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OBJECTIVE —Identify determinants of weight gain in people with type 2 diabetes mellitus
(T2DM) allocated to intensive versus standard glycemic control in the Action to Control Car-
diovascular Risk in Diabetes (ACCORD) trial.

RESEARCH DESIGN AND METHODS — e studied determinants of weight gain over 2
years in 8,929 participants (4,425 intensive arm and 4,504 standard arm) with T2DM in the
ACCORD trial. We used general linear models to examine the association between each baseline
characteristic and weight change at the 2-year visit. We fit a linear regression of change in weight
and A1C and used general linear models to examine the association between each medication at
baseline and weight change at the 2-year visit, stratified by glycemia allocation.

RESULTS —There was significantly more weight gain in the intensive glycemia arm of the trial
compared with the standard arm (3.0 = 7.0 vs. 0.3 = 6.3 kg). On multivariate analysis, younger
age, male sex, Asian race, no smoking history, high A1C, baseline BMI of 25-35, high waist
circumference, baseline insulin use, and baseline metformin use were independently associated
with weight gain over 2 years. Reduction of A1C from baseline was consistently associated with
weight gain only when baseline A1C was elevated. Medication usage accounted for <15% of the
variability of weight change, with initiation of thiazolidinedione (TZD) use the most prominent
factor. Intensive participants who never took insulin or a TZD had an average weight loss of
2.9 kg during the first 2 years of the trial. In contrast, intensive participants who had never
previously used insulin or TZD but began this combination after enrolling in the ACCORD trial
had a weight gain of 4.6-5.3 kg at 2 years.

CONCLUSIONS —Weight gain in ACCORD was greater with intensive than with standard
treatment and generally associated with reduction of A1C from elevated baseline values. Initia-
tion of TZD and/or insulin therapy was the most important medication-related factor associated
with weight gain.
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eight gain is a well-known conse-

quence of the intensive treatment

of type 2 diabetes mellitus
(T2DM) (1). However, the definition of
intensive therapy varies, and no studies
have attempted near-normal glycemia,
as in the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial. Fur-
thermore, some currently available thera-
pies have a greater effect on weight,
although the key determinants of weight
gain in relation to intensive therapy re-
main unclear. Therefore, data from this
trial could give us insight into the deter-
minants of weight gain with intensive
therapy.

The ACCORD trial randomized
10,251 people with type 2 diabetes and
other cardiovascular risk factors to one of
two glycemic targets: 1) an intensive A1C
target of <6.0%; or 2) a standard target of
between 7 and 7.9% (2). Participants
were followed for amean of 3.5 years until
the intervention was stopped due to in-
creased mortality in the intensive group.
During this follow-up period, weight was
measured regularly, and participants in
the intensive group experienced greater
weight gain than participants in the stan-
dard group. The data collected in the
ACCORD trial provide an opportunity
to identify determinants of weight gain in
people with T2DM allocated to intensive
versus standard glycemic control and to as-
sess the relationship between changes in
glycemic control and changes in weight.

The main outcomes of the ACCORD
trial were previously reported (2). We
present results on 8,929 participants
(4,425 randomized to the intensive arm
and 4,504 to the standard arm) with
valid data at baseline and at least 2 years
of follow-up. Participants who were not
included did not have weights or with-
drew or died during the first 2 years. In
this analysis, we focus on weight gain as
the dependent variable and describe the
time course of weight change, its relation-
ship to baseline characteristics and allo-
cated treatment arm (intensive and
standard), and its relationship to the
postrandomization change in glycemic
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control (A1C) and use of glucose-lowering
medications.

We posed several questions regarding
potential causes of weight gain during the
first 2 years of the trial, and the differences
in weight gain experienced by the two
allocated groups. First, was weight gain
explained by the baseline characteristics
(including prior medications)? Second,
was weight gain explained by the change
in A1C? Third, was weight gain explained
by postrandomization medication use?
Finally, were the factors that led to the
change in weight the same in the intensive
and standard groups?

RESEARCH DESIGN AND
METHODS

Study design and participants

The ACCORD trial design, inclusion cri-
teria, subject characteristics, and main
results have been previously published
(2). The ACCORD trial was designed to
determine whether cardiovascular event
rates in T2DM could be reduced through
intensive glycemic control, intensive
blood pressure control, and lipid manage-
ment targeting triglycerides and HDL
cholesterol in addition to LDL choles-
terol. Each participant was randomized
to either intensive (A1C goal <6.0%) or
standard (A1C goal 7.0-7.9%) glycemic
control and was assigned to either the
blood pressure trial (intensive vs. stan-
dard arm) or the lipid trial (statin alone
vs. statin plus fenofibrate).

This article represents a post hoc
analysis of data available for ACCORD
participants in both glycemia arms who
completed at least 2 years of follow-up in
the trial and had weight and A1C data
available at the end of 2 years. Since most
of weight gain occurred in the first 2
years, we focused our evaluation on this
period. Furthermore, we have presented
results from >90% of participants in the
trial. At the time of discontinuation of the
glycemic arm of the trial (and stopping
intensive treatment), a large proportion
of participants had not completed 3 years
in the trial.

Weight measurements were obtained
at every scheduled clinic visit (every 2
months in the intensive arm and every 4
months in the standard arm). Weight mea-
surement of participants in the ACCORD
trial was standardized by the use of high-
quality scales in the clinics with a firm,
flat surface and a zeroing system, weigh-
ing participants with minimal clothing
and without shoes, and with weight

distributed over both feet as evenly as
possible. Weight was recorded in the
ACCORD database only at 4-month in-
tervals. Our analyses are constrained to
data registered in the database. Informa-
tion on baseline demographics, clinical
characteristics, treatment, and treatment
changes was obtained from the ACCORD
trial database.

Statistical analysis

Baseline characteristics. We used gen-
eral linear models to examine the associ-
ation between each baseline characteristic
and weight change at the 2-year visit. For
continuous variables, we report the esti-
mated slope and for categorical variables
the least square means. We then added
the glycemia randomization arm and in-
cluded an interaction term between the
baseline characteristic and glycemia arm.
Change in A1C. To examine the rela-
tionship between the 1- and 2-year
change in weight and change in A1C, we
first fit a linear regression of these changes
from baseline to year 1 by each arm. We
chose to do this analysis at the end of the
first year because most of the changes in
A1C occurred in the first year. We exam-
ined this relationship by tertiles of base-
line A1C.

Medications. To examine the effect of
medications on weight change, we consid-
ered both baseline and postrandomization
medication use. For all analyses, each
medication except insulin was represented
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as an indicator regardless of dosing. Insulin
was represented as units per kilogram of
body weight.

We used general linear models to
examine the association between each
medication at baseline and weight change
at the 1- and 2-year visits. Due to signif-
icant interactions between the effects of
medication by arm, all further analyses
were performed separately by glycemia
arm. We limited our analyses of medica-
tions to those that had a significant effect
(P < 0.05) on weight change both at base-
line and postrandomization.

We then fit a modified R* model de-
scribed by Edwards et al. (3), which al-
lows the direct comparison of the
predictive effects of time-varying varia-
bles on an outcome measured at repeated
time points. We used separate models for
intensive and standard glycemia with the
following predictors: baseline medications,
baseline Al1C, on-study medication,
change in A1C and time interactions at
4-month intervals modeling the change in
weight, at 4-month intervals. To determine
whether the effects of the medication were
different during the first and second years,
we further stratified the analysis by first and
second year. We considered all data avail-
able regardless of length of participation
within the study.

To estimate the on-trial effects of
medication, we fit separate repeated-
measures linear models for standard and
intensive arms with time-dependent
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Figure 1—Time course of weight gain in the ACCORD trial by treatment allocation.
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Weight gain in the ACCORD trial

covariates in which the dependent
variable is change in weight measured at
4-month intervals through year 2. All
models began with indicators for medica-
tion use at baseline. Since there were
significant levels of interaction between
the effects of on-study medication and use
prior to study entry, we created combina-
tions of patterns of each medication the
baseline and on-study medications for
each arm. This approach facilitated anal-
ysis of the effect of medications that were
not used at baseline but started during the
trial. For this analysis, insulin was catego-
rized as on or off, regardless of dose or
type. We report the least square means for
each medication combination.

RESULTS —As previously described
(2), there was significantly more weight
gain in the intensive glycemia arm of the
trial compared with the standard arm.
The first 2 years accounted for approxi-
mately two-thirds of average weight gain.
At the end of the second year, the average
(% SD) weight gain was 3.0 (£ 7.0) kg in
the intensive arm. The pace of weight gain
slowed thereafter. Weight gain in the
standard arm was not only more modest
but also did not continue beyond 24
months. Figure 1 illustrates the time
course of the weight gain over the dura-
tion of the trial in both the intensive and
standard groups.

Association of weight changes with
baseline characteristics

By univariate analysis (Table 1), the base-
line characteristics of participants associ-
ated with increase in weight at 2 years in
both glycemia arms were decreasing age,
male sex, living with another person,
smoking history, baseline A1C >8.5,
high baseline BMI, race, high blood pres-
sure, impaired renal function, low HDL
cholesterol in males, high triglycerides,
baseline insulin use, baseline metformin
use, and not using diuretics. On multivar-
iate analysis, younger age, male sex, Asian
race, no smoking history, high A1C, BMI
of 25-35, high waist circumference, insu-
lin use, and metformin use were indepen-
dently associated with weight gain over
2 years.

While most of the weight change
occurred during the first 2 years, univariate
analysis (Supplementary Table 1) demon-
strates that the baseline characteristics of
participants associated with increase in
weight from years 2-6 were younger age,
diastolic blood pressure, HDL in females,
metformin, and sulfonylurea use.

Table 1—Baseline characteristics associated with weight gain at 2 years in both glycemia

arms

Regression Least square

Baseline characteristic estimate means P value
Age —0.13 <0.0001
Sex <0.0001

Male 1.90

Female 1.20
Race/ethnicity 0.0366

White 1.70

Hispanic 1.70

Black 1.20

Asian 1.40

Other 2.00
Education 0.8951

Less than high school 1.70

High school graduate 1.70

Some college 1.60

College graduate 1.60
Live alone 0.0037

Yes 1.20

No 1.70
Smoking 0.0132

Never 1.60

Past 1.50

Present 2.10
Alcohol 0.5168

None 1.70

One drink per

week or more 1.60

Secondary 0.0098

Primary 1.50

Secondary 1.90
AlC 0.93 <0.0001
AIC category <0.0001

7.5-8.5 1.00

<75 0.70

>8.5 3.10
Blood glucose 0.02 <0.0001
Duration of diabetes 0.00 0.6594
BMI —0.04 0.0024
BMI category 0.0261

<25 2.10

25-30 1.80

30-35 1.60

35-40 1.50

40+ 1.10
Waist circumference 0.01 0.2166
Systolic blood pressure —0.01 0.0030
Diastolic blood pressure 0.02 0.0002
MDRD-estimated GFR 0.01 0.0003
LDL 0.00 0.9058
HDL females 0.01 0.5286
HDL males —0.02 0.0307
Total cholesterol 0.00 0.1806
Triglyceride category 0.0002

<150 1.40

150-499 1.80

Continued on p. 2165
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Table 1—Continued

Regression Least square

Baseline characteristic estimate means P value
=500 2.90

Insulin 0.0071
No 1.50
Yes 1.90

TZD 0.2842
No 1.70
Yes 1.50

Metformin <0.0001
No 1.00
Yes 2.00

Sulfonylureas 0.5005
No 1.70
Yes 1.60

B-Blockers 0.9225
No 1.60
Yes 1.60

Calcium channel blocker 0.8111
No 1.60
Yes 1.60

Diuretics 0.0050
No 1.80
Yes 1.40

CCN <0.0001

CCN, Clinical Center Network; GFR, glomerular filtration rate; MDRD, Modification of Diet in Renal Disease.

Change of A1C. The relationship be-
tween the baseline and postrandomiza-
tion A1C and change in weight differed
by glycemia arm (Supplementary Table
2). Overall, the relationship between
change in A1C and change in weight for
those allocated to intensive glucose con-
trol was statistically significant (P <
0.001) with a fall in A1C associated
with weight gain. In the intensive treat-
ment arm, decreased A1C (when defined
as a decrease of 0.5% in A1C from base-
line) and weight gain occurred in 59.9%
of participants, whereas weight loss and
decreased A1C occurred in 28.8% of par-
ticipants. Few intensive participants ex-
perienced weight gain and increased
A1C. In only 6% of intensive participants
did weight gain occur without any
change in A1C.

Figure 2 plots the relationship of
change in weight with change in A1C
over the first year by glycemia arm strati-
fied by the baseline A1C categorized into
thirds. In both treatment arms, partici-
pants with the highest baseline A1C on
average gained weight with improvement
in A1C. In contrast, when A1C was
<7.8% at baseline, a drop in A1C during
treatment was associated with a decrease
in weight in both arms.

Medications and weight gain during
treatment. Supplementary Table 3 sum-
marizes the relationships between various
medication-related factors and weight
gain. The overall change in weight due
to medication use accounted for <15%
of the variability in any of the models.
The glucose-lowering medications that
had the most effect on weight gain were
insulin, TZDs (mainly rosiglitazone), and
metformin (Tables 2 and 3). The medica-
tions taken at baseline and follow-up and
change in A1C explain 6 and 14% of the
variability in the weight change from
baseline during the first year 1, in the
standard and intensive arms, respec-
tively, and 10 and 12% of the variability
in weight change during the second year,
respectively.

The effects of insulin and TZD were
not the same when considered in a linear
mixed model. Therefore, we redefined
TZD and insulin use in the following
classification for both models in the stan-
dard and intensive arms. Table 3 summa-
rizes the weight changes during use of
various TZD/insulin combinations and
metformin in the intensive group in the
trial. There was a significant increase in
weight (1.4 to 6.3 kg). These changes in
weight with this combination were more
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marked in participants in the intensive
arm of the trial.

Intensive participants who never took
insulin or a TZD (n = 95) had an average
weight loss of 2.9 kg during the first 2
years of the trial. In contrast, intensive
participants who had never previously
used insulin or TZD but began this com-
bination at some time after enrolling in
the ACCORD trial had a weight gain of
4.6 to 5.3 kg at 2 years. For participants
who entered the ACCORD trial on met-
formin, were enrolled in the intensive
arm, and began taking both a TZD and
insulin over the first 2 years of the trial,
the mean weight gain at 2 years was 4.9 kg.

Metformin use was significantly asso-
ciated with weight change in participants
in the intensive arm of the trial only.
Participants in the intensive arm of the
trial who never used metformin (n = 244)
had a mean weight gain of 2.7 kg. Partic-
ipants who entered the trial on metformin
and continued (n = 2,784) gained an av-
erage of 1.9 kg, and those who had met-
formin added during the trial (n = 1,588)
gained an average of 0.7 kg (P < 0.001 for
effect). There was no interaction effect be-
tween the TZD/insulin combinations and
metformin use.

CONCLUSIONS —Weight gain with
intensive glycemia treatment was reported
in the main ACCORD trial results paper
(2). We report in this paper a description
of the time course of weight changes in
the ACCORD trial, along with baseline
characteristics and medications and
changes in A1C that were associated
with changes in body weight following in-
stitution of intensive glycemic therapy in
participants with type 2 diabetes. No sin-
gle factor was strongly associated with,
and potentially responsible for, the change
in weight in each group. The models we
tested explain only about 15% of the var-
iability in body weight gain over the first 2
years of the trial.

In both treatment arms, participants
with the highest baseline A1C gained
weight with improvement in AIC. In
contrast, when A1C was lower than
7.8% at baseline, a drop in A1C during
treatment was associated with a decrease
in weight in both arms. However, the
degree of both A1C decline and weight
loss in these participants was relatively
small. Thus, in clinical practice, an at-
tempt to intensify treatment in patients
with a very high A1C is likely to lead to a
significant weight gain. It is unclear
whether the weight gain in such patients
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Figure 2—Plots of change in A1C and change in weight by baseline AI1C. Lines represent the estimated equation from the 5th to 95th percentile for
each combination of baseline A1C and glycemia arm. Solid lines represent intensive arm, and interrupted lines represent standard treatment. Each
treatment group has been divided into tertiles of baseline A1C.

relates just to improvement in glycemia
itself or greater use of insulin and TZD
in patients who have higher baseline
AlCs.

We have presented results from
>90% of participants in the trial. At the
time of discontinuation of the glycemic
arm of the trial (and stopping intensive
treatment), a large proportion of partici-
pants had not completed 3 years in the
trial. Thus, although the data suggest
some continued weight gain beyond 2
years, the number of participants decrea-
ses rapidly over the years. Due to the lack
of power, none of the statistical tests used

Table 2—Weight gain by metformin use

are appropriate for use beyond the 2-year
time point.

Some of the results are not surprising,
particularly the associations of weight
gain with high baseline A1C and insulin
use subsequent to randomization. Simi-
larly, the greatest gain in weight occurred in
participants using combination of insulin
and TZD during the trial. This combination
was used more extensively in the intensive
treatment arm of the trial. Those partici-
pants who used insulin at entry into the
trial tended to gain more weight, perhaps
due to substantial increases in their insulin
dose and/or the addition of a TZD.

Metformin use

Change in A1C during the trial did
not predict weight gain uniformly, sug-
gesting that it is possible to improve
glycemic control without weight gain in
some individuals, perhaps using appro-
priate strategies to change lifestyle (4,5).
Without adjustment for baseline A1C, a
weight gain of 0.65 kg was associated with
each 1% (absolute) reduction of A1C.
However, assessment within treatment
groups and by stratification according
to the A1C at baseline showed in some
circumstances either little change or a de-
crease in weight accompanying reductions
of A1C. This may reflect the success of
strategies to change lifestyle in some partic-
ipants in the intensive arm, some of whom
successfully lost weight while improving
glycemic control.

The medications taken at baseline

Never Started during trial Entered using  and follow-up explain 6 and 14% of the

. variability in the weight change from
Glgengc zrm’ kg () 13 613) 0.5(1.210) 0.9 2.813) baseline during the first year in the stan-
ancar ' B B dard and intensive arms, respectively, and
Intensive 2.9 Q49 1.1(1,588) 2.3 Q2,784 10 and 12% of the variability in weight
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Table 3—Weight gain by insulin and TZD use
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Intensive arm

Standard arm

Insulin use

Insulin use

Never used  Started during trial ~ Entered trial using ~ Never used  Started during trial ~ Entered trial using
TZD use, kg (n)
Never used —2.9(95) 2.4 (80) 1.4 (223) —2.0(1,081) 0.7 (118) 0.0 (875)
Started during trial 1.2 (1,066) 5.1(1,143) 4.1 (1,081) 1.3 (185) 4.6 279) 2.1(522)
Entered trial using 1.2 (185) 3.4 (482) 3.2 (247) 0.0 (469) 2.1(179) —0.8 (262)

change during the second year, respec-
tively. Of interest, during the first year of
treatment, variability in the subjects’
baseline medications and baseline A1C
account for almost all (88%) of the
change in weight in the intensive arm
but less than half of the weight change
in the standard arm. Overall, TZD use
accounted for a much higher percent of
variability in weight in the intensive
than the standard arm. This difference
may relate to a greater use of TZDs in
the intensive compared with the standard
arm. It should also be noted that the over-
all amount of variability explained by
medication use after randomization was
relatively modest, never accounting for
>15% of the variability in any of the
models. However, in clinical practice,
what matters most is the net effect on
weight. Our data suggest that intensive
therapy will probably cause weight gain
(unless appropriate lifestyle interven-
tions are instituted), and weight gain is
likely to be maximal when the intensive
therapy consists of a TZD-plus-insulin
combination.

Metformin use at baseline was asso-
ciated with weight gain during the trial
compared with those who did not enter
the trial on metformin. This may relate to
the known effect of metformin to decrease
body weight, which may have already
occurred with maximal effect prior to
entry into the study. In contrast, we
were unable to observe an effect of met-
formin on attenuation of weight gain
when used in conjunction with insulin,
as has been seen in other studies (6,7).
Lack of attenuation of insulin-induced
weight gain by metformin has been ob-
served in other studies (8), although these
analyses may have been confounded by
differences in doses of insulin used be-
tween those using or not using metfor-
min. Furthermore, the A1C goals in
these other trials may have been higher
than in ACCORD, leading to less uptitra-
tion of insulin.

It is important to recognize that while
we examined the relationship between
the insulin dose (units per kilogram) and
body-weight change, we did not do such
an analysis for other medications. This is
due to the wide range of doses used in
insulin titration, whereas dose titration
with oral medications were usually two to
three steps only and included both in-
creases and decreases in dose.

The physiologic mechanisms under-
lying weight gain in this study are not
clarified by our analyses. Other studies
have suggested that several factors are
involved, including a reduction in glycos-
uria and thus retention of calories other-
wise lost, changes in food intake, or
changes in energy expenditure (9-13).
In addition, insulin is known to be an an-
abolic hormone that also has some effects
on weight regulation via the central ner-
vous system, and TZDs have effects on
adipogenesis. Drugs that have a lower
propensity to cause weight gain or even
weight loss, such as those affecting the
incretin system or insulin detemir, were
used only in a small proportion of partic-
ipants in the ACCORD trial and for a rel-
atively short duration, as they were not
available at the start of the trial.

There are several limitations of our
analysis. First, it was retrospective and
not prespecified. Second, we could only
include data on participants who had
weight data available at 2 years and
excluded those whose weight was not
recorded or who had died or withdrawn
from the study. Unfortunately, lifestyle
changes were not quantified in the trial.
All patients were advised regarding life-
style changes according to American Di-
abetes Association guidelines, with
varying degrees of compliance. We also
did not assess factors associated with
weight gain beyond the first 2 years in
the trial, due to the fact that a large
proportion of patients had not completed
=3 years in the trial at the time of discon-
tinuation of intensive treatment. We have

included the baseline factors associated
with weight gain during years 2—6 (Sup-
plementary Table 1), although because of
the diminishing number of patients, these
data should be interpreted cautiously.

In summary, we have identified and
characterized many features associated
with weight gain with intensification of
glycemic control. On multivariate anal-
ysis, younger age, male sex, Asian race, no
smoking history, high A1C, BMI of 25—
35, high waist circumference, insulin use,
and metformin use at baseline were inde-
pendently associated with weight gain
over 2 years. Following randomization,
the intensive group participants with the
greatest reduction in A1C gained the most
weight. Insulin and TZD use was associ-
ated with the greatest weight gain. How-
ever, all of these factors explain only a
small proportion of the weight gain. Nev-
ertheless, appreciation of these character-
istics may help develop strategies to
prevent weight gain when initiating inten-
sive glycemic control in the future.
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