
ORIGINAL RESEARCH

The Effects of Treatment on Body Mass Index in Giant
Cell Arteritis: A Post Hoc Analysis of the GiACTA Trial

Naomi J. Patel . Xiaoqing Fu . Yuqing Zhang . Sebastian H. Unizony .

Zachary S. Wallace . Hyon K. Choi . John H. Stone

Received: September 20, 2021 /Accepted: November 30, 2021 / Published online: December 25, 2021
� The Author(s) 2021

ABSTRACT

Introduction: Giant cell arteritis (GCA) requires
treatment with high-dose, long-term glucocor-
ticoids (GCs), and tocilizumab is often used
early in the treatment paradigm. Weight gain,
which is associated with morbidity and mor-
tality, is a major concern for patients, though
the factors that contribute to changes in body
mass index (BMI) throughout the treatment of
GCA are poorly understood.
Methods: We analyzed GCA patients enrolled
in the GiACTA (Tocilizumab in Giant Cell
Arteritis) trial. We used univariable and multi-
variable mixed-effects modeling to examine the
association between changes in BMI and
cumulative GC dose, disease status at baseline
(newly diagnosed versus relapsing), randomiza-
tion to tocilizumab, and disease flares.
Results: A total of 250 patients were included
(75% females, mean age 69 years). The mean ±

SD BMI change over 52 weeks was

1.18 ± 1.98 kg/m2. On multivariable analysis,
cumulative prednisone dose at 52 weeks was
independently associated with BMI increase
(b = 0.94 kg/m2 for 0–1 g exposure; b = 1.40 kg/
m2 for C 4 g exposure; p for trend\0.001).
Relapsing disease at baseline (b = - 0.42 kg/m2

compared to those with newly diagnosed dis-
ease; p = 0.002) and flares over 52 weeks in
newly diagnosed patients (b = - 0.18 kg/m2 per
flare; p = 0.03) were independently associated
with lower BMI increase.
Conclusions: Cumulative prednisone exposure
is associated with increased BMI in GCA
patients. In those with newly diagnosed disease,
effective disease control regardless of the treat-
ment used also contributes to BMI increase.
Modest weight gain may be an indicator of
adequate treatment response.
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Key Summary Points

Why carry out this study?

Weight gain is associated with morbidity
and mortality and is a major concern for
patients receiving glucocorticoids for
treatment of rheumatic disease.

We aimed to identify factors associated
with changes in body mass index (BMI) in
patients with giant cell arteritis over the
52-week Trial of Tocilizumab in Giant Cell
Arteritis, in which patients were
randomized to tocilizumab and
glucocorticoids or glucocorticoids alone,
and to determine whether tocilizumab
affects the relationship between
glucocorticoid dose and change in BMI.

We hypothesized that cumulative
glucocorticoid exposure would be
positively associated with change in BMI
and that disease activity or flares would be
negatively associated with change in BMI.

What was learned from the study?

On multivariable adjusted analyses, we
found that cumulative prednisone dose
over 52 weeks was independently
associated with BMI increase (b = 0.94 kg/
m2 for 0–1 g exposure; b = 1.40 kg/m2 for
C 4 g exposure; p for trend\0.001) while
relapsing disease at baseline (b = - 0.42
kg/m2 compared to those with newly
diagnosed disease; p = 0.002) and flares
over 52 weeks in newly diagnosed patients
(b = - 0.18 kg/m2 per flare; p = 0.03) were
independently associated with lower BMI
increase.

Cumulative glucocorticoid exposure over
52 weeks is significantly associated with
change in BMI though effective disease
control also contributes to BMI increase in
patients with newly diagnosed giant cell
arteritis.

A modest increase in BMI may actually be
an indicator of effective disease control
regardless of treatment regimen.

INTRODUCTION

Giant cell arteritis (GCA) is a form of large vessel
vasculitis characterized by granulomatous
inflammation and giant cell formation. It clas-
sically affects the temporal arteries but can also
involve larger vessels, including the aorta and
primary aortic branches. Until recently, there
was no alternative treatment to long-term,
high-dose glucocorticoid (GC) tapers. GCs are
associated with numerous toxicities, one of
which—weight gain—is an especially important
concern for patients and can affect medication
adherence [1–3]. Moreover, weight gain has also
been associated with increased morbidity and
mortality [4, 5]. Thus, identifying factors asso-
ciated with change in body mass index (BMI)
during the treatment of chronic inflammatory
disease is important to inform care and help to
address patient expectations.

Several studies have evaluated the effects of
biologic immunosuppressants and GCs on
weight gain in other rheumatic diseases, par-
ticularly anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV) and
rheumatoid arthritis [6–8]. These studies have
demonstrated associations between disease
activity, newly diagnosed as opposed to relaps-
ing disease, and specific treatments and changes
in weight or BMI [6–8]. However, results have
been mixed in regard to the relationship of
cumulative GC dose with weight gain and BMI
change. To date, no study has analyzed the
impact of treatment on weight or BMI change
in GCA. While GCs remain central to the
treatment of GCA, tocilizumab, an interleukin-
6 receptor (IL-6R) blocker, is now frequently
used as a steroid-sparing agent for remission
maintenance [9]. As randomized controlled tri-
als have demonstrated that tocilizumab spares
the use of GCs, the effect of tocilizumab on
changes in BMI is of particular interest in GCA
[9].

We analyzed data from the Trial of Tocili-
zumab in Giant Cell Arteritis (GiACTA), a ran-
domized, double-blind, placebo-controlled trial
in which patients with either newly diagnosed
or relapsing GCA received treatment with either
prednisone alone or prednisone in combination
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with tocilizumab [9]. We aimed to evaluate
changes in BMI over the 52-week treatment
period to identify factors associated with BMI
change and to determine whether tocilizumab
affects the relationship between GC dose and
BMI change.

METHODS

GiACTA Trial

Details of the GiACTA trial design have been
reported previously [9]. Briefly, GCA patients
50 years of age or older were enrolled. GCA was
diagnosed either by positive temporal artery
biopsy or by imaging demonstrating large-vessel
vasculitis. Patients with either newly diagnosed
or relapsing disease were included. Patients
were randomized to receive either tocilizumab
or placebo in conjunction with a GC taper. The
four randomization groups were: (1) weekly
subcutaneous tocilizumab at a dose of 162 mg
plus a 26-week prednisone taper; (2) subcuta-
neous tocilizumab at a dose of 162 mg every
other week plus a 26-week prednisone taper; (3)
weekly subcutaneous placebo plus a 26-week
prednisone taper; or, (4) weekly subcutaneous
placebo plus a 52-week prednisone taper. The
primary endpoint was sustained—GC-free
remission at 52 weeks. The original clinical trial
(Trial of Tocilizumab in Giant Cell Arteritis) was
approved by the respective Institutional Review
Board at each participating institution and was
conducted in accordance with the Declaration
of Helsinki. Written informed consent was
obtained from all study participants.

Glucocorticoid Assessment

Patients’ cumulative GC exposure after the
baseline visit was assessed at weeks 12, 24, and
52. GCs received before the baseline visit were
not considered in this analysis because those
data were not available. For the purposes of this
study, methylprednisolone doses were con-
verted to the equivalent prednisone dose. The
cumulative dose of prednisone equivalents in
milligrams (mg) was recorded at each time

point for each patient. Baseline prednisone dose
was stratified by greater or less than 30 mg daily.

BMI Assessment

The patient’s weight in kilograms was measured
at baseline and at weeks 24 and 52. Height,
measured at the baseline visit, was assumed to
be stable throughout the trial. BMI was calcu-
lated in kg/m2 at weeks 0, 12, 24, and 52. At
baseline, patients were categorized according to
the World Health Organization definitions of
underweight (BMI\ 18.5 kg/m2), normal
weight (BMI 18.5 to\ 25 kg/m2), overweight
(BMI 25.0 to\ 30 kg/m2), and obese (BMI 30.0
kg/m2 or greater). BMI change throughout the
trial was assessed continuously and categori-
cally as: (1) � 5 kg/m2 decrease, (2)[2
to\5 kg/m2 decrease, (3) 0–2 kg/m2 increase or
decrease, (4) increase of[ 2 to\5 kg/m2, or (5)
increase of � 5 kg/m2. These categories were
chosen as they correspond to item groupings in
the BMI domain of the glucocorticoid toxicity
index (GTI), a clinical trial outcome measure
that quantifies the change in GC toxicity over
time [10]. BMI change was calculated for
patients with available BMI data at weeks 0 and
52 (N = 197) and weeks 0 and 24 (N = 230).
Thus, patients who withdrew from the trial or
did not have any available BMI at week 24 or 52
were excluded from these analyses. In the
mixed-effects models, fixed-effects observations
for which a covariate had missing data were
deleted. Missing data were assumed to be miss-
ing at random, and all available data points
throughout the trial were included in the
models.

Statistical Analysis

Continuous variables were reported as
mean ± standard deviation (SD) or 95% confi-
dence interval (95% CI). Categorical variables
were reported as number (%). Unpaired and
paired student t tests were used to evaluate dif-
ferences in body mass index over time and
between groups of patients. We used a mixed-
effects multiple regression model to estimate
the effect of different factors including
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cumulative glucocorticoid exposure, relapsing
versus newly diagnosed disease at baseline,
randomization to tocilizumab, and disease
flares of disease on changes in BMI over the
52 weeks of the trial in univariable and multi-
variable models. We divided cumulative pred-
nisone exposure into six categories: 0
(reference),[0 to\1 g, C 1 to\ 2 g, C 2
to\3 g, C 3 to\ 4 g, and C 4 g, and tested for
linear trend by entering the median value of
cumulative prednisone from each category into
the regression model. We adjusted for con-
founders for each risk factor under the guidance
of a causal diagram, with variables including
cumulative glucocorticoid dose, flares, ran-
domization to tocilizumab, relapsing disease at
baseline, age, sex, baseline BMI, and baseline
prednisone dose. A Wilcoxon rank-sum test was
used to compare the flares and cumulative
prednisone exposure between different groups.
We used SAS, version 9.4, for all statistical
analyses.

RESULTS

Baseline Cohort Demographics

There were 251 patients enrolled in the GiACTA
trial; one patient withdrew prior to randomiza-
tion and was not included in the analyses. Thus,
250 patients were included in our analyses. The
mean ± SD age was 69 ± 8 years and 187 (75%)
were female (Table 1). The mean ± SD baseline
BMI was 25.9 ± 4.7 kg/m2. A slight majority of
patients (131, 52%) had relapsing disease at
baseline; the remainder had newly diagnosed
disease. Of the 250 patients included, seven
(3%) were classified at baseline as being under-
weight; 115 (46%) as having normal weight; 85
(34%) as being overweight; and 43 (17%) as
obese. The baseline prednisone dose was less
than or equal to 30 mg daily in 129 patients
(52%) and greater than 30 mg daily in 121
patients (48%).

Glucocorticoid Administration During
the Trial

Over the course of the 52-week trial, patients
were treated with a mean ± SD cumulative
prednisone dose of 3077 ± 2577 mg. The
greatest GC exposure occurred during the first
24 weeks of the trial, when patients received a
mean of 1999 ± 1421 mg—approximately two
thirds of their overall GC exposure. Between
weeks 24 and 52, patients received a mean of
1035 ± 1448 mg—approximately one-third of
their overall GC exposure. Patients who were
randomized to tocilizumab received less pred-
nisone than those randomized to prednisone-
only (2191 vs. 4318 mg). Patients with relapsing
and newly diagnosed disease received similar
amounts of prednisone (3006 vs. 3149 mg,
respectively). Patients who experienced disease
flares received more prednisone than those who
did not flare (4732 vs. 1712 mg).

BMI Change During the Study

The mean BMI increased from 25.9 ± 4.7 at
baseline to 27.1 ± 4.9 at 24 weeks, and then

Table 1 Baseline features of the GIACTA cohort

Variable (N = 250) Value

Age, mean (SD) 69 (8)

Female, no (%) 187 (75)

Disease category, no (%)

Newly diagnosed 119 (48)

Relapsing 131 (52)

Body mass index (BMI)

Baseline BMI, mean (SD) 25.9 (4.7)

Underweight, no (%) 7 (3)

Normal weight, no (%) 115 (46)

Overweight, no (%) 85 (34)

Obese, no (%) 43 (17)

Baseline prednisone dose

Less than or equal to 30 mg daily 129 (52)

Greater than 30 mg daily 121 (48)

GiACTA trial of tocilizumab in giant cell arteritis

500 Rheumatol Ther (2022) 9:497–508



remained stable at 27.1 ± 4.5 at 52 weeks
(p = 0.01 for change from 0 to 24 weeks and
p = 0.91 for change from 24 to 52 weeks)
(Fig. 1A). BMI change was most notable over the
first 24 weeks of the study, with patients gaining
a mean of 1.1 ± 1.7 kg/m2 during weeks 0–24.
BMI change from weeks 24 to 52 was
0.0 ± 1.3 kg/m2. Regarding BMI category chan-
ges, 41 (21%) had a decrease in BMI, 97 (49%)
had an increase of 0 to 2 kg/m2, 54 (27%) had
an increase of[2 to 5 kg/m2, and five (3%) had
an increase of[5 kg/m2. Figure 1B demon-
strates the change in BMI status for patients
between 0 and 52 weeks. Between patients with
relapsing versus newly diagnosed disease, more
patients with relapsing disease experienced

decreases in BMI, and fewer patients with
relapsing disease experienced a[2 to\5 kg/
m2 increase in BMI (22 vs. 32%) (p = 0.05 for
differences across all categories) (Table 2).
Patients randomized to tocilizumab had similar
changes across BMI categories compared with
those randomized to prednisone-only (p = 0.91
for differences across all categories) (Table 2).

Factors Associated with BMI Change
on Mixed-Effects Univariable
and Multivariable Analyses

In unadjusted analyses including all patients,
the cumulative prednisone dose over 52 weeks

Fig. 1 Changes in mean body mass index (BMI) (kg/m2)
over time. A Variation in unadjusted mean body mass
index of all patients over 52 weeks; standard error is
included in parentheses. B Sankey plot illustrating the

change in BMI category (underweight: BMI\ 18.5;
normal: BMI 18.5 to\ 25; overweight: BMI 25 to\ 30;
obese: BMI � 30) of patients with available data at both
baseline and week 52

Table 2 Body mass index change from week 0 to 52 by randomization group and disease status at baseline

Relapsing
disease,
N (%)
(N = 100)

Newly
diagnosed
disease, N (%)
(N = 97)

p value Randomized
to tocilizumab,
N (%)
(N = 115)

Randomized to
prednisone-
only,
N (%) (N = 82)

p value

� 5 kg/m2 decrease 0 (0) 0 (0) 0.05 0 (0) 0 (0) 0.91

[ 2 to\ 5 kg/m2 decrease 10 (10) 2 (2) 6 (5) 6 (7)

0–2 kg/m2 increase or

decrease

66 (66) 60 (62) 73 (63) 53 (65)

[ 2 to\ 5 kg/m2 increase 22 (22) 32 (33) 33 (29) 21 (26)

�5 kg/m2 increase 2 (2) 3 (3) 3 (3) 2 (2)
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was associated with an increase in BMI (ranging
from b = 0.94 kg/m2 for 0–1 g exposure to
b = 1.40 kg/m2 for C 4 g exposure; p for
trend\ 0.001) as was relapsing disease
(b = 1.57 kg/m2 compared to those with newly
diagnosed disease; p = 0.01). Neither random-
ization to tocilizumab (b = 0.34 kg/m2 com-
pared to prednisone-only; p = 0.56) nor flares
(b = 0.14 kg/m2; p = 0.65) were associated with
BMI change on univariable analysis (Table 3). In
fully adjusted analyses, the cumulative pred-
nisone dose over 52 weeks was associated with
increase in BMI (ranging from b = 0.92 kg/m2

for 0–1 g exposure to b = 1.45 kg/m2 for C 4 g
exposure; p for trend\ 0.001) (Table 3), relaps-
ing disease was independently associated with a

lower increase in BMI (b = - 0.42 kg/m2 com-
pared to those with newly diagnosed disease;
p = 0.002), and disease flares during the trial
were associated with a numerically lower BMI
increase (b = - 0.10 kg/m2 per flare; p = 0.15).
Randomization to tocilizumab was not associ-
ated with BMI change (b = 0.11 kg/m2 com-
pared to prednisone-only; p = 0.39). Results
were generally similar in subgroup analyses of
those with newly diagnosed and relapsing dis-
ease, with the exception of flares, which were
associated with a decrease in BMI in patients
with newly diagnosed disease (b = - 0.18 kg/m2

per flare; p = 0.03) (Table 4) but not in patients
with relapsing disease (b = - 0.04 kg/m2 per
flare; p = 0.73) (Table 5).

Table 3 Multivariable mixed-effects modeling evaluating body mass index (BMI) change according to glucocorticoid
exposure and other covariates in all patients

Exposure variable Unadjusted Multivariable adjusted*

Estimate (beta coefficient
and 95% CI)

p value Estimate (beta coefficient
and 95% CI)

p value

Cumulative prednisone exposure

0 g Ref Ref

[ 0 to\ 1 g 0.90 (0.67, 1.13) \ 0.001** 0.89 (0.65, 1.13) \ 0.001**

C 1 to\ 2 g.0–6–23 0.94 (0.75, 1.12) 0.92 (0.73, 1.11)

C 2 to\ 3 g 1.08 (0.78, 1.39) 1.12 (0.80, 1.44)

C 3 to\ 4 g 1.42 (0.98, 1.86) 1.43 (0.96, 1.89)

C 4 g 1.40 (0.91, 1.89) 1.45 (0.95, 1.95)

Randomization to tocilizumab 0.34 (- 0.82, 1.51) 0.56 0.11 (- 0.15, 0.37) 0.39

Flares (per flare) 0.14 (- 0.47, 0.76) 0.65 - 0.10 (- 0.24, 0.037) 0.15

Relapsing disease 1.57 (0.42, 2.71) 0.01 - 0.42 (- 0.68, - 0.15) 0.002

Age (per year) - 0.02 (- 0.10, 0.05) 0.56 - 0.004 (- 0.02, 0.01) 0.60

Male sex 1.68 (0.26, 3.09) 0.02 - 0.06 (- 0.35, 0.24) 0.69

Baseline BMI (per mg/m2) 0.97 (0.94, 1.00) \ 0.0001 0.98 (0.95, 1.02) \ 0.001

Baseline prednisone

dose[ 30 mg daily

- 0.75 (- 1.91, 0.41) 0.20 0.09 (- 0.18, 0.36) 0.51

*Multivariable adjusted model adjusted for all of the following: age, sex, baseline BMI, baseline prednisone dose, cumulative
prednisone exposure, relapsing disease, randomization to tocilizumab, and flares, where the covariate is not the exposure of
interest
**p value for trend across cumulative prednisone categories
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Due to the change in direction of the beta
coefficients between the unadjusted and adjus-
ted mixed-effects models for relapsing disease
and flares, additional analyses were performed.
Because patients with relapsing disease had a
higher BMI at baseline, we sequentially added
covariates in sensitivity analyses and noted that
the direction of the association changed when
baseline BMI was incorporated into the model.
Similarly, since patients who flared received
additional doses of prednisone, we sequentially
added covariates to these models and found
that adjusting for cumulative prednisone and
baseline BMI were associated with changes in
the direction of the association between flare
and BMI.

BMI Change and Relapsing Disease
at Baseline

Given that relapsing disease was associated with
a smaller increase in BMI than newly diagnosed
disease, we evaluated these disease type sub-
groups further. Over the 52-week trial, patients
with relapsing disease at baseline had no sig-
nificant change in BMI between 0 and 52 weeks
(26.9 vs. 27.6 kg/m2; p = 0.27) whereas those
with newly diagnosed disease had a significant
increase (24.8 vs. 26.5 kg/m2; p\ 0.01). Patients
with relapsing disease had no significant change
between 0 and 24 weeks or between 24 and
52 weeks (Fig. 2). The increase in BMI among
patients with newly diagnosed disease was

Table 4 Multivariable mixed-effects modeling evaluating body mass index (BMI) change according to glucocorticoid
exposure and other covariates in patients with newly diagnosed disease

Exposure variable Unadjusted Multivariable adjusted*

Estimate (beta coefficient
and 95% CI)

p value Estimate (beta coefficient
and 95% CI)

p value

Cumulative prednisone exposure

0 g Ref Ref

[ 0 to\ 1 g 1.29 (1.01, 1.56) \ 0.001** 1.23 (0.97, 1.48) \ 0.001**

C 1 to\ 2 g 1.19 (0.97, 1.42) 1.20 (0.98, 1.43)

C 2 to\ 3 g 1.58 (1.16, 2.00) 1.61 (1.15, 2.08)

C 3 to\ 4 g 1.97 (1.30, 2.65) 1.94 (1.21, 2.66)

C 4 g 1.70 (1.20, 2.21) 1.75 (1.24, 2.26)

Randomization to tocilizumab 1.11 (- 0.27, 2.49) 0.11 0.10 (-0.24, 0.44) 0.56

Flares (per flare) 0.15 (- 0.44, 0.74) 0.62 - 0.18 (- 0.34, - 0.02) 0.03

Age (per year) - 0.02 (- 0.11, 0.07) 0.60 - 0.015 (- 0.04, 0.01) 0.16

Male sex 1.26 (- 0.49, 3.00) 0.15 0.03 (- 0.30, 0.36) 0.87

Baseline BMI (per mg/m2) 1.02 (0.98, 1.06) \ 0.0001 1.02 (0.98, 1.05) \ 0.0001

Baseline prednisone

dose[ 30 mg daily

- 0.66 (- 2.22, 0.91) 0.41 - 0.40 (- 0.75, -0.05) 0.03

*Multivariable adjusted model adjusted for all of the following: age, sex, baseline BMI, baseline prednisone dose, cumulative
prednisone exposure, relapsing disease, randomization to tocilizumab, and flares, where the covariate is not the exposure of
interest
**p value for trend across cumulative prednisone categories
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observed between 0 and 24 weeks but not
between 24 and 52 weeks (Fig. 2).

BMI Change and Flares Across Treatment
Arms Over 52 Weeks

Patients randomized to tocilizumab received far
less prednisone compared with those who were
randomized to prednisone-only (median of
1583 vs. 3607 mg; p\0.001) and had fewer
flares (median of 0 vs. 1; p\0.001) but experi-
enced similar changes in BMI (mean of 1.2 vs.
1.1 kg/m2; p = 0.31) (Table 6). Similar results
were seen when assessing BMI change and
cumulative glucocorticoid exposure at 24 weeks
and when evaluating results in patients with
either newly diagnosed or relapsing disease.

Analyses with Primary Outcome of Weight
Change

In addition to BMI, we also analyzed weight
change (kg) and found overall similar results. In
the multivariable, fully adjusted mixed-effects
model, cumulative prednisone exposure was
independently associated with weight change
with increasing estimates in increasing expo-
sure categories. Relapsing disease and flares
during the trial (particularly among newly
diagnosed subjects) were both associated with
numerically less weight gain, but neither
reached statistical significance.

Table 5 Multivariable mixed-effects modeling evaluating body mass index (BMI) change according to glucocorticoid
exposure and other covariates in patients with relapsing disease

Exposure variable Unadjusted Multivariable adjusted*

Estimate (beta coefficient
and 95% CI)

p value Estimate (beta coefficient
and 95% CI)

p value

Cumulative prednisone exposure

0 g Ref Ref

[ 0 to\ 1 g 0.65 (0.34, 0.96) \ 0.001** 0.69 (0.35, 1.02) \ 0.001**

C 1 to\ 2 g 0.66 (0.36, 0.95) 0.60 (0.29, 0.90)

C 2 to\ 3 g 0.57 (0.18, 0.97) 0.59 (0.17, 1.00)

C 3 to\ 4 g 0.90 (0.36, 1.45) 0.92 (0.36, 1.47)

C 4 g 1.12 (0.29, 1.94) 1.17 (0.34, 2.01)

Randomization to tocilizumab - 0.23 (- 2.00, 1.53) 0.79 0.18 (- 0.15, 0.52) 0.28

Flares (per flare) 0.10 (- 0.89, 1.08) 0.84 - 0.04 (- 0.26, 0.18) 0.73

Age (per year) - 0.02 (- 0.14, 0.09) 0.70 - 0.01 (- 0.01, 0.03) 0.38

Male sex 2.06 (- 0.07, 4.19) 0.06 - 0.13 (- 0.57, 0.31) 0.56

Baseline BMI (per mg/m2) 0.96 (0.92, 1.01) \ 0.0001 0.97 (0.93, 1.01) \ 0.0001

Baseline prednisone

dose[ 30 mg daily

- 0.14 (- 1.91, 1.64) 0.88 0.62 (0.26, 0.98) 0.001

*Multivariable adjusted model adjusted for all of the following: age, sex, baseline BMI, baseline prednisone dose, cumulative
prednisone exposure, relapsing disease, randomization to tocilizumab, and flares, where the covariate is not the exposure of
interest
**p value for trend across cumulative prednisone categories
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DISCUSSION

Using data from a large, randomized trial of
GCA, we confirmed that BMI change during the
treatment of GCA is significantly associated
with cumulative GC exposure. Several factors
besides GC exposure, however, contribute to
BMI change. Patients with higher baseline BMI
had a greater increase in BMI, whereas relapsing
disease at baseline and disease flares in newly
diagnosed patients were independently associ-
ated with a lower increase in BMI. Therefore,
effective disease control also contributes to an
increase in BMI among GCA patients, demon-
strating that the relationship between GC use
and BMI increase in GCA is more complex than
a simple tabulation of the number of milligrams
of prednisone used over the course of

treatment. Regardless of the treatment group to
which patients were assigned in the trial, sys-
temic inflammation associated with poor dis-
ease control (i.e., flares of GCA) seems to
counterbalance the weight gain one might
expect from GC exposure. Similar findings per-
taining to inflammation, weight loss, and frailty
have also been reported in other conditions
[11]. Indeed, regardless of the treatment group
in our study, the patients who experienced
disease flares had BMI changes similar to those
who did not flare on unadjusted analyses—de-
spite receiving a significantly higher cumulative
glucocorticoid dose over 52 weeks.

We also observed that patients with relaps-
ing disease at baseline gained less weight over
52 weeks than those with newly diagnosed dis-
ease despite the fact that these two subgroups
received similar amounts of prednisone. Similar

Fig. 2 Variation in body mass index (BMI) (kg/m2) over time by subgroup. BMI values represent unadjusted mean values.
Standard error is included in parentheses. *Represents a significant change from baseline BMI (p\ 0.01)

Table 6 BMI change and cumulative prednisone exposure from weeks 0 to 52 in tocilizumab and prednisone-only groups

Randomized to tocilizumab
(N = 149)

Randomized to prednisone-only
(N = 101)

p value

Cumulative prednisone (mg),

median (IQR)

1583 (1113, 2745) 3607 (2330, 5323) \ 0.001

Flares, median (IQR) 0 (0, 1) 1 (0, 2) \ 0.001

BMI change (kg/m2), mean (SD) 1.2 (1.9) 1.1 (2.1) 0.31
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observations have been made in studies of AAV
[8]. The reasons why patients with relapsing
disease experienced less weight gain are not
entirely clear. Notably, those with relapsing
disease had higher baseline BMI than those with
newly diagnosed disease; possible explanations
for this include prior GC exposure or that
patients with relapsing disease may have expe-
rienced weight gain following their initial dis-
ease diagnosis prior to enrollment in the
GiACTA trial. This may have then contributed
to lower observed BMI increases during the trial.
That said, as patients with higher baseline BMI
generally had greater increases in BMI, these
baseline differences alone would not explain
the differences in BMI change by week 52
between those with relapsing versus newly
diagnosed disease. We hypothesize that the
patients with relapsing disease at baseline who
are experienced users of GC may have made
modifications in diet or lifestyle that con-
tributed to a lower amount of weight gain.
Studies in both rheumatoid arthritis and AAV
(e.g., Wegener’s Granulomatosis Etanercept
Trial [WGET] and Rituximab in AAV [RAVE]
trials) have found an association between
improvement in disease activity and increase in
weight or BMI in the setting of GC use [6, 7, 12].
These studies, however, have shown mixed
results with regard to the independent associa-
tion between GC dose and changes in BMI
[6–8].

Our results are concordant with those from
the RAVE trial, in which both cumulative GC
dose and improvement in disease activity were
associated with an increase in BMI. The cumu-
lative GC dose was markedly higher in both the
WGET and RAVE trials than in GiACTA, per-
haps accounting for the fact that 22% of
patients in the WGET trial gained at least 10 kg
over 1 year compared with only 7% in the
GiACTA trial. Differences in age and sex at
baseline between the two trial populations
might also have contributed to the differences
observed. The mean age at entry in GiACTA was
approximately 20 years older than in RAVE, and
75% of the GiACTA patients were women
compared with only 50% in RAVE. Findings
from the RAVE trial also supported the rela-
tionship between effective disease control and a

tendency toward BMI increase: patients ran-
domized to rituximab in that trial were more
likely to achieve disease remission and received
less cumulative prednisone, yet had a greater
increase in BMI.

Our study has numerous strengths. Due to
the clinical trial setting in which these data
were collected, accurate cumulative prednisone
doses, which can be difficult to capture in rou-
tine clinical care, were available for all patients.
Other clinical variables of interest were also
collected in a systematic manner. The random-
ized nature of GiACTA also permitted us to
leverage randomization to compare the effect of
tocilizumab versus no tocilizumab on change in
BMI. Our study also has certain limitations.
First, data from controlled trials are not always
generalizable to routine clinical care. Indeed,
some data suggest that the doses of GC used in
clinical practice are in fact considerably higher
than those used in GiACTA; this may contribute
to greater degrees of BMI change in clinical
practice compared to what we observed [13].
Therefore, caution should be employed when
attempting to extrapolate our results to general
practice, and similar studies in real-world pop-
ulations should follow. Second, subjects’ base-
line weights prior to the onset of disease activity
were unavailable, so the extent to which weight
gained during the trial corresponded to an
increase in weight over their baseline weight
before disease onset could not be ascertained.
Third, cumulative GC dose received prior to
enrolling in the trial was not available. This may
bias the results toward lower apparent BMI gain
if some BMI increase occurred prior to baseline
in the setting of GC exposure and treatment of
inflammatory disease. In addition, the potential
effect on body mass index of inflammation
related to flares occurring before baseline (e.g.,
in relapsing patients) is unknown. Last,
although we addressed the association of vari-
ous clinically relevant factors with BMI and
weight change, we are unable to comment
specifically on changes in body composition,
which may have different associations, because
data on body composition were not collected in
the GiACTA trial. Analyses of the impact of
treatment on body composition should be
considered in future studies.
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CONCLUSIONS

In conclusion, although GC use and weight
gain are linked tightly in the minds of both
providers and patients, our study demonstrates
that these relationships are complex. Cumula-
tive GC exposure over 52 weeks is significantly
associated with change in BMI but success or
failure in controlling disease activity with
treatment also affects changes in BMI. A modest
increase in BMI may in fact be an indicator of
effective disease control.
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