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ABSTRACT

Background and Aims: The association of beta-blockers and their selectivity with mortality and

cardiovascular events in patients with and without hypoglycaemia is unknown.

Methods and Results: Insulin-treated patients with diabetes were identified within the UK CPRD
database. All-cause deaths, cardiovascular events, and hypoglycaemic episodes were captured to
assess the interaction between beta-blocker therapy and selectivity with hypoglycaemia. 13682
patients, of which 2036 (14.9%) with at least one hypoglycaemic episode, were included; 3148 deaths
and 1235 cardiovascular events were recorded during a median of 2.3 and 4.7 years in patients with
and without incident hypoglycaemia, respectively. Treatment with any beta-blocker was not
associated with risk of death in both patients with and without hypoglycaemia, without significant
interaction. Compared to no therapy, non-selective beta-blockers were associated with higher risk of
death in patients without hypoglycaemia (hazard ratio (HR) 2.93 [1.26-6.83] in the fully adjusted
model) but not in those with hypoglycaemia; interactions was not significant. For betal-selective beta-
blockers, there was no association with mortality in both patients with and without hypoglycaemia,
without significant interaction. After missing data imputation, results were consistent for non-
selective beta-blockers (HR in patients without hypoglycaemia 1.59 [1.22—2.08]) while indicated a
reduced risk of death for betal-selective beta-blockers in patients with hypoglycaemia (HR 0.76 [0.61—
0.94]). Due to few cardiovascular events, complete-case analysis compared only any vs no beta-

blocker therapy and indicated no associations with therapy or interaction by hypoglycaemia.

Conclusion: In patients with hypoglycaemic episodes, treatment with betal-selective beta-blockers
may potentially reduce the risk of death. These explorative findings and the potential role of

confounding by indication need to be evaluated in other studies.



INTRODUCTION

Hypoglycaemia is the most common complication of glucose-lowering pharmacological treatments in
diabetes mellitus [1]. In the last decade, post-hoc analyses of randomised controlled trials (RCTs) and
meta-analyses of observational studies have suggested an increased risk of all-cause and
cardiovascular mortality in intensively-treated type 2 diabetes patients who experience higher rates
of severe hypoglycaemia, [2]. The epidemiological evidence tallies with increasing experimental
observation of multiple deleterious effects of hypoglycaemia on the cardiovascular system. A state of
controlled hypoglycaemia results in arrhythmogenic changes potentially leading to bradycardia,
tachycardia, ventricular fibrillation, and sudden death (fatal arrhythmias) [3]. Such abnormalities are
mediated by sympathoadrenal (adrenergic) activation [4], as they are markedly prevented by
pharmacological beta-adrenergic blockade [5].

These pathophysiological mechanisms would suggest a possible modification of the relationship
between hypoglycaemia and cardiovascular events by beta-blocker therapy. Moreover, as the cardiac
effects of beta-blockers are mainly mediated by betal receptors, the predominant receptor type in
the heart (Supplemental Material Table S1), betal-selective beta-blockers could have a greater
inhibitory effect on hypoglycaemia-induced arrhythmias compared to non-selective beta-blockers.
Non-selective beta-blockers are also more likely to inhibit liver glycogenolysis and gluconeogenesis
through the beta2-receptor and therefore theoretically increase the risk of glycopenia-related tissue
damage.

In this observational study, we examined whether the associations between hypoglycaemia and risk
of cardiovascular and all-cause mortality was modified by treatment with any beta-blocker and

according to their selectivity.



METHODS

Data

We used data from the Clinical Practice Research Datalink (CPRD) database which includes
anonymized longitudinal records of about 7% of the UK population [6]. Patient-level demographic,
clinical, laboratory, and prescription records are collected following an agreed protocol and are
regularly linked to Hospital Episode Statistics (HES) data, which contains details of all hospital
admissions, outpatient appointments, and emergency attendances at National Health Service
hospitals in England; and to the Office of National Statistics (ONS), which includes information on the
official date and cause of death. This study was conducted following a pre-specified protocol approved
by an Independent Scientific Advisory Committee (16_104). Codes used to identify the population,

main exposures and covariates, and outcomes are reported in Table S2.

Cohort definition

The study design is graphically shown in Figure S1 in the Supplemental Material. We constructed a
retrospective cohort consisting of all insulin-treated patients, 30 years of age or older, with a diagnosis
of type 1 or type 2 diabetes between 1/1/2001 and 31/12/2007; patients were classified into diabetes
types based on a combination of Read codes, therapy, and age at diagnosis [7, 8]. We selected patients
on insulin treatment as they have an increased risk of hypoglycaemia [9]. The index date was the start

of insulin treatment (identified by the second insulin prescription) after 1/1/2001.

Main exposures and covariates

Data on hypoglycaemic episodes were obtained via ICD-10 codes for HES (E16.0, E16.1, and E16.2) and
Read/OXMIS codes for CPRD (Table S2) [7]. All hypoglycaemic episodes recorded in HES were severe
(i.e., requiring hospital admission), whereas those in the CPRD could be severe or non-severe; patients
with hypoglycaemic episode(s) before the initiation of insulin therapy were excluded. Patients were

considered unexposed until the first post-baseline episode of hypoglycaemia, if it occurred, and
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exposed thereafter (Figure S1). Data on HbAlc, blood lipids, smoking status, body mass index, systolic
blood pressure, Charlson comorbidity score, socio-economic status, prevalent cardiovascular disease,
sex, and age were assessed six months around the index date. Use of beta-blockers was ascertained
three months around the index date; in patients experiencing hypoglycaemia, treatment needed to
be present within three months after the episode as therapy could be suspended following
hypoglycaemia. Beta-blockers were determined using prescribing data and included all drugs classified
in the British National Formulary [10]; we considered two exposures: any beta-blocker and beta-

blocker according to their cardio-selectivity (betal-selective and non-selective beta-blockers) [10].

Outcomes

For both exposed and unexposed time, patients were followed until the date of the first event (death
or non-fatal myocardial infarction or stroke) or were otherwise censored (transferring out of practice,
last collection of data from practice, end of study on 31/12/2010). We defined three outcomes: all-
cause death; a composite endpoint of major cardiovascular events (fatal or non-fatal myocardial
infarction or stroke); and single cardiovascular endpoints. Patients were considered as having
prevalent cardiovascular disease if there was a registered cardiovascular event code in HES or CPRD

before index date.

Statistical analysis

Details on power calculation are reported in the supplementary material. We summarised the
characteristics of included patients as mean and standard deviation (SD) or median and interquartile
range for continuous data and as number and percentage for categorical data.

The analytical plan is shown in Table S3. We planned to investigate the association between use of
beta-blocker and outcomes using Cox proportional hazard models progressively adjusted for potential
confounders and including an interaction term (beta-blocker*hypoglycaemia) to explore whether the

effect of beta-blocker was modified by hypoglycaemic events. In the main analysis, we used all non-



missing data (i.e., complete-case), any beta-blockers and beta-blockers according to their selectivity
as exposure, and all-cause death as outcome. The main analysis was repeated after multiple
multivariate imputation of missing values with 10 imputations by applying Rubin’s rule. In secondary
analyses, we planned to investigate the associations of any beta-blockers and beta-blockers according
to their selectivity with cardiovascular outcomes (composite and each cardiovascular endpoints) using
complete-case regressions. At reviewing stage, we also estimated the association between beta-
blockers selectivity and risk of hypoglycaemia.

Analyses were performed with Stata MP (v. 14.1) and results are reported with robust 95% confidence
interval (Cl) to account for the presence of clusters (i.e., same patients before and after

hypoglycaemia); a p-value <0.05 was deemed statistically significant.



RESULTS

Participants and exposures

The study included 13682 patients (6035 [44.1%] women; mean  SD age: 62 + 14) of which 2036
(14.9%) had at least one episode of hypoglycaemia, six at the index date and 2030 episodes during the
follow-up. The pattern of missing data for individual patients is shown in Figure S2: data were
complete for socioeconomic status, prevalent cardiovascular disease, sex, and age, and virtually
complete for Charlson score (33; 0.2% missing).

Characteristics of patients, by incident hypoglycaemia and beta-blocker use, are reported in Table 1:
compared to subjects without beta-blockers, those on any beta-blocker where older, had a higher
body mass index and Charlson score, a similar systolic blood pressure, HbAlc and HDL-cholesterol,
and a lower LDL-cholesterol; beta-blockers were more commonly prescribed in men, patients with
prevalent cardiovascular disease, and previous or never smokers; less marked differences were
observed comparing patients on betal-selective vs non-selective beta-blockers (Table S4). In both
patients with and without incident hypoglycaemia, the most common beta-blockers were atenolol

(48.7% and 63.6%, respectively) and bisoprolol (36.1% and 23.0%, respectively) (Figure S3).

Events and associations

Main analysis

During a median follow-up of 2.34 years (5996.7 person-years) in patients with incident
hypoglycaemia and 4.65 years (64619.2 person-years) in those without, 3148 all-cause death, 1235
composite cardiovascular outcome, 664 non-fatal myocardial infarction, and 488 non-fatal stroke
events were recorded (Table 2).

In patients without hypoglycaemia, adjusting for age and sex differences, the risk of all-cause death
was not different comparing any beta-blocker vs no beta-blocker (hazard ratio (HR): 1.06; 95% Cl:

0.97-1.16; Figure 1); a qualitative different result was found in patients with hypoglycaemia, being



the corresponding HR 0.85 (95% Cl: 0.70-1.05) and p=0.057 for interaction comparing the effect of
any beta-blocker in patients with and without hypoglycaemia. In models progressively adjusted for
other confounders, results indicated no associations of any beta-blocker with the risk of mortality in
both patients with and without hypoglycaemia, without significant interactions (Figure 1).

For non-selective beta-blockers, the risk of death was consistently higher compared to no therapy in
patients without hypoglycaemia for all models, ranging from HR 1.94 (95% Cl: 0.70-1.05) accounting
only for age and sex to 2.93 (1.26-6.83) in the fully adjusted model (Figure 1); conversely, no
differences were observed in patients with hypoglycaemia. P-values for interactions were not
significant in all models.

In patients on selective betal-selective beta-blockers, the risk of death was not different comparing
use vs no use in both patients with and without hypoglycaemia; P-values for interaction were not

significant in all models (Figure 1).

Multiple imputation analysis

After imputation of missing data, in patients without hypoglycaemia the risk of death was not different
comparing any beta-blocker (HR 0.96; 95% Cl: 0.87—-1.05) or betal-selective beta-blocker (0.92; 0.84—
1.01) vs no therapy in fully adjusted models; conversely, the risk was higher for non-selective beta-
blockers (1.59; 1.22-2.08; Figure 2). In a similar model, in patients with hypoglycaemia the risk of
death was lower comparing any beta-blocker (HR 0.76; 95% Cl: 0.62—0.94) or betal-selective beta-
blocker (0.76; 0.61-0.94) vs no therapy. P-value for interaction was significant only for any beta-

blocker (P = 0.049).

Secondary analyses
Given the low number of patients and events, secondary analyses were only performed for the
combined cardiovascular endpoint fatal or non-fatal myocardial infarction or stroke using any beta-

blocker as exposure. In a complete-case investigation, the risk of the composite outcome was higher



in patients without hypoglycaemia accounting for age and sex (HR 1.49; 95% Cl: 1.31-1.70); the
association persisted upon further adjustment for smoking status and systolic blood pressure (1.54;
1.23-1.93) but was not present including other potential confounders (Figure S4). There was no
association between use of any beta-blocker and the composite cardiovascular outcome for patients
with hypoglycaemia in all models (Figure S4); P-values for interactions were not significant in all

models.

Beta-blocker selectivity and risk of hypoglycaemia

We did not find evidence of an increased risk of hypoglycaemia in non-selective vs betal-selective
beta-blockers. Age and sex adjusted hazard ratio was 1.07 (95% Cl: 0.66-1.71) and, upon inclusion of
systolic blood pressure and smoking, 1.12 (0.46-2.75). Few participants and events did not allow

further adjustments.



DISCUSSION

In this observational study, betal-selective beta-blockers were associated with a possible reduction
of mortality in patients with episodes of hypoglycaemia; conversely, non-selective beta-blockers were
associated with an increased risk in patients without hypoglycaemia. Given the limited numbers by
beta-blocker selectivity, findings for the composite endpoint of fatal or non-fatal myocardial infarction
or stroke are more difficult to interpret, yet we observed no associations for any beta-blocker in both
patients with and without hypoglycaemia.

Clear evidence of cardiovascular and mortality benefit of beta-blockers in patients with diabetes is
lacking. A recent position statement suggests beta-blockers use in patients with coronary disease or
heart failure, yet they have not been shown to reduce mortality as blood pressure-lowering agents in
the absence of these conditions [11-13]. Moreover, a recent prospective cohort study has reported a
50% increased mortality in patients with diabetes taking any beta-blocker or betal-selective beta-
blocker compared to no beta-blocker, irrespective of concomitant coronary heart disease [14]. These
findings confirmed a previous post-hoc analysis of around 5000 participants of the ACCORD RCT, which
showed a 30% to 50% increased risk of cardiovascular events in participants with type 2 diabetes on
any beta-blocker compared to no beta-blocker, independent of the presence of coronary heart disease
or heart failure [15]. Notably, there was no interaction between intensive glucose control and beta-
blocker therapy on the risk of cardiovascular events, cardiovascular mortality, and all-cause mortality,
suggesting a similar effect of beta-blockers irrespective of treatment randomisation (intensive vs
routine) [16]. As participants in the ACCORD intensive arm experienced higher rates of severe
hypoglycaemia [17], these results question the indication to re-consider or suspend beta-blockers in
patients at high risk of hypoglycaemia. In another epidemiological investigation of a different RCT
(BARI 2D), it was conversely observed a potential reduction of all-cause mortality associated with any
beta-blocker therapy in type 2 diabetes patients who underwent early revascularization, without a

clear difference between patients with or without myocardial infarction and/or heart failure with
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reduced left ventricular ejection fraction; less clear were the overall effects of any beta-blocker on
other outcomes, including cardiovascular death and fatal or non-fatal myocardial infarction or stroke.
More recently, in a study of around 1800 patients with heart failure, beta-blocker therapy (mainly
bisoprolol) was associated with a greater mortality reduction in patients with type 2 diabetes
compared to those without [18].

Available data are similarly conflicting about the relationship between beta-blocker therapy and risk
of hypoglycaemia. From a clinical perspective, beta-blockers have been considered a potential
problem as they could mask the symptoms of hypoglycaemia. In an observational study of nearly one
million adults with diabetes, the unadjusted rates of severe hypoglycaemia resulting in emergency
department visit or hospital admission were around two-times higher in patients taking any beta-
blocker vs no beta-blocker [19]. However, in a post-hoc analysis of the ACCORD, the relative risk of
severe hypoglycaemia was much smaller, being around 1.3-times higher in patients taking any beta-
blocker vs no beta-blocker [15]; notably, there was no interaction between type of intervention
(intensive vs routine) and use of beta-blocker on the risk of severe hypoglycaemia [16].

In contrast with the above findings, the available evidence relating to hypoglycaemia and risk of long-
term outcomes, such as cardiovascular events and mortality, is more consistent. Initial observations
were mainly from epidemiological analyses of large RCTs, which showed a higher mortality in patients
experiencing severe hypoglycaemia [2, 20-22]. Further evidence has progressively emerged from
other post-hoc analyses of RCTs [23], meta-analyses [24], and observational studies. In large cohorts
severe hypoglycaemia has been linked to all-cause and cause-specific mortality [7, 25-27]: it remains
uncertain, however, whether hypoglycaemia is causally linked to the outcomes or simply a marker of
vulnerability (i.e., a confounder).

While previous studies did not examine potential differences by beta-blocker selectivity, we
specifically explored interaction according to beta-blocker pharmacodynamics. Investigating potential
divergent effects by beta-blocker selectivity is relevant in view of the pathophysiological and

pharmacological implications of hypoglycaemia-driven sympathoadrenal response. As the cardiac
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effects of catecholamines are mainly mediated by betal receptors, betal-selective beta-blockers
could potentially reduce the risk of cardiac electrophysiological abnormalities. Our results did not
show “formal” statistically significant interactions at the a-priori defined significance level of 0.05,
possibly because of the low number of patients with incident hypoglycaemia, particularly for non-
selective beta-blockers. However, given the explorative nature of the study, we believe that less
emphasis should be placed on the statistical significance level and more focus, instead, on the clinical
importance of the results. At the same time, we also deem that the possible beneficial effect of betal-
selective beta-blockers should be further explored in other studies, due to the potentially relevant
clinical implications.

To our knowledge, this is the first large observational study to investigate beta-blockers and their
selectivity in the association of hypoglycaemia with cardiovascular and all-cause mortality. In the
analyses, we accounted for multiple potential confounders and considered as exposures all
hypoglycaemic episodes, while most of previous epidemiological analyses focused only on severe
episodes. There are also some limitations. In pharmacoepidemiological studies, confounding by
indication is a potential bias which may result in inaccurate treatment-outcome causal estimates.
Among the multiple analytical methods to control for this confounding, we opted for regression
adjustment which included factors related to both the outcome (all-cause death and cardiovascular
outcomes) and the exposure/treatment (beta-blockers) and are not intermediate between the
treatment and the outcome [28]. In particular, models included prevalent cardiovascular disease as it
could act as a confounder between the prescription of some beta-blockers (for example, selective
beta-blockers are more likely prescribed for myocardial infarction while non-selective for non-
cardiovascular conditions) and risk of death. There is the possibility, however, that other potential
confounders have not been accounted for in these analyses. Although the availability and the quality
of data have improved after 2004 [6], for some variables data were not collected (i.e., kidney function)
or were unavailable in a substantial proportion of patients, which could have impacted on risk

estimates. To reduce the risk of this bias, we performed multiple imputation analyses. We could not
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explore if a divergent relationship exist, comparing betal-selective vs non-selective beta-blockers,
when the outcome is cardiovascular instead of all-cause mortality: this was due to the small number
of patients, in particular for non-selective beta-blockers, and events, which restricted the analysis of
combined cardiovascular endpoint only to any beta-blocker. For the same reason, it was not possible
to investigate associations with individual cardiovascular endpoints and stratify the analysis by
prevalent cardiovascular disease or diabetes type. Most non-severe hypoglycaemic events are self-
treated by patients and likely to be unreported to physicians; moreover, general practices
participating in the CPRD report disease events better than those not participating [29]. Lastly, data
on hypoglycaemia unawareness were not available; the sample of patients with diabetes was defined
only including those with Read codes in C10+; information on covariates were extracted only at index
date; and, due to the observational nature of the investigation, no causality can be directly inferred
from these findings.

The increasing prevalence of aging, multimorbid patients with diabetes has resulted in global
increasing trends of hypoglycaemia and hypoglycaemia-related mortality [30, 31]; approaches to
reduce the burden of hypoglycaemia-related death are therefore warranted. Our data indicate that
non-selective beta-blockers may increase the risk of mortality in patients without hypoglycaemia;
conversely, in patients with hypoglycaemia, there was no evidence of an increased risk for non-
selective beta-blockers and a potentially reduced risk for betal-selective beta-blockers. These results,
however, need to be confirmed in future larger studies to determine whether betal-selective beta-
blockers should be prescribed in patients with frequent hypoglycaemic episodes to reduce the risk of

death and cardiovascular events.
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FIGURE LEGENDS

Figure 1: Associations of beta-blocker treatment with all-cause death, by presence of hypoglycaemia

Legend: All-cause death hazard ratios, progressively adjusted for potential confounders, are reported
comparing any beta-blocker use vs no use in complete-case analysis for patients with (full squares)
and without (empty squares) incident hypoglycaemia.

HbAlc: Glycated haemoglobin; LDL-c: Low-density lipoprotein cholesterol; HDL: high-density
lipoprotein cholesterol; CVD: cardiovascular disease; SES: socioeconomic status; BMI: body mass
index.

Figure 2: Associations of beta-blocker treatment with all-cause death, by presence of
hypoglycaemia, after imputation of missing data

Legend: All-cause death hazard ratios, comparing beta-blocker use vs no use, are estimated in the
fully-adjusted model (age, sex, smoking, systolic blood pressure, glycated haemoglobin, low-density
and high-density lipoprotein cholesterol, prevalent cardiovascular disease, socioeconomic status,
body mass index, and Charlson score) for patients with (full squares) and without (empty squares)
incident hypoglycaemia.
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