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Abstract—Although the use of 3-blockers may help in achieving maximum effects of intensive glycemic control because
of a decrease in the adverse effects after severe hypoglycemia, they pose a potential risk for the occurrence of severe
hypoglycemia. This study aimed to evaluate whether the use of B-blockers is effective in patients with diabetes mellitus
and whether its use is associated with the occurrence of severe hypoglycemia. Using the ACCORD trial (Action to
Control Cardiovascular Risk in Diabetes) data, we performed Cox proportional hazards analyses with a propensity score
adjustment. The primary outcome was the first occurrence of a cardiovascular event during the study period, which
included nonfatal myocardial infarction, unstable angina, nonfatal stroke, and cardiovascular death. The mean follow-
up periods (+SD) were 4.6+1.6 years in patients on 3-blockers (n=2527) and 4.7+1.6 years in those not on 3-blockers
(n=2527). The cardiovascular event rate was significantly higher in patients on [3-blockers than in those not on 3-blockers
(hazard ratio, 1.46; 95% confidence interval, 1.24—1.72; P<0.001). In patients with coronary heart disease or heart
failure, the cumulative event rate for cardiovascular events was also significantly higher in those on 3-blockers than
in those not on [-blockers (hazard ratio, 1.27; 95% confidence interval, 1.02-1.60; P=0.03). The incidence of severe
hypoglycemia was significantly higher in patients on f3-blockers than in those not on (3-blockers (hazard ratio, 1.30;
95% confidence interval, 1.03—1.64; P=0.02). In conclusion, the use of [3-blockers in patients with diabetes mellitus
was associated with an increased risk for cardiovascular events. (Hypertension. 2017;70:103-110. DOI: 10.1161/
HYPERTENSIONAHA.117.09259.) ® Online Data Supplement
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iabetes mellitus management mainly aims at preventing dia-
betes mellitus—related complications. Although appropriate
glycemic control prevents complications,! the ACCORD trial
(Action to Control Cardiovascular Risk in Diabetes) revealed
that intensive therapy can increase all-cause and cardiovascu-
lar mortalities.” A possible explanation for the results is that a
glucose-lowering therapy increases the frequency of hypogly-
cemic episodes, which in turn is associated with increased risks
for vascular events and death.>* Patients with diabetes mellitus
with severe hypoglycemia face many critical problems, such as
severe hypertension, hypokalemia, and QT prolongation, result-
ing in cardiovascular diseases, fatal arrhythmia, and death.>¢
Recent studies have suggested that [3-blockers may pre-
vent or decrease the adverse effects after the occurrence of

severe hypoglycemia, such as severe hypertension and hypo-
kalemia, and may reduce severe hypoglycemia-associated car-
diac arrhythmias and death.” Our recent study revealed that
the cardiovascular event rate in patients with diabetes mellitus
on P-blockers was significantly lower in the intensive therapy
group compared with the standard therapy group.’ Conversely,
all-cause and cardiovascular mortalities in patients not on
[-blockers were significantly higher in the intensive therapy
group. The difference of these results between patients on and
those not on 3-blockers may be mainly because of the protective
effects of B-blockers after the occurrence of severe hypoglyce-
mia. However, this does not necessarily mean that the use of
[B-blockers is effective in patients with diabetes mellitus because
the use of B-blockers poses a potential risk for the occurrence
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of severe hypoglycemia.'® Therefore, we evaluated whether the
use of B-blockers was effective in patients with diabetes mellitus
and whether its use was associated with the occurrence of severe
hypoglycemia in recent diabetes mellitus management.

Materials and Methods

Study Design
We used ACCORD trial data to evaluate the associations between the
use of B-blockers and cardiovascular events, all-cause and cardiovas-
cular mortalities, and severe hypoglycemia in patients with diabetes
mellitus. The detailed design and description of the glycemia inter-
ventions of the ACCORD trial have been previously reported.>!'-!3
Briefly, the ACCORD trial was sponsored by the National Heart,
Lung, and Blood Institute and was conducted in 77 clinical centers
across the United States and Canada. In total, 10251 men and women
who were aged between 40 and 79 years with type 2 diabetes mel-
litus, had a glycated hemoglobin level >7.5%, and who either were
between the ages of 40 and 79 years and had a cardiovascular disease
or were between the ages of 55 and 79 years and had albuminuria, had
anatomical evidence of significant atherosclerosis, had left ventricular
hypertrophy, or had at least 2 additional risk factors for cardiovascu-
lar disease (current smoker, obesity, hypertension, or dyslipidemia)
were included in the trial.>!" Detailed eligibility criteria are presented
in Table S1 in the online-only Data Supplement.> All 10251 patients
were randomly allocated into 1 of the 2 groups: one received a com-
prehensive intensive therapy that targeted a glycated hemoglobin level
<6.0% and the other received a standard therapy that targeted a level
of 7.0%—7.9%. The medications used to achieve these targets were
the same in the 2 groups and included metformin, short- and long-
acting insulins, sulfonylureas, acarbose, meglitinides, and thiazolidin-
ediones. Patients were followed up at least every 4 months to ensure
that therapeutic goals were met and maintained and to monitor study
outcomes and adverse effects. The study protocol was approved by the
ethics committee of each study center and approved and monitored by
an independent data safety and monitoring board. All participants pro-
vided written informed consent. Because of the increase in all-cause
and cardiovascular mortalities, intensive therapy was discontinued on
February 6, 2008.2 Participants were switched to the standard regimen
and followed up until December 31, 2010. In this study, the occurrence
of outcomes was maximally followed-up for 7 years. The study was
approved by the institutional review board of the National Center for
Global Health and Medicine, and National Heart, Lung, and Blood
Institute approved our use of the ACCORD trial data.

Outcome Measurements

In this study, the primary outcome was the first occurrence of a car-
diovascular event during the study period, which included myocar-
dial infarction, unstable angina, stroke, and cardiovascular death. The
secondary outcomes were all-cause death, cardiovascular death, and
severe hypoglycemia. Cardiovascular death was defined as presumed
cardiovascular death, unexpected death, and death from a myocardial
infarction, arrhythmia, congestive heart failure, stroke, and other car-
diovascular diseases, including abdominal aortic aneurysm rupture
and pulmonary emboli.!! Severe hypoglycemia was defined as hypo-
glycemia events that required assistance from medical personnel and
were confirmed by blood glucose levels <50 mg/dL. The occurrence
of severe hypoglycemia was maximally followed up for 5 years.

Statistical Analysis

Study patients were first divided into 2 groups: patients on 3-blockers
(n=3023) and those not on B-blockers (n=6988; Table S2). To match
all baseline characteristics that could be related to the indication of
[-blockers, we used the propensity score and performed 1:1 nearest-
neighbor matching without replacement.'* The propensity score is
used to attempt to adjust for confounding, potential selection bias
and differences between treatment groups.'>'® The propensity score
estimated the probability from O to 1 that patients would have been
assigned to the use of (3-blockers given a set of known variables and

was derived using a logistic regression model that included use of
[-blockers as the outcome variable and the following variables as pre-
dictors: age; sex; duration of diabetes mellitus; history of coronary
heart disease, heart failure, and stroke; race and ethnicity; education
attainment; smoking status; body mass index; use of certain medi-
cations (insulin, sulfonylurea, metformin, angiotensin II receptor
blockers/angiotensin-converting enzyme inhibitors, calcium chan-
nel blockers, thiazide, statin, and aspirin); systolic blood pressure;
glycated hemoglobin; low- and high-density lipoprotein cholesterol;
log-transformed triglyceride; estimated glomerular filtration rate; and
the assigned strategy of the ACCORD trial. All variables used for the
propensity score are presented in Table 1. Standardized differences in
the range of 1.96x(2/N)%> were considered inconsequential.!”

Demographic data were presented as numbers with proportions (%)
or means with standard deviations. Continuous variables were com-
pared using the Student’s # tests, and categorical variables were com-
pared using ¥ tests or Fisher exact tests, as appropriate. The number of
events within 1 year was small, and there were concerns regarding sub-
ject identification. Therefore, follow-up times for all early events were
trimmed to 1 year by National Heart, Lung, and Blood Institute before
our data handling. For cardiovascular events and all-cause and car-
diovascular deaths within 1 year, we compared the incidence of these
events in patients on 3-blockers with that in patients not on 3-blockers.

We analyzed the hazard ratios (HRs) for primary and second-
ary outcomes with 95% confidence intervals (Cls) in patients on
B-blockers compared with those not on [3-blockers by the Cox pro-
portional hazard models. Analyses of events before the treatment
transition were also performed. The Kaplan—-Meier survival curves
were constructed for the cardiovascular events, all-cause and cardio-
vascular deaths, and severe hypoglycemia.

In addition, to minimize confounding by indication, a further ad-
justment was made to add self-reported health state to the variables
for the propensity score matching. The self-reported health state was
indicated on the scale (best state is marked by 100 and the worst
state by 0). Furthermore, we similarly performed additional analy-
ses in subgroups with intensive therapy, those with standard therapy,
and those with or without heart disease based on propensity score
matching within each subgroup. Heart disease included coronary
heart disease and heart failure. Coronary heart disease was defined as
myocardial infarction and angina pectoris. Propensity score matching
minimizes confounding but may impair generalizability. Therefore,
we performed a sensitivity analysis in the overall ACCORD data with
adjustment for the propensity scores as a covariate.'® With the excep-
tion for this sensitivity analysis, we assessed the outcomes in pro-
pensity score-matched patients. Furthermore, we performed another
sensitivity analysis using one-to-one individual matching on the basis
of age, sex, history of coronary heart disease and heart failure, and
randomization arm (intensive or standard glycemic therapy).

All statistical analyses were conducted using the Stata version 14.1
software (StataCorp, College Station, TX). P value <0.05 was consid-
ered statistically significant for all tests.

Results

Study Participants

The characteristics of propensity score-matched patients on
(n=2527) and those not on (n=2527) B-blockers are shown in
Table 1. All standardized differences show sufficient overlap
in estimated propensity scores. Similarly, the characteristics
between patients on and those not on [-blockers are well
matched within each of the subgroups, such as standard ther-
apy group, intensive therapy group, and those with and with-
out heart diseases, including coronary heart disease and heart
failure (Table S3-S6).

Cardiovascular Events and Mortalities

The incidence of cardiovascular events within 1 year was non-
significantly higher in patients on -blockers than in those
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Table 1. Baseline Characteristics of Propensity Score- Table 1. Continued
Matched Patients on and Not on B-Blockers* -
{-Blockers | [(-Blockers | Standardized
[3-Blockers = {-Blockers | Standardized Characteristics (-) (+) Difference, % = PValue

Characteristics (=) (+) Difference, % | PValue i )

Triglyceride,
Number 9597 9507 mo/dL 197.7(124.8) | 193.5(121.7) 0.4 0.22
Age, y 62.9 (6.9) 62.9 (7.0) 0.7 0.80 Estimated GFR,

i 1.7 .6 (22.7 3(22.7 1. .

Female sex, % 36.8 36.6 0.2 0.93 %m'" per1.73 | 886(227) | 883(227) S 059
Duration of -

R I
diabetes melitus,y 11079 | 111079 23 0.42 andomization arm

. Intensive
:.'St"“’ °f,/hea” 37.2 36.8 0.9 0.77 glycemic 489 49.1 0.4 0.88
isease, %t therapy, %
History of coronary
heart disease, % 34.6 33.0 37 0.23 B[ood pressure 440 437 0.6 0.8
trial, %l

History of heart .

) 6.4 6.3 0.2 0.95 Intensive

failure, % control, % 22.6 22.3 0.6 0.82
I 0,
History of stroke, % | 7.7 73 16 059 Lipid trial, %9 | 56.0 56.3 06 0.82
Race and ethnicity, %
’ Use of
White 63.4 63.2 0.5 0.86 fibrate, % 21.9 28 1.6 057
Black 19.4 19.2 05 0.85 HbA1c: 8.3%=67 mmol/mol. ACE-I indicates angiotensin-converting enzyme
. inhibitors; ARB, angiotensin Il receptor blockers; CCB, calcium channel blockers;
Hispanic 6.7 7.2 2.1 0.43 GFR, glomerular filtration rate; and HbA1c, glycated hemoglobin.
Others 105 10.4 0.4 0.89 *Data are presented as number of participants, percent, or mean (standard
; ; deviation).
Educational attainment, % tHeart disease included coronary heart disease and heart failure.
Less than high $The estimated GFR was calculated using the following MDRD (Modification
school 153 154 0.2 0.93 of Diet in Renal Disease) Study equation: estimated GFR (mL/min per 1.73
- m?) = 175x(serum creatinine in mg/dL)~"'>*x(age in years) ~*%x(0.742 for

High school 271 26.8 0.7 0.80 female)x(1.212 for Black).

Some college 33.3 33.0 0.7 0.81 §Body mass index was calculated as weight in kilogram divided by the

square of height in meters.

Collgge degree 24.3 24.8 13 0.64 IThe ACCORD Blood Pressure trial (Action to Control Cardiovascular

or higher Risk in Diabetes) tested the effect of a target systolic blood pressure <120
Current 1 1 11 mmHg compared with a target systolic blood pressure <140 mmHg on major
smoking, % 3 0.9 ' 0.68 cardiovascular events among high-risk patients with type 2 diabetes mellitus.
B ) {IThe ACCORD Lipid Therapy trial was designed to test the effect of a

o;iyzmass index, | 4, 5 5.4) | 326(5.3) 12 0.66 therapeutic strategy that uses a fibrate to increase high-density lipoprotein
kg/m’} cholesterol and lower triglyceride levels and uses a statin for treatment of
Medications, % low-density lipoprotein cholesterol compared with the effect of only a statin for
) treatment of low-density lipoprotein cholesterol on cardiovascular outcomes in

Insulin 36.8 37.5 14 0.62 patients with type 2 diabetes mellitus.

Sulfonylurea 55.2 54.7 1.1 0.69

Metformin 65.3 64.7 11 0.70 not on B-blockers (4.1% versus 3.2%; P=0.07; Figure S1).

In the intensive therapy group, the incidence of cardiovascu-

ARB/ACE- 725 730 10 0.70 lar events was significantly higher in patients on 3-blockers

ccB 127 13.0 0.8 0.76 (4.8% versus 2.8%; P=0.01). All-cause and cardiovascular

Thiazide 319 317 0.5 0.85 mortalities were higher in patients on 3-blockers than in those

Statin 727 732 13 0.63 not on [3-blockers (1.1% VC.I"SUS 0.§% [P=0.09] and 0.7% ver-

- sus 0.5% [P=0.45], respectively; Figure S1).

Aspirin 615 61.9 0.7 0.79 The Kaplan—Meier survival curves and cumulative event
Systolic blood 1366 (16.2) | 136.4(17.8) 16 073 rates for.the following carfilovascular eve%nts and all-cause
pressure, mm Hg and cardiovascular deaths in the propensity score-matched
HbA1c, % 8.3(1.0) 8.3(1.0) 0.4 0.89 patients on and those not on 3-blockers are shown in Figure 1
Cholesterol, mo/dL. and Table 2, respect.lvely. The differences in sample size across

: outcomes were attributed to the occurrence of events and cen-

:Tow-de;n§|ty 100.4 (32.0)| 99.9 (32.4) 1.2 0.66 sored cases within 1 year. The mean follow-up periods (+SD)

'poproteln were 4.4x1.5 years in patients on [3-blockers and 4.6x1.5 years

High-density 40008 | 4041(10.7) 0.8 0.75 in those not on B-blockers (95% CI, 0.12-0.28; P<0.001). The

lipoprotein rates for cardiovascular events were significantly higher in the

(Continued) patients on 3-blockers than in those not on f3-blockers (HR,
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A Cardiovascular events B Cardiovascular events
1.00 1.00
3 E
E g )
2 @ Intensive
] 3 I PEIvsB(H)
E = P=0.75
= é - B )& S‘landard Standard
g 2 —pH & bl:mdf%rd B ) vs. B(H)
Jis} — E(*) m — B (-) & Intensive P <0.001
k™ P <0.001 B (+) & Intensive :
0.70 . 0.70
No.atrisk | 3 5 7 Years N, atrisk ! 3 5 7 Years
B 2,399 2212 1,091 216 B () & Standard 1,206 1,121 575 105
B(+) 2377 2,139 967 131 B (+) & Standard 1,194 1,060 442 52
— Intensive N 1,
& i 1,163 058 508 103
B (+) & Intensive 1,146 1,047 503 80
C All-cause death D All-cause death
1.00 1.00
z 5 Standard
3 P P)vs. B(+)
L= =
g ho — B () & Standard P=007
2 § — P (+) & Standard Intensive
o —_— E é;; fie] —_— E(—) & Intensive B () vs. B(H)
— P=023 (+) & Intensive P=021
0.85 0.85
No.atrisk | 3 5 7 Years No ot risk 1 3 3 7 Years
By 2499 2,425 1,238 249 B(-) & Standard 1,241 1,202 630 122
B(+) 2,496 2,395 1,151 169 B (+) & Standard 1,241 1,187 542 75
B (—) & Intensive 1,208 1,153 585 119
B (+) & Intensive 1,207 1,157 572 97
E Cardiovascular death F Cardiovascular death
1.00 1.00
g L
2 £
E E ﬁ(ln;ensi;e(ﬂ
5 o= —)vs.
% E ]] P=0.58
7
E 2 Standard
& 2 v
2 E — B (-) & Standard D(P)::]' Iﬂl(ﬂ
2 8 — B (+) & Standard .
A —B) = = [ (—) & Intensive
— B+ P=0.02 B (+) & Intensive
0.85 . 0.85
No. at risk I 3 3 7 Years No. at risk 1 3 5 7 Years
B 2472 2,383 1,216 247 B () & Standard 1,264 1,225 635 127
B(+) 2,467 2,359 1.136 169 B (+) & Standard 1,256 1,206 557 74
B (-) & Intensive 1,193 1,131 571 117
B (+) & Intensive 1,194 1,143 564 97

Figure 1. Kaplan—-Meier survival curves for cardiovascular events and all-cause and cardiovascular deaths in patients on and not on
[B-blockers. Rates of freedom from cardiovascular events (A and B), all-cause death (C and D), and cardiovascular death (E and F). 3
indicates f-blockers; Intensive, intensive therapy; and Standard, standard therapy.

1.46; 95% CI, 1.24-1.72; P<0.001; Figure 1A). In addition,
the cardiovascular event rate in the standard therapy group was
the highest and significantly higher in patients on -blockers
than in those not on -blockers (HR, 1.69; 95% CI, 1.36-2.13;
P<0.001; Figure 1B). The cumulative event rate for all-cause
death was nonsignificantly higher and that for cardiovascu-
lar death was significantly higher in patients on [-blockers.
Similar results were found before treatment transition (Figure
S2). Further analyses with adjustment for health state did not
change the overall results in propensity score-matched patients
(Table S7). Although HR slightly decreased, the cardiovascular
event rate was still significantly higher in patients on [3-blockers
than in those not on 3-blockers (HR, 1.42; 95% CI, 1.20-1.67;
P<0.001). Additionally, we assumed that all events trimmed
to 1 year occurred at 6 months and performed additional sen-
sitivity analyses using the continuous follow-up data (Figure

S3). The analysis for cardiovascular events showed similar
results (HR, 1.42; 95% CI, 1.23-1.64; P<0.001). Furthermore,
the analysis using overall ACCORD data with adjustment
for the propensity scores as a covariate found a significantly
higher risk of cardiovascular events in patients on [3-blockers
than in those not on 3-blockers (HR, 1.37; 95% CI, 1.19-1.58;
P<0.001). Another sensitivity analysis using one-to-one indi-
vidual matching showed similar results (Tables S8 and S9).
Additional analyses were performed limited to diabetes
mellitus patients with heart diseases (Figure 2 and Table 2).
In patients with heart disease, the cumulative event rate for
cardiovascular events was significantly higher in those on
[-blockers than in those not on 3-blockers (HR, 1.27; 95% CI,
1.02-1.60; P=0.03). After additional adjustment with respect
to health state (Table S10), these cardiovascular event rates
were still nonsignificantly higher in patients with heart disease
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Table 2. HRs for Cardiovascular Events and All-Cause and Cardiovascular Death in Propensity
Score-Matched Patients on $-Blockers Compared With Those Not on B-Blockers*

Event Rate per Year (Events no./Total no.) HR (95% Cl) for f (+)

Outcome [-Blockers (-) [3-Blockers (+) (vs B [-]) PValue
All patients

Cardiovascular events 2.7% (250/2399t) 4.0% (349/2377) 1.46 (1.24-1.72) <0.001

All-cause death 1.5% (152/2499) 1.7% (164/2496) 1.14 (0.92-1.42) 0.23

Cardiovascular death 0.6% (63/2472) 0.9% (86/2467) 1.44 (1.04-2.00) 0.02
Standard therapy group

Cardiovascular events 2.7% (125/1206) 4.5% (192/1194) 1.69 (1.35-2.13) <0.001

All-cause death 1.4% (70/1255) 1.8% (86/1258) 1.34 (0.97-1.83) 0.07

Cardiovascular death 0.6% (31/1241) 0.9% (41/1241) 1.45(0.90-2.31) 0.11
Intensive therapy group

Cardiovascular events 2.9% (137/1163) 3.5% (143/1146) 1.04 (0.82-1.31) 0.75

All-cause death 2.0% (97/1208) 1.7% (78/1207) 0.83 (0.61-1.11) 0.21

Cardiovascular death 1.0% (46/1193) 0.9% (40/1194) .89 (0.58-1.35) 0.58
Patients with CHD/HF

Cardiovascular events 4.4% (139/852) 5.5% (174/851) 1.27 (1.02-1.60) 0.03

All-cause death 2.4% (88/898) 2.3% (82/905) 0.96 (0.71-1.30) 0.80

Cardiovascular death 1.3% (47/890) 1.3% (45/895) 0.99 (0.67-1.49) 0.96
Patients without CHD/HF

Cardiovascular events 2.1% (121/1516) 3.0% (168/1492) 1.45 (1.15-1.84) 0.002

All-cause death 1.4% (88/1569) 1.4% (82/1561) 0.97 (0.72-1.31) 0.85

Cardiovascular death 0.5% (35/1546) 0.6% (35/1543) 1.05 (0.66-1.68) 0.84

{ indicates [3-blockers; CHD, coronary heart disease; Cl, confidence interval; HF, heart failure; and HR, hazard ratio.

*Data are presented as number or HR (95% Cl).

TBecause of some events and censored cases within 1y, sample sizes were different between patients on and those

not on B-blockers.

on f-blockers than in those not on B-blockers (HR, 1.18; 95%
CI, 0.94-1.47; P=0.15). In patients without heart diseases, the
cardiovascular event rate was significantly higher in those on
[-blockers than in those not on 3-blockers (Figure S4; Table 2).
All-cause and cardiovascular death rates were not significantly
different between patients on and those not on f3-blockers,
regardless of the presence or absence of a heart disease.

Severe Hypoglycemia

The Kaplan—Meier survival curves and HRs for severe hypo-
glycemia are shown in Figure 3 and Table 3, respectively. The
incidence of severe hypoglycemia was significantly higher in
patients on [-blockers than in those not on 3-blockers (event
rate per year, 1.5% versus 1.1%; HR, 1.36; 95% CI, 1.07-1.74;
P=0.01). In addition, the incidence of severe hypoglycemia
was significantly higher in patients on [3-blockers limitedly to
those in the intensive therapy group (event rate per year, 2.3%
versus 1.7%; HR, 1.36; 95% CI, 1.03-1.81; P=0.03). Similar
results were found before treatment transition (Figure S5).

Discussion
In the present study using the ACCORD trial data, various
analyses in propensity score-matched patients revealed that the

use of B-blockers was associated with an increased risk for car-
diovascular events. Furthermore, a similar relationship between
the use of B-blockers and cardiovascular events was found in
patients not only without heart disease but also with heart dis-
ease. The incidence of severe hypoglycemia was significantly
higher in those on B-blockers than in those not on 3-blockers.
Although an increased risk for hypoglycemia in patients
with diabetes mellitus on [3-blockers was hard to demon-
strate,'* it has been well known that the use of -blockers
can be a risk factor for severe hypoglycemia and hypoglycemia
unawareness presumably because of the diminished or absent
early warning signs.'” Previous studies have suggested that
the sympathoadrenal activation response to severe hypoglyce-
mia is associated with cardiovascular events.**? Our recent
study demonstrated that cardiovascular event rates in patients
on [3-blockers were significantly lower in the intensive therapy
group compared with those in the standard therapy group.” In
contrast, in patients not on f3-blockers, all-cause and cardio-
vascular mortalities were significantly higher in the intensive
therapy group. The difference in the results between patients
on and those not on B-blockers might suggest the protective
effects of P-blockers after the occurrence of severe hypogly-
cemia. However, this does not imply that the use of 3-blockers
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Figure 2. Kaplan—-Meier survival curves for cardiovascular events
and all-cause and cardiovascular deaths in patients on and not
on B-blockers who had history of coronary heart disease or
heart failure. Rates of freedom from cardiovascular events (A),
all-cause death (B), and cardiovascular death (C). f§ indicates f3-
blockers.

is effective in diabetes mellitus patients. Thus, this study dem-
onstrated that the use of 3-blockers was associated with an
increased risk for cardiovascular events, partly because of an
increased occurrence of severe hypoglycemia. This risk may
outweigh the benefit of decreasing adverse effects after the
occurrence of severe hypoglycemia. However, several subgroup
analyses could reveal the presence of other risks of -blocker

use. In particular, in the standard therapy group, the incidence
of severe hypoglycemia was not significantly different between
patients on and those not on [3-blockers, whereas the incidence
of cardiovascular events was significantly higher in patients on
[-blockers than in those not on (3-blockers. Therefore, the asso-
ciation between B-blocker use and the increased risk for car-
diovascular events might not be explained only by an increase
of severe hypoglycemia. Although the exact reason remains
unclear, possible explanations include increased risks for non-
severe hypoglycemia, prolonged hypoglycemia, and weight
gain because of 3-blocker use, which can lead to increased risks
of cardiovascular events.'** Further studies are needed to reveal
the detailed mechanisms explaining the association between
[-blocker use and the increased risk for cardiovascular events.

The present study revealed that the use of [3-blockers in
diabetes mellitus patients not only without heart disease but
also with heart disease was associated with an increased risk
for cardiovascular events. Many studies have demonstrated
that B-blockers improve symptoms, reduce the risk of hospi-
talization, and prolong survival in patients with heart failure
with reduced ejection fraction.””?® In addition, (3-blockers are
recommended in many guidelines as the first-line therapy in
patients with stable ischemic heart diseases.”! However,
p-blockers have never been demonstrated to decrease mor-
tality in patients without myocardial infarction or in those
without heart failure associated with a reduction in the left
ventricular systolic function. A recent study on diabetes melli-
tus patients with coronary heart disease suggested that the use
of 3-blockers was not effective in reducing all-cause mortality
and cardiovascular events in those without myocardial infarc-
tion or heart failure with reduced ejection fraction.* Several
disadvantages of [3-blockers may be equal to the benefits in
diabetes mellitus patients with coronary heart disease.

This study has several limitations. First, although this study
was large-scale, evidence-based, and with a robust subgroup rep-
resentation, this was a post hoc analysis of the ACCORD trial.
Patients in this study had glycated hemoglobin levels >=7.5%
and any cardiovascular risks. Therefore, our findings may not be
applicable to other diabetes mellitus patients. Second, because the
number of events prior to 1 year was low enough that there were
concerns regarding subject identification, we could only analyze
data where early events had been trimmed to 1 year. However, our
analyses revealed that the use of [3-blockers was associated with an
increased risk of cardiovascular events; using continuous follow-
up data, we assumed that all events trimmed to 1 year occurred at
6 months. Third, using an alpha error of 5%, the powers for the

A B

Severe hypoglycemia
1.00 4

Severe hypoglycemia
1.00 { -

Event-free survival rate

Event-free survival rate

Standard
2 BB . ) .
P =068 Figure 3. Kaplan-Meier survival curves

Intensive for severe hypoglycemia in patients on
]m—; vs. B (+) and not on f-blockers. f3 indicates (3-

Foon blockers; Intensive, intensive therapy;
and Standard, standard therapy.

P (+) & Intensive 1,221 1,056

— B () & Standard
_ — B (+) & Standard
By — B(-) & Intensive
ogs] B P=0.01 0.85 | B () & Intensive
No.atrisk ¢ 2 4 Years No. at risk 0 2 4 Years
By 2527 2296 179 B(-) & Standard 1,273 1,175 944
By 2527 2370 1743 B (+) & Standard 1,273 1,189 922
B () & Intensive 1,221 1,068 793
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Table 3. HR for Severe Hypoglycemia in Type 2 Diabetes Mellitus Patients on $-Blockers

Compared With Those Not on $-Blockers*

Event Rate per Year (Events no./Total no.) HR (95% Cl) for f (+)

Event {3-blockers (-) {-blockers (+) (vs B [-]) PValue

Severe hypoglycemia
Al 1.1% (113/2527) 1.5% (152/2527) 1.36 (1.07-1.74) 0.01
Standard therapy 0.7% (37/1273) 0.7% (40/1273) 1.10 (0.70-1.71) 0.68
Intensive therapy 1.7% (83/1221) 2.3% (112/1221) 1.36 (1.03-1.81) 0.03

{ indicates (3-blockers; Cl, confidence interval; and HR, hazard ratio.

*Data are presented as number or HR (95% Cl).

analyses were calculated to be 70.5% for cardiovascular events, Acknow]edgments

8.1% for all-cause death, and 23.0% for cardiovascular death.
The present study might not have sufficient subjects to avoid beta
errors. Therefore, to verify our findings, more large-scale studies
are needed. Fourth, this study used the propensity score to mini-
mize the effects of the many confounders, which could be related
to the indication of 3-blockers. Additional adjustment with patient
health status further minimized the confounding by indication.
However, residual confounding such as follow-up periods and
unknown variables could influence the results. The propensity
score-matched analysis might not have fully alleviated these dif-
ferences in the risk for cardiovascular events. Therefore, newly
randomized controlled trials are required to evaluate whether the
use of B-blockers in patients with diabetes mellitus shows benefi-
cial or adverse effects.

Conclusions

Using the ACCORD trial data, this study demonstrated that
the use of B-blockers was associated with an increased risk for
cardiovascular events and severe hypoglycemia in the mod-
ern era. Furthermore, a similar relationship between the use
of B-blockers and cardiovascular events was found in patients
with heart disease. The indication of B-blockers may need to
be reconsidered when this connection is elucidated through
future higher-level evidence.

Perspectives

Recent studies have suggested that 3-blockers may prevent or
decrease the adverse effects after the occurrence of severe hypo-
glycemia, such as severe hypertension and hypokalemia, and may
reduce severe hypoglycemia-associated cardiac arrhythmias and
death. However, this does not necessarily mean that the use of
[-blockers is effective in patients with diabetes mellitus because
the use of -blockers poses a potential risk for the occurrence of
severe hypoglycemia. In the present study using the ACCORD
trial data, various analyses in propensity score-matched patients
revealed that the use of [(3-blockers was associated with an
increased risk for cardiovascular events. Furthermore, a similar
relationship between the use of [3-blockers and cardiovascular
events was found in patients not only without heart disease but
also with heart disease. The incidence of severe hypoglycemia,
which was confirmed by blood glucose levels <50 mg/dL, was
significantly higher in those on B-blockers than in those not on
[B-blockers. Newly randomized controlled trials are required to
evaluate whether the use of B-blockers in patients with diabetes
mellitus shows beneficial or adverse effects.
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Novelty and Significance

What Is New?

The use of B-blockers in diabetes mellitus patients was associated with
an increased risk for cardiovascular events.

A similar relationship between the use of 3-blockers and cardiovascular
events was found in diabetes mellitus patients with coronary heart dis-
ease or heart failure.

* The use of B-blockers in diabetes mellitus patients with hypertension

What Is Relevant?

may be associated with an increased risk for cardiovascular events.

Summary

The incidence of severe hypoglycemia, which required assistance from
medical personnel and was confirmed by blood glucose levels <50 mg/
dL, was significantly higher in diabetes mellitus patients on p-blockers
than in those not on (3-blockers.

This study demonstrated that the use of 3-blockers was associ-
ated with an increased risk for cardiovascular events and severe
hypoglycemia. Furthermore, a similar relationship between the use
of 3-blockers and cardiovascular events was found in patients with
coronary heart disease or heart failure. The indication of 3-blockers
may need to be reconsidered when this connection is elucidated
through future higher-level evidence.






