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ABSTRACT

PURPOSE:

Patients with type 2 diabetes are commonly overweight, which can contribute to poor

cardiovascular outcomes. 3-blockers may promote weight gain, or hamper weight loss, and are a concern
in high-risk patients. The current analysis of the Glycemic Effect in Diabetes Mellitus: Carvedilol-
Metoprolol Comparison in Hypertensives (GEMINI) trial evaluates the effects of carvedilol and metopro-
lol tartrate on weight gain in patients with type 2 diabetes and hypertension.

METHODS:  This prespecified secondary analysis of the GEMINI study (n=1106) evaluated change in
body weight after 5 months.

RESULTS:  Mean (£SE) baseline weights were 97.5 (=20.1) kg for carvedilol and 96.6 (+20.1) kg for
metoprolol tartrate. Treatment difference (¢ vs m) in mean (*SE) weight change from baseline was —1.02
(£0.21) kg (95% confidence interval [CI], —1.43 to —0.60; P <.001). Patients taking metoprolol had a
significant mean (=SE) weight gain of 1.19 (*0.16) kg (P <.001); patients taking carvedilol did not (0.17
[0.19] kg; P =.36). Metoprolol tartrate-treated patients with body mass index (BMI) >30 kg/m” had a
statistically significant greater weight gain than comparable carvedilol-treated patients. Treatment differ-
ences (c vs m) in the obese (BMI >30 kg/m?) and morbidly obese groups (BMI >40 kg/m?) were —0.90
kg (95% CI, —1.5 to —0.3; P =.002) and —1.84 kg (95% CI, —2.9 to —0.8; P =.001), respectively.
Pairwise correlation analyses revealed no significant associations between weight change and change in
HbA, ., HOMA-IR, or blood pressure.

CONCLUSIONS:  Metoprolol tartrate was associated with increased weight gain compared to carvedilol;
weight gain was most pronounced in subjects with hypertension and diabetes who were not taking insulin
therapy. © 2007 Elsevier Inc. All rights reserved.
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Increases in body weight have been documented with long-
term therapy of traditional B-blockers.! In the United King-
dom Prospective Diabetes Study (UKPDS), 9 years of ther-
apy with atenolol resulted in a weight gain of 3.4 kg, a more
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than 2-fold greater increase in body weight than seen with
similar therapy with captopril (weight gain 1.6 kg).> Any
weight gain is of concern in patients with type 2 diabetes
because of the rise in insulin resistance associated with
excess weight and obesity.’

The B-blocker carvedilol has not been associated with
adverse effects on insulin sensitivity or carbohydrate me-
tabolism when used in the treatment of hypertension in
small studies of both diabetic* and nondiabetic® patients.
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The prospective, randomized clinical trial Glycemic Effects
in Diabetes Mellitus: Carvedilol-Metoprolol Comparison in
Hypertensives (GEMINI), involving 1235 patients with
type 2 diabetes, showed that hemoglobin (HbA,,) levels
remained stable in the carvedilol-treated group but in-
creased by 0.15% in patients re-

ceiving metoprolol tartrate (P

Once target blood pressure or maximum dosage was
reached, the study drug was maintained for 5 months.

The primary endpoint of GEMINI was the difference
between the carvedilol- and metoprolol tartrate-treated
groups in change in HbA | levels from baseline to mainte-

nance month 5. Change from
baseline in body weight was a pre-

=.006 for the difference between
agents). Insulin resistance was re-
duced by carvedilol but increased
by metoprolol tartrate, with an
overall difference of 7.2% (P
=.004).° In the study, body
weight was measured at baseline

and 5-month follow-up for the WEIth.

majority of randomized GEMINI o Unlike metoprolol tartrate, carvedilol
was not associated with significant
weight gain in patients with diabetes
and hypertension.

patients (456/498 [90%] carve-
dilol and 650/737 [88%] metopro-
lol tartrate patients). In this report,
we present the results of the anal-

CLINICAL RESEARCH STUDY

e In high-risk patients, attention should
be paid to therapy that has associated
weight gain; for instance, B-blocker use
has been linked to increased body

specified secondary endpoint.’
Body mass index (BMI) was de-
termined at baseline and after
completion of the 5-month main-
tenance period as the patient’s
weight in kilograms divided by
the square of the patient’s height
in meters (kg/mz). Insulin resis-
tance was determined using the
Homeostasis Model Assessment—
Insulin Resistance (HOMA-IR)
index. Correlation analyses were
defined post-hoc.>®

ysis of weight change from the
GEMINI trial.

METHODS

GEMINI compared the effects of antihypertensive therapy
with carvedilol and metoprolol tartrate on glycemic control
in patients with established diagnoses of diabetes and hy-
pertension already taking angiotensin converting enzyme
(ACE) inhibitors or angiotensin receptor blockers (ARBs).
Detailed descriptions of the study design, methods, and
primary results have been presented elsewhere.®’” GEMINI
was a prospective, randomized, double-blind, parallel-
group, multicenter study including men and women aged 36
to 85 years with documented type 2 diabetes (HbA, . levels
6.5% to 8.5%, C-peptide =0.6 ng/mL) and stage 1 or 2
hypertension (systolic blood pressure >130 and =179 mm
Hg, and diastolic blood pressure >80 and =109 mm Hg).
Antidiabetic medication must have been stable for at least 3
months, and antihypertensive medication, including an ACE
inhibitor or ARB, must have been stable for at least 1
month.

After enrollment, patients discontinued all antihyperten-
sive medications except ACE inhibitors and ARBs, which
were continued at their regular dose for 2 to 4 weeks. The
remaining qualifying patients were randomized in a 2:3
ratio to receive double-blind carvedilol starting at 6.25 mg
bid or metoprolol tartrate starting at 50 mg bid. The ratio-
nale for the unequal randomization has been previously
described.” Doses were increased stepwise every 1 to 2
weeks to a maximum of 25 mg bid of carvedilol or 200 mg
bid of metoprolol tartrate over 2 to 7 weeks in order to
achieve target blood pressure. If necessary, adjunctive ther-
apy with hydrochlorothiazide 12.5 mg followed by a dihy-
dropyridine calcium antagonist (amlodipine) and a-blocker
was allowed if needed to achieve target blood pressures.

Details of statistical methods

used in the overall GEMINI study

are described elsewhere.® For these analyses, only subjects
with both baseline and at least 1 maintenance assessment of
body weight were included. The last observation carried
forward was used to impute missing endpoint values. Anal-
ysis of covariance (ANCOVA) was performed for change
from baseline in weight comparing carvedilol with meto-
prolol tartrate, adjusting for baseline weight, study, baseline
thiazolidinedione use, and baseline ARB use. To assess
weight changes between the treatment groups across base-
line weight quartiles, a similar exploratory ANCOVA was
performed with baseline weight replaced by baseline weight
quartiles in the analysis model. Similar exploratory analyses
were performed to assess weight changes across baseline
BMI categories, which were based on the National Institutes
of Health BMI classifications: normal (18.5-24.9 kg/mz),
overweight (25-29.9 kg/m?), obese (30-39.9 kg/m?), and
extremely (morbidly) obese (>40 kg/m?). To explore
whether or not the use of insulin at baseline had an effect on
the weight change, ANCOVA was performed with a model
adjusting for baseline weight, study, baseline thiazolidinedi-
one use, baseline ARB use, and baseline insulin use. Sta-
tistical interaction between treatment and insulin use was
examined. Adjusted (least squares) means, treatment differ-
ence, P values, and 95% confidence intervals (CIs) were
provided for these analyses. Logistic regression was per-
formed to compare the proportion of weight responders
between the treatment groups for each of the following 4
binary responses: any weight loss (ie, a weight change <0
kg), weight loss =5%, weight gain =5%, and weight gain
=7%. Each logistic regression analysis model was adjusted
for baseline weight, study, baseline thiazolidinedione, and
ARB use. Odds ratios, P values, and 95% ClIs for carvedilol
versus metoprolol tartrate were provided. Exploratory pair-
wise correlation analyses were performed to assess linear
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_ 14- reaCr::’r;dillolevr:nce P <.001 Table 1  Analysis of Weight Change Responses*
E; Metoprolol Tartrate Metoprolol
2 1.2 -1.0 Carvedilol Tartrate
§ 1.0 - (—1.43, -0.60) Weight (N=456) (N=650) Odds P
S os P < 001 Change (kg) n (%) n (%) Ratio® Value 95% CI
§ ’ Change <0 199 (43.6) 225 (34.6) 1.43 .005 1.12-1.83
< 061 Loss =5% 23 (5.0) 19 (2.9) 1.82 .059 0.98-3.41
b= P=.36 Gain 5%-7% 26 (5.7) 59 (9.1) 0.65 .086 0.40-1.06
S 04- Gain =7% 5(1.1) 29 (4.5) 0.26 .006 0.10-0.67
o : -
S 02- *All weight change scenarios are not represented, therefore the
o number of patients does not add to 456/650.
= 0 - tFor carvedilol vs metoprolol comparison.
Carvedilol Metoprolol
(n = 456) Tar_trate carvedilol group and 96.6 (+20.1) kg in the metoprolol
(n = 650) tartrate group. After 5 months of therapy, patients receiving

Figure 1 Carvedilol vs metoprolol tartrate: difference in mean metoprolol tartrate experienced a Signiﬁcant mean (iSE)

weight change from baseline. Carvedilol therapy did not cause a
significant weight increase (0.2 kg; P =.36), while metoprolol
tartrate did significantly increase weight from baseline (1.2 kg; P
<.001). The difference between the mean weight changes was
significant (P <.001). From Bakris et al.®

association between weight change and changes in HbA,,
HOMA-IR, systolic blood pressure, and diastolic blood
pressure for each treatment group. The HOMA-IR values at
baseline and at maintenance month 5 were log-transformed,
and the change in the log-transformed value was used in the
analysis. For all analyses, treatment comparisons were
tested at a 0.05 significance level and tests of interaction
were performed at a significance level of 0.10. This manu-
script is based on retrospective analyses on a secondary
variable and therefore no adjustments were made for mul-
tiplicity in secondary variable analyses, as originally
planned for in the GEMINI study.

RESULTS

A total of 1235 patients were randomized to receive either
carvedilol (n =498) or metoprolol tartrate (n = 737). Their
mean age was 61 years; 55% were male, and approximately
75% were white. Most of the participants were overweight
or obese, with a mean baseline BMI of 34 = 6 kg/m”. The
diabetic status of the enrollees was well controlled: mean
entrance HbA . was 7.2%. After discontinuation of all
blood pressure-lowering medications except ACE inhibitors
or ARBs, the mean baseline blood pressure was 149/86 mm
Hg. The mean doses required to achieve target blood pres-
sure were 17.5 mg twice daily for carvedilol and 128 mg
twice daily for metoprolol, with approximately half of each
group requiring the highest dose. Of the overall population
in GEMINI, 456 carvedilol- and 650 metoprolol tartrate-
treated patients had weight measurements at both baseline
and at the 5-month endpoint (with last observation carried
forward data); these patients form the basis for the remain-
der of this report.

In the patients analyzed for weight change in this study,
the mean (=SD) baseline weight was 97.5 (+20.1) kg in the

weight gain from baseline of 1.19 (£0.16) kg (95% (I,
0.87-1.50; P < .001). In contrast, carvedilol-treated patients
had no significant mean change from baseline (0.17 [=0.19]
kg; 95% CI, —0.20 to 0.53; P = .36). The difference in
mean weight change from baseline between the carvedilol-
and metoprolol tartrate-treated groups is shown in Figure 1.

The percentage of responders within each of the 4 spec-
ified weight change groups, along with their odds ratios
(ORs) and 95% CIs during the 5-month treatment period,
are shown in Table 1. Although the numbers of patients in
these groups were small, significantly more patients ran-
domized to metoprolol tartrate (4.5%) experienced signifi-
cant (=7% body weight) weight gain as compared to carv-
edilol (1.1%) (carvedilol vs metoprolol OR = 0.26, 95% ClI,
0.10-0.67; P =.006), and carvedilol was more likely than
metoprolol to reduce weight as opposed to causing an in-
crease in weight (carvedilol vs metoprolol OR = 1.43, 95%
CI, 1.12-1.83; P =.005).
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Figure 2  Carvedilol vs metoprolol tartrate: treatment-by-quar-

tile interaction. The difference in weight change between carve-
dilol and metoprolol tartrate treatment was greatest in the 2 highest
baseline weight quartiles. (P values for difference in weight by
quartiles: Quartile 1: P =.13, Quartile 2: P =.37, Quartile 3: P
=.06, Quartile 4: P <.0001) The difference in weight change was
greatest between carvedilol and metoprolol tartrate treatment in
patients in the fourth quartile (P <.0001).
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Table 2 Weight Change Analysis Using Baseline Weight Quartiles as Covariate
Carvedilol vs Metoprolol
Adjusted Mean* Adjusted Mean* Month 5 Change from Treatment Difference
Quartile (n) Baseline Weight (kg) Weight (kg) Baseline (P Value)
Carvedilol 1 (108) 74.6 75 0.3 —0.6 (P = .13)
Metoprolol 1 (170) 73.4 74.3 0.9
Carvedilol 2 (120) 88.4 89.1 0.6 —0.4 (P = .37)
Metoprolol 2 (154) 89.1 90.0 1.0
Carvedilol 3 (108) 102.2 102.5 0.3 —0.9 (P = .06)
Metoprolol 3 (168) 102.0 103.2 1.2
Carvedilol 4 (119) 124.0 123.5 —0.4 —2.2 (P <.0001)
Metoprolol 4 (157) 124.1 126 1.8

*Adjusted mean (or least squares mean).

Most of the weight gain observed in the metoprolol
tartrate group occurred in patients with the greatest baseline
body weight (Figure 2). Patients in the metoprolol tartrate
group showed progressive weight gains in the first through
the third quartiles (baseline weight 49.7-109.3 kg). Fourth-
quartile metoprolol tartrate-treated patients (baseline weight
>109.3-173.3 kg) showed a statistically significant differ-
ence in weight gain from comparable carvedilol-treated
patients. When weight quartile at baseline was controlled
for as a covariate, the treatment difference in weight gain
was significant in the fourth quartile (Figure 2; Table 2).

Similar results were obtained by analyzing weight
change in terms of baseline National Institutes of Health
BMI categories: normal (18.5-24.9 kg/mz), overweight (25-
29.9 kg/m?), obese (30-39.9 kg/m?), and extremely (mor-
bidly) obese (>40 kg/mz) (Table 3).° Metoprolol tartrate-
treated patients with BMI >30 kg/m® had a statistically
significant greater body weight gain than comparable carve-
dilol-treated patients. The difference in weight change be-
tween carvedilol and metoprolol tartrate became greater
with increasing BMI category, with patients in the over-
weight, obese, and morbidly obese categories having a treat-
ment difference (carvedilol vs metoprolol) of 0.82 (95% CI,
—1.16 to 0.00, P =.04), —0.90 (95% CI, —1.5to —0.3; P

=.002), and —1.84 (95% CI, —2.9 to —0.8, P =.001),
respectively. The analysis of mean weight change from
baseline using BMI as a covariate was performed and the
findings were consistent with the findings of the original
analysis.

Pairwise correlation analyses showed no statistically sig-
nificant associations between change from baseline in body
weight and change from baseline in HbA,,, HOMA-IR,
systolic blood pressure, or diastolic blood pressure.

The use of insulin at baseline had an effect on weight
change. The treatment-by-insulin interaction was significant
(P =.03), suggesting a different treatment effect across the
2 subgroups (with and without baseline insulin use) with
respect to weight change. For the subjects on insulin therapy
at baseline (8% in each group), there was no significant
difference in weight gain between the treatment groups
(carvedilol vs metoprolol tartrate, P =.24). However, for
the majority of patients who were not on insulin therapy at
baseline, there was a significant difference in weight change
from baseline (carvedilol vs metoprolol) (—1.15 [%£0.22]
kg, 95% CI, —1.59 to —0.72; P <.0001).

To determine if weight gain was due to fluid retention,
we investigated BMI at baseline and end of therapy and
diuretic use. Mean BMI at baseline was 33.5 kg/m? in the

Table 3  Weight Change Using Baseline BMI Category as Covariate*
Carvedilol vs Metoprolol
Mean* Baseline Mean* Month-5 Change from Treatment Difference (95% (I,
Baseline BMI Class (n) Weight (kg) Weight (kg) Baseline P Value)
Carvedilol Normal (24) 66.8 69.1 0.27 —0.90 (—2.8 to 1.0, P = .358)
Metoprolol ~ Normal (26) 63.3 64.5 1.17
Carvedilol Overweight (120) 82.6 82.6 —0.04 —0.83 (—1.6 to 0.0, P = .044)
Metoprolol  Overweight (179) 82.0 82.8 0.78
Carvedilol Obese (245) 100.7 100.8 0.15 —0.90 (—1.5 to —0.3, P = .002)
Metoprolol ~ Obese (344) 99.2 100.3 1.05
Carvedilol Morbidly obese (66) 123.0 123.5 0.51 —1.84 (—2.9 to —0.8, P = .001)
Metoprolol ~ Morbidly obese (100) 121.5 123.9 2.35

BMI = body mass index.
BMI was not calculated for 2 patients as either height or weight was not recorded at baseline.

*Adjusted mean (or least squares mean).



614

The American Journal of Medicine, Vol 120, No 7, July 2007

carvedilol group and 33.7 kg/m” in the metoprolol group.
BMI at the end of the study was 33.5 kg/m? in the carvedilol
group and 34 kg/m? in the metoprolol group. Change from
baseline was —0.01 in the carvedilol group and +0.33 in the
metoprolol group. We did not test this treatment difference
for significance since it was not part of the original analysis
plan. While the difference is not large, the BMI numbers
trend in the same direction as the weight numbers. The BMI
comparison in addition to a similar percentage of patients
requiring a diuretic during the study (due to edema) assures
that the weight gain was not due to fluid retention. It is
possible that the doses of the medications used would im-
pact exercise tolerance, however the doses were titrated to
blood pressure and therefore, we believe, are ones that
would commonly be used in practice.

DISCUSSION

In this analysis of the GEMINI trial, we determined the
impact of carvedilol and metoprolol tartrate therapy on
weight change in a population of patients with diabetes and
hypertension. These data suggest favorable effects on
weight associated with carvedilol in comparison to meto-
prolol tartrate. Patients randomized to metoprolol tartrate
had significantly greater weight gain than those receiving
carvedilol, and significantly more patients on metoprolol
had a clinically significant weight gain (=7% of their body
weight). The difference in weight change between carve-
dilol and metoprolol became greater with increasing base-
line weight or BMI category. That is, metoprolol tartrate
tended to exacerbate weight gain in patients who were
already overweight or obese, while carvedilol had no sig-
nificant effect. It is important to note that most patients
randomized in GEMINI (mean BMI of 34 kg/mz) would be
considered overweight or obese at the time of enrollment
according to the criteria of the National Institutes of
Health.® Eighty percent were overweight or obese, 15%
were extremely (morbidly) obese, and only 5% were
normal.

Increased body weight is a clinical problem in the vast
majority of patients with hypertension and in almost all
patients with type 2 diabetes and hypertension. Drugs that
either promote weight gain or make it difficult for patients
to lose weight are, therefore, of concern in this population.
B-blocker use has been linked to body fat accumulation and
increased body weight. A systematic analysis was per-
formed on 8 randomized controlled hypertension trials in-
volving 7048 patients (3205 receiving B-blocker therapy),
who were followed over a period ranging from 6 months to
10 years." Both first- and second-generation B-blockers
were included (propranolol, metoprolol, and atenolol). The
analysis reported a greater average weight gain of 1.2 kg in
B-blocker-treated patients compared to control subjects,
with most of the weight gain occurring within the first few
months of starting therapy.

We found no significant linear associations between
body weight gain and changes from baseline levels in sys-

tolic blood pressure, diastolic blood pressure, glycemic con-
trol (HbA ), or insulin resistance (HOMA-IR). This lack of
association between insulin sensitivity and body weight
appears to be at variance with the well-established connec-
tion between insulin resistance and obesity,'*!! as well as
with the generally recognized link between obesity and type
2 diabetes.'*' For example, the San Antonio Heart Study
reported waist/hip ratios of insulin-resistant persons to be
15% greater than control subjects.'* Although most individ-
uals with a BMI =30 kg/m? have some degree of insulin
resistance and postprandial hyperinsulinemia, our failure to
observe this association may have been due to the broad
range of insulin sensitivities that exist at any given level of
body weight and the variations that occur in insulin sensi-
tivity within the obese population.'> We also should con-
sider that a study duration of only 5 months may not be long
enough to allow the changes in insulin resistance to translate
into weight changes.

The pathophysiologic mechanism underlying the differ-
ence in weight gain with the 2 3-blockers is unclear. It is
possible that carvedilol may have an effect on leptin release
through its a-blocking effect that is not shared by other
B-blockers. a;-Blockade with doxazosin has been demon-
strated to decrease leptin levels as well as insulin resistance
in obese hypertensive patients.'® Although leptin levels
were not measured in our study, elevated leptin levels are
known to be associated with obesity.'” Additionally, al-
though the exact benefit of the antioxidant properties of
carvedilol have yet to be elucidated, it has been shown that
oxidative stress is increased in obesity and correlates with
serum leptin levels and BML'® Studies have shown that
obesity is highly associated with states of oxidative stress
and low-grade inflammation, suggesting that oxidative
stress may play a role in obesity and lowering oxidative
stress may decrease obesity.'

Regardless of the mechanism of weight change associ-
ated with these B-blockers, the importance of weight main-
tenance should not be underemphasized. Obesity is an in-
dependent risk factor for cardiovascular disease, and
patients with diabetes are often overweight.?® A recent ed-
itorial by Drs. Festa and Haffner noted that intensive insulin
therapy aimed at decreasing HbA . levels is likely to im-
prove cardiovascular disease, but attention needs to be paid
to limiting weight gain. Limiting weight gain is not an easy
goal from the clinical standpoint. From an individual pa-
tient’s point of view, as well as from a public health care
perspective, any intensive treatment regimen aiming at strict
glycometabolic control needs to be balanced and measured
against any potential adverse effect on weight. Drs. Festa
and Haffner conclude, “It is likely that patients with diabe-
tes, both type 1 and type 2, will benefit most from intensive
[antiglycemic] treatment, if at the same time they can avoid
weight gain or even lose weight as a result of the treat-
ment.”?! The results of this analysis of GEMINI suggest
that in patients who are not on insulin therapy, there appears
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to be more risk of weight gain associated with metoprolol
tartrate.

There are limitations to this analysis. Although these
analyses of the data from GEMINI suggest favorable effects
on weight associated with carvedilol in comparison to meto-
prolol, they are exploratory. The GEMINI trial was not
designed and powered to detect differences in weight
changes or in weight gain. The weight change analysis
involving baseline quartiles, baseline BMI categories, and
the weight gain analyses were all defined post-hoc, and the
study was not stratified by these characteristics. In addition,
there was no adjustment for multiplicity in the analyses (that
is, no adjustment of the alpha level to account for all the
multiple analyses performed in this report). These are all ad
hoc analyses of a secondary efficacy variable. The results
reported in this paper are indicative and not conclusive of
the effect of carvedilol and metoprolol on weight loss. Other
suitably designed studies are needed for confirmation.

CONCLUSIONS

The GEMINI study found that carvedilol produced no sig-
nificant change in HbA, . and significantly reduced
HOMA-IR in hypertensive patients with type 2 diabetes
compared with metoprolol tartrate. Metoprolol tartrate led
to a significant increase in body weight over 5 months
compared with carvedilol. The greatest difference in weight
gain between the 2 (-blockers occurred in the most over-
weight patients and in those not treated with insulin.
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