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AIMS
Although there are reports that β-adrenoceptor antagonists (beta-blockers) and
diuretics can affect glycaemic control in people with diabetes mellitus, there is
no clear information on how blood glucose concentrations may change and by
how much. We report results from a systematic review to quantify the effects of
these antihypertensive drugs on glycaemic control in adults with established
diabetes.

METHODS
We systematically reviewed the literature to identify randomized controlled
trials in which glycaemic control was studied in adults with diabetes taking
either beta-blockers or diuretics. We combined data on HbA1c and fasting blood
glucose using fixed effects meta-analysis.

RESULTS
From 3864 papers retrieved, we found 10 studies of beta-blockers and 12
studies of diuretics to include in the meta-analysis. One study included both
comparisons, totalling 21 included reports. Beta-blockers increased fasting
blood glucose concentrations by 0.64 mmol l−1 (95% CI 0.24, 1.03) and diuretics
by 0.77 mmol l−1 (95% CI 0.14, 1.39) compared with placebo. Effect sizes were
largest in trials of non-selective beta-blockers (1.33, 95% CI 0.72, 1.95) and
thiazide diuretics (1.69, 95% CI 0.60, 2.69). Beta-blockers increased HbA1c

concentrations by 0.75% (95% CI 0.30, 1.20) and diuretics by 0.24% (95% CI
−0.17, 0.65) compared with placebo. There was no significant difference in the
number of hypoglycaemic events between beta-blockers and placebo in three
trials.

CONCLUSIONS
Randomized trials suggest that thiazide diuretics and non-selective
beta-blockers increase fasting blood glucose and HbA1c concentrations in
patients with diabetes by moderate amounts. These data will inform prescribing
and monitoring of beta-blockers and diuretics in patients with diabetes.

WHAT IS ALREADY KNOWN ABOUT
THE SUBJECT
• Antihypertensive medications are

commonly used in people with diabetes
mellitus.

• β-adrenoceptor blockers and diuretics may
alter blood glucose control but it is not clear
how large the effects are.

WHAT THIS STUDY ADDS
• This is the first systematic review of studies

of the effects of β-adrenoceptor blockers
and diuretics on glycaemic control in
diabetes mellitus.

• The analysis confirms previous views that
non-selective β-adrenoceptor blockers and
thiazide diuretics increase fasting blood
glucose concentrations in diabetes.

• Closer monitoring of glycaemic control for a
short time after initiating one of these
medications, and adjustment of
glucose-lowering therapy if required, would
be appropriate.
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Introduction

Around 85% of people with diabetes mellitus have
co-morbidities that may require them to take other medi-
cations [1, 2]. While it is important that co-existent risk
factors are treated effectively, it is also important for
blood glucose control to be maintained. However, many
medications are reported to affect blood glucose concen-
trations or the required dose of insulin. Extensive lists of
medications that may adversely affect blood glucose
control in people with diabetes are available from both
regulatory agencies, such as the European Medicines
Agency (EMA [3]) and internet-based information
resources (e.g. Diabetes in Control [4] and dLife [5]).
Despite evidence that certain drugs affect glycaemic
control, the available lists contain neither references to
the sources of information nor information about the
magnitude of the effect that can be expected when a
medication is used. If patients and clinicians had access to
information about how medications can affect glycaemic
control, they would be able to make informed decisions
regarding HbA1c monitoring and the type of medication
or dosage to use. This could help clinicians to avoid pre-
scribing certain medications that pose higher risks of
hypoglycaemia or hyperglycaemia. Alternatively, some
drugs that were previously avoided may be found to have
minimal effects on blood glucose control and thus be
safer to use than originally thought.

We chose to study β-adrenoceptor antagonists (beta-
blockers) and diuretics because both are commonly pre-
scribed in diabetes and they have been associated with
adverse effects on carbohydrate metabolism [6]. Beta-
blockers have several different effects on blood glucose
control through mechanisms that can oppose each other.
For example, they can reduce blood glucose concentra-
tions by blocking the actions of catecholamines in promot-
ing glycogenolysis and gluconeogenesis [7]. However,
they can also increase blood glucose concentrations by
inhibiting the release of insulin from pancreatic β-cells [8],
which is mediated by β2-adrenoceptors. Furthermore,
beta-blockade also increases growth hormone release in
response to growth hormone releasing hormone [9] which
would tend to cause hyperglycaemia. In children the
balance of these actions may result in hypoglycaemia [10]
and in adults with heart failure, hyperglycaemia [8].

Several trials have reported that some non-selective
vasodilating beta-blockers may have favourable effects
on insulin sensitivity and glycaemic control compared
with selective beta-blockers [11–13]. These trials suggest
that some beta-blockers can be used safely in people
with diabetes, but at present the available information is
conflicting. A meta-analysis comparing the rates of
cardiovascular events for people with diabetes taking
atenolol compared with other antihypertensive drugs
showed an increased risk ratio of 1.12 (95% CI 1.00, 1.25,
P = 0.06) [14].

Randomized trials have shown that low dose diuretic
treatment prevents major cardiovascular events in people
with and without diabetes [15, 16]. However, thiazide diu-
retics have been linked to adverse metabolic effects,
glucose intolerance and hyperglycaemia [17], as well as
incident diabetes [18]. Some studies have suggested that
the use of diuretics in diabetes may be dangerous. For
example, a cohort study from 1991 reported that using
diuretics to reduce hypertension in diabetes was associ-
ated with an increased risk of mortality [19]. Diuretics can
also cause hypokalaemia [20], which can cause reduced
insulin secretion and an increased risk of diabetes [17, 21].

Information on whether these medications have
adverse effects on glucose control in people with diabetes
is hard to find. Despite its importance in monitoring and
care, this information has not to date been systematically
assessed, making it difficult for clinicians to make informed
decisions about how these medications should be used.
We have carried out a systematic review and meta-analysis
to quantify the effects of beta-blockers and diuretics on
glycaemic control and the incidence of adverse events in
people with type 1 and type 2 diabetes.

Methods

Our review and protocol were registered, in advance of
searching the literature, on the Prospero database (regis-
tration number CRD42013004261). We searched Medline
and EMBASE databases and the Cochrane database of reg-
istered controlled trials from 1946 to the end of March
2013 with no language restrictions. In addition, we
searched the ClinicalTrials.gov clinical trials registry and
scanned reference lists of reviews and relevant papers for
eligible trials. The Medline search strategy is shown in Sup-
porting Information. All identified studies were screened
independently by two reviewers (JH and BF) for eligibility.
We included placebo-controlled randomized trials of any
duration in which the effects of either beta-blockers or
diuretics on measures of glycaemic control in people with
diabetes were assessed. We also included trials in which a
diuretic or beta-blocker was added to another medication,
provided that the other medication was the same in both
the intervention and comparator arms. Two reviewers
extracted data on study characteristics (intervention and
comparator medications and doses, length of follow-up),
patient characteristics (mean age, gender, BMI and diabe-
tes duration), study quality (randomization and blinding
[22]), and patient outcomes (measures of glycaemic
control) from included trials. The primary outcome was
glycaemic control, measured as HbA1c, fasting blood
glucose or hypoglycaemic episodes between intervention
and control groups. Secondary outcomes were systolic
blood pressure and adverse events. We wrote to the
authors of trials published in the past 10 years to request
unpublished data.
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The definitions of episodes of symptomatic hypo-
glycaemia reported in the methods of each paper were
accepted as the criteria for our analysis (including tremor,
sweating, tachycardia, palpitation, and piloerection). We
also extracted data on end point systolic blood pressure
when it was reported. The quality of included studies was
assessed, and studies in which randomization or double
blinding were not stated were excluded in a sensitivity
analysis to see whether this affected the results. We
assessed the potential risk of publication bias using
Egger’s test [22].

Statistical methods
All analyses were carried out using Stata 12.1SE (StataCorp,
Tx, USA). Fasting blood glucose concentrations that were
reported as mg dl−1 were converted to mmol l−1. We pooled
data on the mean difference between intervention and
comparator groups in fasting blood glucose, HbA1c con-
centrations and systolic blood pressure reported at the
end of the trial using a fixed effects inverse variance
weighted meta-analysis. HbA1c was only pooled in trials
that lasted 8 weeks or longer. Numbers of hypoglycaemic
events or other adverse events were pooled using the
Mantel Haenszel method to calculate the risk ratio [22].
When total or mean numbers of adverse events per patient
were reported, we calculated the number of events per
patient-week in the trial, to enable pooling of the results.
Standard deviations were imputed in one trial in which
they were not reported [23] by averaging standard devia-
tions from all the included trials in which they were
reported, as recommended in the Cochrane Handbook
[22], and the geometric mean was approximated to the
mean. Trials in which approximations were made were

excluded in a sensitivity analysis. Prespecified sub-group
analysis and meta-regression was used to assess whether
selective and non-selective beta-blockers [24, 25] gave sig-
nificantly different results from each other, and whether
thiazide diuretics gave significantly different results from
other diuretics.

Results

We identified 3864 papers, 188 of which were duplicate
references resulting from searching multiple databases,
leaving 3676 papers for review (Figure 1). After review of
titles and abstracts, 3587 papers were excluded, leaving 89
papers to be included for full text examination (55 using
beta-blockers, 30 using diuretics and four using both).
After examining the full texts, we included 21 randomized
controlled trials, 10 of beta-blockers (15 comparisons)
involving 1889 participants and 12 of diuretics (13 com-
parisons) with a total of 366 participants. One RCT included
both interventions [26]. The ClinicalTrials.gov registry
yielded a further 157 possible trials, from which no addi-
tional trials were identified for inclusion. Several eligible
trials were excluded from the analysis because no measure
of glycaemic control was reported and data could not be
obtained from the authors [23, 27–32]. One comparison of
two doses of cyclopenthiazide was also excluded [33].
Included trials are shown in Table 1. All but three of the
included trials were of 3 months duration or shorter. The
mean trial duration in the 10 beta-blocker trials was 17
weeks, all trial participants were adults, and most had type
2 diabetes, were hypertensive and were not using insulin.
The mean trial duration in the 11 diuretic trials was 7.5

3864 records identified in
Medline, EMBASE and CENTRAL

3676 records for abstract
inspection

188 duplicates removed

3587 excluded
Not humans, not all diabetes,
not RCT, not randomized to
diuretic or beta-blocker, not

possible to separate
intervention drug

68 excluded
Not randomized, not possible

to separate intervention
drug, did not measure

glycaemic control

89 articles assessed for
eligibility

21 trials included
(10 beta-blocker, 12 diuretic, one

including both comparisons)

157 trials identified in
Clinicaltrials.gov

157 excluded
Not randomized,
not possible to

separate
intervention drug

Figure 1
Flow chart of searches
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weeks with only one trial of longer than 12 weeks, all trial
participants were adults, and most had type 2 diabetes,
were hypertensive, and were not using insulin.

The methodological quality of the included trials was
high and most reported obtaining informed consent from
participants. Only one beta-blocker trial reported the
method of randomzation [34] and all but two trials [26, 35]
reported double blinding. Two trials of diuretics did not
clearly report randomization [36, 37] and three did not
report double blinding [26, 37, 38].

Beta-blockers
Of the trials of beta-blockers, six (seven comparisons)
reported fasting blood glucose concentrations (696 par-
ticipants). Beta-blockers increased pooled end point
fasting blood glucose by 0.64 mmol l−1 (95% CI 0.24, 1.03)
compared with placebo (Figure 2). Four trials (five com-
parisons) of non-selective beta-blockers (propranolol
and celiprolol) had a significantly larger pooled effect size
than two trials of selective beta-blockers (atenolol and

nebivolol) (1.33 mmol l−1, 95% CI 0.72, 1.95 compared with
0.15 mmol l−1, 95% CI −0.36, 0.66) (P = 0.034). Pooling data
from five comparison arms of one trial that reported HbA1c

showed that beta-blockers increased HbA1c by 0.75% (95%
CI 0.30, 1.20), corresponding to 8.2 mmol mol−1 (95% CI 3.3,
13.1) compared with placebo (Figure S1), with no differ-
ence between selective and non-selective beta-blockers
(results not shown). Four trials (nine comparisons)
reported blood pressure; pooling end point data showed
that systolic blood pressure was 8 mmHg (95% CI 4, 13)
lower in patients who had taken beta-blockers compared
with placebo. Sensitivity analyses excluding trials that
were not double-blind did not substantially change
the results. Three trials reported the numbers of
hypoglycaemic events. The pooled data showed that there
was no significant difference in the numbers of events
between those who took beta-blockers and those who did
not, risk ratio 0.80 (95% CI 0.31, 2.06). Treatment with beta-
blockers resulted in fewer cardiovascular events in five
trials, RR 0.78 (95% CI 0.68, 0.90, P < 0.001), and lower

Heterogeneity between groups: P = 0.004

Overall  (I-squared = 42.0%, P = 0.111)

Subtotal  (I-squared = 0.0%, P = 0.805)

Profozic et al. [49]

Subtotal  (I-squared = 0.0%, P = 0.553)

Author

de Boer et al. [50]

Lewis et al. [47]

Chellingworth et al. [35]

Dornhorst et al. [26]

Larijani et al. [53]

Dornhorst et al. [26]

Non-selective

Selective

30

n

555

22

19

15

40

15

atenolol

Intervention

nebivolol

propranolol

propranolol

propranolol + hydrochlorothiazide

carvedilol

propranolol

0.64 (0.24, 1.03)

1.33 (0.72, 1.95)

–0.19 (–1.43, 1.05)

0.15 (–0.36, 0.66)

FBG (95% CI)

0.22 (–0.34, 0.79)

1.20 (0.49, 1.91)

1.13 (–0.89, 3.15)

2.88 (–0.81, 6.57)

2.38 (0.04, 4.71)

End point

1.40 (–1.16, 3.96)

100.00

41.17

10.14

58.83

Weight

48.69

30.99

3.81

1.14

2.85

%

2.38

Treatment reduces FBG  Treatment increases FBG 

0–1.5 5

Figure 2
Mean difference in end point fasting blood glucose (FBG) (mmol l−1) with beta-blockers vs. placebo (boxes) and pooled estimates (diamond) calculated by
the inverse variance fixed effects model. Horizontal bars and diamond widths represent 95% CIs and box sizes indicate relative weights in the analysis
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mortality in four trials, RR 0.77 (95% CI 0.63, 0.96, P = 0.019)
compared with control groups. There was no significant
difference in the numbers of other adverse events
between beta-blockers and the comparator group
(Figure S2).

Diuretics
Eight of the diuretics trials (nine comparisons) reported
fasting blood glucose concentrations. Pooling the end
point data showed that patients randomized to diuretics
had fasting blood glucose concentrations 0.77 mmol l−1

(95% CI 0.14, 1.39) higher than those randomized to
placebo (Figure 3). The four trials (five comparisons) that
used thiazide diuretics had a larger effect size than those
that used non-thiazide diuretics (1.69, 95% CI 0.69, 2.69
and 0.18, 95% CI −0.62, 0.98, respectively), which was of
borderline significance (P = 0.054). Six trials of 8 weeks or
longer reported HbA1c concentrations; pooling end point

data showed that patients taking diuretics had HbA1c con-
centrations 0.24% higher (95% CI −0.17, 0.65), correspond-
ing to 2.6 (95% CI −1.9, 7.1) mmol mol−1 compared with
placebo, but this was not significant (P = 0.58; Figure S3).
Trials of thiazide diuretics showed a slightly greater
increase in HbA1c than trials of non-thiazide diuretics, but
neither result was significant (results not shown). When
data from the potassium-sparing diuretic spironolactone
were examined separately, the pooled fasting blood
glucose was 0.08 mmol l−1 (95% CI −0.79, 0.95) higher in
three trials and HbA1c was 0.24% (95% CI −0.39, 0.88)
higher in two trials compared with placebo. However, we
were unable to assess the extent to which the effect of the
thiazides was related to potassium depletion [8], since
electrolyte concentrations were not reported in the
included studies. Eleven trials (12 comparisons) reported
blood pressures; pooling end point data showed that in
patients who took diuretics systolic blood pressure was
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12 mmHg (95% CI 10, 14; P < 0.0001) lower than with
placebo. Sensitivity analyses to exclude trials in which esti-
mations were made and trials that did not clearly report
randomization or double blinding did not substantially
change the results for HbA1c (data not shown), but did
reduce the effect size of diuretics on fasting blood glucose
to 0.62 (95% CI −0.15, 1.40) mmol l−1 (P = 0.11). None of the
included diuretic trials reported numbers of adverse
events. The result from Egger’s test (P = 0.045) was consist-
ent with possible publication bias for trials reporting
fasting blood glucose.

Discussion

We have found that both beta-blockers and diuretics, in
doses that are highly effective in lowering blood pressure,
significantly increase fasting blood glucose in adults with
diabetes mellitus. The effect of beta-blockers was most
clearly seen in studies of non-selective beta-blockers
(propranolol and celiprolol). The selective beta-blockers
atenolol and nebivolol had little effect, although this
result was based on only two studies. The effect of diuret-
ics was most clearly seen with thiazide diuretics, which is
consistent with reports from studies in individuals
without diabetes, in whom thiazide diuretics have been
associated with hyperglycaemia [39]. There was only one
included study of beta-blockers and HbA1c. Across six
studies of diuretics there was a modest and non-
significant increase in HbA1c.

Although antihypertensive medications are widely
used in diabetes, this is the first systematic review of the
literature with meta-analysis to quantify the extent to
which beta-blockers or diuretics affect glycaemic control.
Many medications have been reported to affect blood
glucose concentrations, but there is very little information
to guide clinicians and patients on which are safe to use
and which should be avoided in people with diabetes.

We have found that beta-blockers increase fasting
blood glucose by around 0.6 mmol l−1 (1.3 mmol l−1 for
non-selective beta-blockers) and diuretics by around
0.8 mmol l−1 (1.7 mmol l−1 for thiazide diuretics). Trials of
non-selective beta-blockers increased fasting blood
glucose significantly more than those of selective beta-
blockers. This is incongruent with some previous reports
[11–13, 40]. However, non-selective beta-blockers have
opposing mechanisms of action on insulin secretion and
glucose utilization [41, 42], and the results of this study
suggest that in people with diabetes the mechanisms by
which beta-blockers cause an overall increase in blood
glucose concentration predominate over those that would
cause a reduction, and that this effect is primarily medi-
ated via β2-adrenoceptors.

Diuretics on the other hand, probably only affect
insulin secretion [17]. It is possible that the combined use
of diuretics and beta-blockers results in even greater

increases in blood glucose concentrations; as evidenced
from a single trial in our review which included both
agents [26]. Since only one of the included trials of diuret-
ics reported any adverse events we are unable to report
pooled results for diuretics. We found no evidence of an
increase in adverse events with beta-blockers. However,
the trials included in our analysis were relatively short
(maximum duration 20 months), and it is possible that in
the longer term an increased risk of the microvascular and
macrovascular complications of diabetes may result from
the deterioration in glycaemic control [43]. In a minor
deviation from the protocol, we included trials of 8 weeks
or longer in the meta-analysis of HbA1c, since previous
studies have reported that most of the change in HbA1c

takes place within the first 8 weeks of a medication change
[44].

Our systematic review has some limitations. Most
importantly, several large published trials of beta-blockers
or diuretics had to be excluded from the analysis because
they did not report outcome data for either HbA1c or
fasting blood glucose and we were unable to obtain the
data from the authors. If these trials had reported no sig-
nificant differences in glycaemic control between groups,
then our meta-analysis could be overestimating the effect
sizes. We have been unable to examine the effect of diu-
retics on adverse events, as insufficient trials reported
these outcomes. Most of the trials we included did not
report the method of randomization, which is a potential
source of bias. The impact of this could not be assessed
because there were too few trials. We found a significant
risk of publication bias in the beta-blocker studies.
However we only had eight and nine comparisons for
beta-blockers and diuretics, respectively and Egger’s test
for publication bias is reported to be unreliable when
fewer than 10 trials are compared [22]. The results of this
analysis should therefore be interpreted with caution.
Moreover, all the trials were small: only one trial included
in the analysis of beta-blockers had more than 40 partici-
pants and none of the diuretics trials had more than 56
participants. Most of the trials included in our review were
of 3 months duration or less. We were therefore unable to
assess the longer term impact of these medications on
glycaemic control. Additionally, many of the included trials
were old and therefore the generalizability of the findings
to present day practice may be limited. Most of our
included studies were carried out in hypertensive patients.
There were too few studies in patients with heart failure to
enable comparison with patients with hypertension. Of
the 21 included trials only five reported that doses of blood
glucose lowering medications were unchanged for the
duration of the trial, two beta-blocker trials [35, 45] and
three diuretic trials [33, 36, 46]. We were therefore unable
to compare effect sizes in individuals with and without
changes to their blood glucose lowering medications.
However, the majority of trial participants were taking oral
medications, and trial durations were short, which may
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have limited the opportunities for medication changes.
Our analysis of the effects of beta-blockers on HbA1c was
based on one trial with several arms comparing different
beta-blockers. The results from this analysis should there-
fore be interpreted with caution. There were too few
studies to enable comparisons between individual beta-
blockers or diuretics or to compare different doses.
However, we were able to compare trials of selective beta-
blockers (two trials) with trials of non-selective beta-
blockers (five trials) and trials of thiazide diuretics (five
trials) with trials of non-thiazide diuretics (four trials) and
spironolactone (three trials). Although these sub-group
analyses were pre-specified, they were indirect compari-
sons and the results should therefore be interpreted with
caution. The results of this review could guide clinicians
who are considering prescribing blood pressure lowering
medications for people with diabetes.

We have confirmed the existence of glycaemic effects
of beta-blockers and diuretics. Although the mean effects
appear small, we cannot rule out the possibility of a larger
effect in some individuals. However, we cannot investigate
this further because of the parallel group design of the
studies included in this review. Until further studies better
identify prescriptive and predictive explanations for these
variations, the current recommendation, to use other
classes of anti-hypertensive agents in diabetes whenever
possible, appears well supported by underpinning evi-
dence. Furthermore, closer monitoring of glycaemic
control for a short time after initiating one of these medi-
cations, and adjustment of glucose-lowering therapy if
required, would be appropriate.
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Figure S1
Mean difference in end point HbA1c of beta-blockers vs.
placebo (boxes) and pooled estimates (diamond) calcu-
lated by the inverse variance fixed effects model. Horizon-
tal bars and diamond widths represent 95% CIs and box
sizes indicate relative weights in the analysis
Figure S2
Beta-blockers – Adverse events

Figure S3
Mean difference in end point HbA1c (%) with diuretics vs.
placebo (boxes) and pooled estimates (diamond) calcu-
lated by the inverse variance fixed effects model. Horizon-
tal bars and diamond widths represent 95% CIs and box
sizes indicate relative weights in the analysis
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