extent of progression of CAC
for each group is shown. Error bars represent the 25th–75th percentile. Number of participants
in the standard treatment group with no serious hypoglycemia was 79; with one to ﬁve serious
hypoglycemic episodes, 14; and with more than ﬁve serious hypoglycemic episodes, 11. The
number of participants in the intensive treatment group with no serious hypoglycemia was 21;
with one to ﬁve serious hypoglycemic episodes, 30; and with more than ﬁve serious hypoglycemic episodes, 42. The nonparametric test (Kruskal-Wallis ANOVA) for the overall comparison
between categories of frequency of hypoglycemic episodes was not signiﬁcant in the intensive
treatment group. (A high-quality color representation of this ﬁgure is available in the online
issue.)

because they had both low glucose episodes as well as a relatively high average
HbA 1c of 8.4% during the study (6).
Abrupt glucose ﬂuctuation during hypoglycemic episodes in the standard treatment group may have contributed to
coronary artery injury and to progression of CAC.
Another plausible explanation for
greater CAC progression in participants
with serious hypoglycemia in the standard therapy group is that these individuals were less ready for hypoglycemic
events when they occurred. Because all
types of hypoglycemia, even nonserious,
occurred more frequently with intensive

therapy, participants in this group may
have been more prepared to take immediate action to alleviate and shorten
the events. Hence, participants in the
standard therapy group may have been
exposed to relatively more severe and
prolonged hypoglycemia, which may
have contributed to greater vascular injury and CAC progression. Moreover,
vascular tissue in participants in the intensive treatment group may have been
preconditioned to hypoglycemia as a
result of their more frequent hypoglycemic episodes, resulting in upregulation of antioxidant or other cellular
defense systems that could modulate

the consequences of severe hypoglycemia. In line with this hypothesis, in the
ACCORD trial, the number of preceding
hypoglycemic episodes modiﬁed the
risk of death associated with severe hypoglycemia (31).
The present study had a number of
strengths. First, both CAC progression
and hypoglycemic episodes were assessed during the VADT during randomized treatment assignment, and
episodes of serious hypoglycemia were
carefully assessed and recorded at each
participant visit; thus, the risk of recall
bias and lead time bias was minimal. Another strength of this study is the long
interval between scans (nearly 5 years)
and the extensive absolute change in calcium that occurred, providing additional
conﬁdence in the estimates of the rates
of CAC progression. In addition, we were
able to investigate the effect of hypoglycemia in a trial where by design, the
treatment effect was more directly a
function of glucose control than differences in antidiabetic agents used.
An important caveat of this study is
that it is a post hoc analysis of a smaller
subset of the VADT participants. We
have previously shown that this subset
of participants is generally reﬂective of
the larger VADT population (17,32). The
strong and signiﬁcant interaction between treatment group and serious hypoglycemia and the consistent results in
the more-adjusted models and in several sensitivity analyses support the validity of the study ﬁndings. However,
because the sample size of participants
with severe hypoglycemia was small, we
cannot rule out the possibility of chance
or residual confounding in this relationship. Additionally, participants in the
VADT were older, predominantly male
veterans with long-standing type 2 diabetes; thus, extrapolation of the study
ﬁndings to other populations must be
done with caution.
In conclusion, this study shows that
serious hypoglycemia is associated
with increased progression of CAC in
patients undergoing standard therapy for glycemic control and in those
with higher HbA1c (.7.5%) during the
VADT, despite a nearly threefold higher frequency of serious hypoglycemia
with intensive therapy. The results
may provide additional insights into
long-term cardiovascular beneﬁts of intensive glycemic control and support
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the importance of avoiding hypoglycemia, particularly in elderly patients
with long-standing, poorly controlled
type 2 diabetes.
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