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ABSTRACT

Objective: To investigate the relationship between lean muscle mass and treatment response in treatment-
resistant late-life depression (TR-LLD). We hypothesized that lower lean muscle mass would be associated
with older age, higher physical comorbidities, higher depressive symptom severity, and poorer treatment
response.

Design: Secondary analysis of a randomized, placebo-controlled trial.

Setting: Three academic hospitals in the United States and Canada.

Participants: Adults aged 60+ years with major depressive disorder who did not remit following open treatment
with venlafaxine extended-release (XR) (n= 178).

Measurements: We estimated lean muscle mass using dual-energy X-ray absorptiometry (DEXA) scans prior to
and following randomized treatment with aripiprazole or placebo added to venlafaxine XR. Multivariate
regressions estimated influence of demographic and clinical factors on baseline lean muscle mass, and whether
baseline lean muscle mass was associated with treatment response, adjusted for treatment arm.

Results: Low lean muscle mass was present in 22 (12.4%) participants. Older age and female sex, but not
depressive symptom severity, were independently associated with lower lean muscle mass at baseline. Marital
status, baseline depressive symptom severity, and treatment group were associated with improvement of
depressive symptoms in the randomized treatment phase. Baseline lean muscle mass was not associated with
improvement, regardless of treatment group.

Conclusion: As expected, older age and female sex were associated with lower lean muscle mass in TR-LLD.
However, contrary to prior results in LLD, lean muscle mass was not associated with depression severity or
outcome. This suggests that aripiprazole augmentation may be useful for TR-LLD, even in the presence of
anomalous body composition.
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Introduction

Comorbid physical illness complicates the manage-
ment of depression. This is particularly relevant in
late-life depression (LLD), as older adults have
higher rates of physical comorbidities than younger
adults, and those with LLD have even higher rates of
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physical comorbidities than their non-depressed
counterparts. Potential adverse impacts of physical
comorbidities on the course of LLD include lower
treatment response rates, higher risk of drug–drug
interactions, or adverse effects (Taylor, 2014). Phys-
ical comorbidities may also increase risk of related
adverse outcomes of LLD, such as development of
cognitive impairment (Karameh et al., 2022). Con-
versely, LLD leads to worse outcomes for physical
conditions such as cardiac disease (Jiang et al., 2001)
and may increase the risk of developing frailty
(Chang et al., 2022).

Body composition is one component of physical
health that is of potential relevance to health out-
comes in older adults. In this context, lean muscle
mass has received interest as one potential bio-
marker and is recognized as a principal component
of sarcopenia, a condition of diminished leanmuscle
mass and strength. Sarcopenia typically develops
secondary to aging particularly in the context of
chronic medical illnesses including cancer, heart
failure, chronic obstructive lung disease, rheumatoid
arthritis, and various neurodegenerative disorders
(Cesari, et al., 2016). Risk factors for diminished
lean muscle mass and sarcopenia include physical
inactivity, malnutrition, hormone deficiency, and
chronic inflammation (Budui, et al., 2015), conditions
that have also all been associated with depression.
Sarcopenia specifically has been implicated in the
risk for overall frailty, cachexia, and osteoporosis,
and it increases all-cause mortality risk in older adults
(Anderson, et al., 2017; Cruz-Jentoft et al., 2014;
Hayashi et al., 2018; Ohashi et al., 2018; Yoo et al.,
2018).Accordingly, sarcopenia has been recognized as
a serious geriatric syndrome, causing disability and
increasing health care costs (Norman and Otten,
2019; Tsekoura et al., 2017).

Recent research has proposed a link between lean
muscle mass or sarcopenia and LLD. However,
current clinical evidence regarding this association
is conflicting. Diminished lean muscle mass and
greater severity of depressive symptoms were found
to be correlated in at least two observational studies
(Kim et al., 2011; Hsu et al., 2014) and one meta-
analysis (Chang et al., 2017), with one additional
study finding a correlation between depressive
symptoms and co-occurring osteopenia and sarco-
penia (Park et al., 2021). Conversely, one large
population survey did not find such any such effect
(Byeon et al., 2016). Some recent evidence has
suggested that overall level of frailty is a predictor
of treatment resistance in LLD (Brown et al., 2021a)
and has identified specific components of frailty that
are predictive of LLD outcome, such as baseline
physical activity level (Brown et al., 2021b).

With respect to body composition in treatment-
resistant LLD (TR-LLD) specifically, previous

work has established an association between older
age and less tendency to weight gain following
treatment with aripiprazole (Oughli et al., 2019).
However, to our knowledge, no study has examined
the relationship between lean muscle mass and
depressive symptoms in patients with TR-LLD.
Assessing this relationship in patients who do not
respond to initial treatment is important to identify
characteristics that are associated with TR-LLD or
may impact illness course and treatment outcomes.

Thus, we conducted a secondary analysis to assess
the relationship among lean muscle mass, demo-
graphic and clinical characteristics, and depression
outcomes in the participants of the Incomplete
Response in LLD: Getting to Remission (IRL-
GRey) study.We hypothesized that lower lean muscle
mass would correlate with older age, higher number of
comorbid physical conditions, and higher depressive
symptom severity. We also hypothesized that lower
lean muscle mass at baseline would be associated with
poor treatment outcomes in TR-LLD.

Methods

Overview
The full methods of the IRL-GRey study have been
described elsewhere (Lenze et al., 2015). In brief,
IRL-GRey was a multicenter study with two phases:
in the first phase, patients aged 60 years or older
presenting with an acute episode of major depressive
disorder (MDD) were treated openly with venlafax-
ine extended-release (XR) up to 300 mg/day for
12 weeks, with an extra period of up to 12 weeks
to establish remission status. Remission was defined
as a score of 10 or less for two consecutive assess-
ments on the Montgomery–Åsberg Depression
Rating Scale (MADRS). Participants who did not
achieve remission were eligible for the second phase
during which they were randomized under double-
blind conditions to addition of placebo or aripipra-
zole up to 15 mg/day for 12 weeks.

Sites and participants
IRL-GRey participants were recruited from July 20,
2009, to December 30, 2013, at three academic
medical centers (Centre for Addiction and Mental
Health, Toronto, ON, Canada; University of Pitts-
burgh, PA, USA; and Washington University,
St. Louis, MO, USA), after approval by local insti-
tutional ethics review boards. The main eligibility
criteria for IRL-GRey were as follows: 1) age 60
years and older; 2) meeting Diagnostic and Statisti-
cal Manual of Mental Disorders, 4th edition (DSM-
IV) criteria for MDD and experiencing a current
major depressive episode; 3) at least moderately
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severe symptoms, as defined by a MADRS score of
15 or more; and 4) absence of unstable physical
illness or any major neurologic illness.

Of the 181 IRL-GRey participants who did not
remit with open treatment with venlafaxine XR and
were randomized to aripiprazole or placebo, 178
completed a dual-energy X-ray absorptiometry
(DEXA) scans prior to randomization (and 175
also completed a repeat DEXA scan about 12 weeks
later). These 178 participants constitute the sample
for the analyses described below.

Demographic and clinical measures
Participants were assessed at multiple time points,
including at time of enrollment, completion of open
treatment with venlafaxine XR (which served as the
baseline for the randomized treatment phase and
our analyses), and completion of the study.

Evaluation of lean muscle mass with DEXA
scans
Participants who were randomized underwent eval-
uation of body composition via DEXA scans prior to
and following the randomized treatment phase (i.e.,
aripiprazole versus placebo). The DEXA scan is a
faster, lower-cost alternative to MRI for body com-
position analysis (Messina et al., 2018) and has been
used to assess lean muscle mass and sarcopenia in

several studies (Guglielmi et al., 2016; Kim et al.,
2017). Data fromDEXA scans were previously used
to estimate total body fat in this sample (Oughli
et al., 2019).

Muscle mass indices were calculated using the
method proposed by Heymsfield et al. (1990). This
method divides appendicular skeletal muscle mass
(ASM) in kilograms (kg), averaged between the four
limbs, by the square of height, in m2, to produce an
appendicular skeletal muscle index (ASMI). This
method is well established as a means of estimating
lean muscle mass in adults (Kim et al., 2017).

Statistical analysis
All analyses were conducted using the SAS Enter-
prise statistical package, version 7.1 (SAS Institute
Inc., 2011). First, we described the distribution of lean
muscle mass (i.e., ASMI) and estimated the preva-
lence of sarcopenia, using the cutoffs of a lean muscle
mass<7.0 kg/m2 for males and<5.5 kg/m2 for females
based on the European Consensus Definition (Cruz-
Jentoft et al., 2019). Then, we assessed the cross-
sectional relationship between ASMI at baseline and
28 demographic and clinical characteristics using a
series of univariate linear regressions.Clinical variables
associated with a p value of<0.10 were entered into a
multivariate linear regressionmodel. Age and sexwere
included a priori in the final model. Missing data were
addressed using the multiple imputation method.

0

5

10

15

20
(A) (B)

0.0 2.5 5.0 7.5 10.0 12.5 15.0
ASM index

N
um

be
r

0

5

10

15

20

0.0 2.5 5.0 7.5 10.0 12.5 15.0
ASM index

N
um

be
r

Figure 1. Distribution of lean muscle mass indices in self-reported females (A) and males (B) in our sample. Dotted lines represent the sex-

specific muscle-mass cutoffs included in the European Consensus definition of sarcopenia (Cruz-Jentoft et al., 2019). The part of the

distribution falling to the left of each cutoff represents participants with lean muscle mass indices indicative of sarcopenia. ASMI:

appendicular skeletal mass (ASM) index= ASM, asmeasured by DEXA scan prior to the randomized treatment phase of the study, divided by
height2.
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We next assessed whether lean muscle mass was
associated with change in depression scores, using
an approach similar to above. Change in depression
score from baseline to end of the randomized treat-
ment phase was used as the continuous dependent
variable in this multivariate model.

Finally, we explored changes in lean muscle mass
over 12 weeks (i.e., between baseline – following
open treatment but prior to randomization – and the
end of the randomized treatment phase).

Results

Participant characteristics and lean muscle
mass
Table 1 summarizes the demographic, clinical char-
acteristics, and baseline lean muscle mass indices
of the participants who did not remit with venlafax-
ine XR and received a DEXA scan prior to entering
the randomization treatment phase (n= 178).
Figure 1 presents the distribution of baseline lean
musclemass in women (1a) andmen (1b) within our
TR-LLD sample. The lean muscle mass of 22
(12.4%) of our 178 participants was below the cutoff
for sarcopenia at baseline, including 14 women (out
of 100, 14.0%) and 8 men (out of 78, 10.4%).

Correlates of lean muscle mass (ASMI) in
TR-LLD
In the final multivariate regression model, older age
and female sex were significantly associated with
ASMI at baseline. Severity of depressive symptoms
prior to the randomization phase was not found to be
significantly associated with baseline ASMI. The
final model (Table 2) had a pooled r2 of 0.41 and
was significant (p< 0.0001).

To explore the possibility of sex-based differ-
ences in correlates of ASMI, we stratified our model
by sex to analyze self-reported female and male
participants separately. Age remained significantly
negatively associated with ASMI in female partici-
pants. In our male sample, no correlations with
ASMI remained significant (see Supplementary
Table 1).

Is baseline lean muscle mass (ASMI)
associated with outcomes in TR-LLD?
In the final multivariate regression model, marital
status (currently or previously married), higher
baseline HDRS-17 score, and treatment with aripi-
prazole were independently associated with decrease
in depressive symptoms during the randomized
treatment phase. ASMI was not significantly associ-
ated with HDRS-17 score change during the random-
ized treatment phase. The final model (Table 3) had a
pooled r2 of 0.27 and was significant (p< 0.0001).

To explore whether an association of ASMI with
treatment outcome existed in the aripiprazole treat-
ment group, we stratified our model by treatment
group (aripiprazole and placebo). There remained
no association between ASMI and HDRS-17 score
change in either the aripiprazole or placebo groups
when analyzed separately. There were no significant
associations between any of the included variables
and HDRS-17 change in the placebo group (see
Supplementary Table 2).

Lean muscle mass changes during acute
treatment of TR-LLD
Figure 2 shows the change in lean muscle mass
measurements during the 12- week randomization
phase. There was no significant change in ASMI
during the randomized treatment phase (Wilcoxon
signed rank test, p= 0.392).

Discussion

We analyzed the relationship among demographic
and clinical characteristics, lean muscle mass (as
reflected by the ASMI), and depression outcomes
in a sample of older patients with TR-LLD who
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Figure 2. Range of ASMI prior to and following the randomized

treatment phase. ASMI: appendicular skeletal mass (ASM) index =
ASM, as measured by DEXA scan, divided by height2. Box plot
upper and lower borders represent the interquartile range (IQR:

Q3 – Q1); whisker edges represent values 1.5*IQR above Q3 and

below Q1. Bold horizontal lines represent medians. Dots represent

outliers. Baseline: DEXA scan performed prior to the randomized

treatment phase. End of treatment: DEXA scan performed follow-

ing the randomized treatment phase.
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participated in a 12-week RCT comparing augmen-
tation of venlafaxine XR with aripiprazole versus
placebo. As expected, lean muscle mass was associ-
ated with some demographic characteristics (i.e.,
sex and age), with small effect sizes. Although we
hypothesized that lean muscle mass would be a
proxy for frailty, it was not associated with other
physical correlates of frailty in our sample, such as
number of medical comorbidities. Contrary to pre-
vious findings in other LLD samples (Kim et al.,
2011; Chang et al., 2017; Hsu et al., 2014), lean
muscle mass was not associated with the character-
istics and outcomes of TR-LLD.

In LLD, some evidence suggests that body com-
position, in particular low lean muscle mass or
sarcopenia, may be a biomarker of depressive symp-
tom severity and treatment outcomes, although evi-
dence is conflicting (Kim et al., 2011; Byeon et al.,
2016; Hsu et al., 2014; Park et al., 2021). However,
to our knowledge, our study is the first to evaluate
this relationship in TR-LLD. We found that only
two demographic variables, age and self-reported
sex, correlated with lean muscle mass in our sample.
Our finding that females had lower muscle mass

than males was likely reflective of sex-related dif-
ferences in lean muscle mass at the population
level, rather than representing a pathological find-
ing. However, our finding that the negative asso-
ciation between age and lean muscle mass was
only significant in female participants suggests the
hypothesis that older females with TR-LLD are
more susceptible to loss of muscle mass than older
males. Given the small sample sizes in each sex
subgroup, this hypothesis needs to be tested in a
larger sample to determine whether an interaction
exists between sex and age as correlates of muscle
mass in TR-LLD.

While lean muscle mass was associated as
expected with some demographic features, it was
not associated with specific characteristics or out-
comes of TR-LLD or a decreased response to ari-
piprazole. These findings were contrary to our
hypothesis that anomalous body composition would
be a poor prognostic indicator in TR-LLD. How-
ever, given our small sample size, small effect sizes
seen, and the exploratory nature of the stratified
analysis, our negative findings require some confir-
mation in a larger sample.

Table 1. Clinical and demographic characteristics of study sample

ALL PARTICIPANTS (N = 178) ARIPIPRAZOLE (N = 88) PLACEBO (N = 90)
...................................................................................................................................................................................................................................................................................................................................

Self-reported female sex 100 (56.2%) 49 (55.7%) 51 (56.7%)
Age, years 67.31 (6.10) 67.56 (6.62) 67.06 (5.59)
Education, years 14.19 (2.79) 14.22 (2.92) 14.16 (2.68)
Race, Asian-Pacific 4 (2.2%) 2 (2.3%) 2 (2.2%)
Race, Black 16 (9.0%) 7 (8.0%) 9 (10.0%)
Race, Indian 1 (0.6%) 1 (1.1%) 0 (0.0%)
Race, White 157 (88.2%) 78 (88.6%) 79 (87.8%)
Married 82 (46.1%) 41 (46.6%) 41 (45.6%)
Diabetes 26 (14.6%) 16 (18.2%) 10 (11.1%)
Hypertension 93 (52.2%) 43 (48.9%) 50 (55.6%)
Hyperlipidemia 92 (51.7%) 48 (54.5%) 44 (48.9%)
Heart disease 29 (16.3%) 15 (17.0%) 14 (15.6%)
Arrhythmia 18 (10.1%) 5 (5.7%) 13 (14.4%)
Baseline HDRS 16.53 (4.59) 16.55 (4.62) 16.51 (4.58)
Baseline MADRS 23.29 (6.46) 23.48 (6.38) 23.10 (6.57)
Baseline ASMI 7.52 (1.54) 7.65 (1.80) 7.39 (1.25)
Age of depression onset, years 39.43 (21.27) 42.03 (21.01) 36.88 (21.33)
Antidepressant trials 2.93 (1.40) 2.86 (1.40) 3.00 (1.41)
Cumulative Illness Rating Scale 9.65 (4.45) 9.98 (4.70) 9.33 (4.19)
MOS-Physical Component Score 42.52 (11.93) 43.31 (12.49) 41.76 (11.38)
MOS-Mental Component Score 30.20 (9.71) 29.26 (9.58) 31.12 (9.81)
Total cholesterol, mg/dL 189.88 (44.35) 190.7 (40.61) 189.1 (47.94)
HDL-cholesterol, mg/dL 51.33 (15.26) 51.05 (14.17) 51.61 (16.34)
LDL-cholesterol, mg/dL 115.99 (79.00) 109.0 (37.29) 122.9 (104.7)
Triglycerides, mg/dL 146.15 (84.78) 153.6 (88.39) 138.9 (80.96)

Data are displayed as mean (SD) unless otherwise specified.
HDRS: Hamilton Depression Rating Scale.
MADRS: Montgomery–Åsberg Depression Rating Scale.
ASMI: Appendicular skeletal mass (ASM) index (ASM divided by height2).
MOS: Medical Outcomes Study questionnaire.
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Table 2. Summary of multivariate model for baseline lean muscle mass (ASMI)

PARAMETER ESTIMATE STANDARD ERROR

95% CONFIDENCE

INTERVAL STANDARDIZED ESTIMATE DF MINIMUM MAXIMUM T PR > |T|
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Intercept* 8.9877 1.4063 6.2315 11.7440 1.12 × 106 8.8254 9.2006 6.39 <0.0001*

Age* − 0.0388 0.0179 − 0.0739 − 0.0037 − 0.1534 3.95 × 106 − 0.0403 − 0.0374 − 2.17 0.0303*

Sex, female* − 1.2952 0.2309 0.8426 1.7477 − 0.4172 319,812 1.2631 1.3377 5.61 <0.0001*

CIRS 0.0154 0.0272 − 0.0380 0.0687 0.0443 2.32 × 106 0.0124 0.0180 0.56 0.5724
MDD age of onset − 0.2486 0.2330 − 0.7053 0.2080 − 0.0742 1.48 × 106 − 0.2798 − 0.2256 − 1.07 0.2859
Diabetes − 0.1053 0.3165 − 0.7256 0.5150 − 0.0241 1.68 × 106 − 0.1448 − 0.0824 − 0.33 0.7393
Hypertension 0.4073 0.2110 − 0.0062 0.8208 0.1321 4.25 × 106 0.3910 0.4222 1.93 0.0535
Hyperlipidemia − 0.2193 0.2242 − 0.6587 0.2201 − 0.0711 797,071 − 0.2481 − 0.1840 − 0.98 0.328
Cardiovascular disease 0.1165 0.2936 − 0.4589 0.6919 0.0279 778,578 0.0799 0.1501 0.4 0.6916
Previously married − 0.4234 0.3181 − 1.0468 0.2001 − 0.1320 18,149 − 0.4934 − 0.3514 − 1.33 0.1832
Currently married − 0.2148 0.2989 − 0.8006 0.3710 − 0.0697 23,345 − 0.2778 − 0.1493 − 0.72 0.4723
Baseline HDRS-17 score, total 0.0273 0.0222 − 0.0162 0.0707 0.0811 524,937 0.0241 0.0303 1.23 0.2189
Total cholesterol, medium − 0.0346 0.2776 − 0.5788 0.5095 − 0.0105 37,317 − 0.1220 0.0373 − 0.12 0.9007
Total cholesterol, high − 0.4251 0.5291 − 1.4622 0.6120 − 0.0826 417,266 − 0.4973 − 0.3285 − 0.8 0.4217
HDL cholesterol − 0.3652 0.2626 − 0.8798 0.1495 − 0.1007 354,788 − 0.3970 − 0.3247 − 1.39 0.1643
LDL cholesterol, medium − 0.2597 0.2713 − 0.7915 0.2721 − 0.0843 38,308 − 0.3428 − 0.1721 − 0.96 0.3385
LDL cholesterol, high 0.1495 0.5292 − 0.8877 1.1867 0.0293 212,150 0.0361 0.2228 0.28 0.7775
Blood glucose, medium 0.2581 0.2357 − 0.2039 0.7201 0.0765 99,063 0.2126 0.3057 1.09 0.2736
Blood glucose, high 0.4648 0.3336 − 0.1890 1.1185 0.1087 87,411 0.3972 0.5431 1.39 0.1635
Length of current episode 0.1009 0.0760 − 0.0481 0.2499 0.0905 258,352 0.0858 0.1112 1.33 0.1845

ASMI: Appendicular skeletal mass (ASM) index (ASM divided by height2).
df: Degrees of freedom.
CIRS: Cumulative Illness Rating Scale.
MDD: Major depressive disorder
HDRS: Hamilton Depression Rating Scale.
CIRS: Cumulative Illness Rating Scale.
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Table 3. Summary of multivariate model for HDRS-17 score change during the randomized treatment phase

PARAMETER ESTIMATE STANDARD ERROR

95% CONFIDENCE

INTERVAL STANDARDIZED ESTIMATE DF MINIMUM MAXIMUM T PR > |T|
...........................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Intercept 6.4104 7.6345 − 8.5543 21.3751 13,309 4.5120 10.0965 0.84 0.4011
ASMI − 0.1904 0.3660 − 0.9078 0.5271 − 0.1021 5012.9 − 0.4035 − 0.0393 − 0.52 0.6030
Age 0.0326 0.0805 − 0.1251 0.1903 − 0.0644 5205.4 − 0.0074 0.0798 0.41 0.6853
Sex, female − 0.7448 1.1159 − 2.9320 1.4425 − 0.1053 13,324 − 1.0942 − 0.4271 − 0.67 0.5045
Baseline MADRS, severe 0.2760 1.1466 − 1.9718 2.5238 − 0.0214 6500.4 − 0.2155 0.8003 0.24 0.8098
CIRS − 0.2156 0.1260 − 0.4628 0.0316 − 0.2717 1338.7 − 0.2825 − 0.1317 − 1.71 0.0873
Cardiovascular disease − 0.8876 1.3472 − 3.5282 1.7529 0.0926 16,169 − 1.3356 − 0.4841 − 0.66 0.5100
Arrhythmia − 0.9788 1.5606 − 4.0376 2.0799 0.0766 125882 − 1.2431 − 0.6544 − 0.63 0.5305
Previously married* − 3.2530 1.4805 − 6.1551 − 0.3510 − 0.3610 8897.4 − 3.8838 − 2.7616 − 2.20 0.0280*

Currently married* − 3.5914 1.3598 − 6.2570 − 0.9257 − 0.3238 7006.1 − 4.1745 − 3.1473 − 2.64 0.0083*

Baseline HDRS-17 score, total* − 0.2997 0.1274 − 0.5494 − 0.0500 − 0.1736 24,815 − 0.3451 − 0.2615 − 2.35 0.0187*

MOS-Physical 0.0175 0.0445 − 0.0697 0.1047 0.0312 1794.6 − 0.0094 0.0359 0.39 0.6939
Total cholesterol, medium 0.2370 1.3053 − 2.3221 2.7961 − 0.2228 3785.7 − 0.7358 0.7595 0.18 0.8559
Total cholesterol, high 4.1853 2.8453 − 1.4274 9.7980 0.1338 188.9 1.0605 6.8695 1.47 0.1430
LDL cholesterol, medium 2.0183 1.2191 − 0.3720 4.4085 0.2961 3600.5 1.4696 2.6552 1.66 0.0979
LDL cholesterol, high − 2.2381 2.6509 − 7.4480 2.9719 − 0.0427 440.6 − 4.5664 0.0441 − 0.84 0.3990
Length of current episode − 0.5484 0.3544 − 1.2430 0.1462 − 0.1469 11,906 − 0.6388 − 0.3615 − 1.55 0.1217
Aripiprazole group* − 1.8457 0.9390 − 3.6872 − 0.0042 − 0.1021 2161.3 − 2.4783 − 1.2827 − 1.97 0.0495*

ASMI: Appendicular skeletal mass (ASM) index (ASM divided by height2).
MADRS: Montgomery–Åsberg Depression Rating Scale.
CIRS: Cumulative Illness Rating Scale.
HDRS: Hamilton Depression Rating Scale.
MOS: Medical Outcomes Study questionnaire.
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Another possible explanation for the lack of asso-
ciations with lean muscle mass in our participants is
that, because of the lead-in treatment protocol, our
participants with TR-LLD were a more homoge-
neous group than previously studied non-TR LLD
samples. A relationship between lean muscle mass
and an MDD diagnosis may be more apparent
in more heterogeneous samples of patients with
LLD. It is also possible that patients with TR-
LLD as a whole have physical characteristics distinct
from those with LLD who respond to treatment.
Whether body composition differs in LLD patients
with or without treatment resistance, and the poten-
tial implications for their prognosis deserve fur-
ther study.

Our results, which conflict with prior research in
non-TR LLD groups, further contribute to the
understanding of the interaction between body com-
position and psychopharmacotherapy across the
lifespan. While aripiprazole is associated with a
clinically significant increase in body fat even during
a short 12-week treatment course in children and
adolescents (Nicol et al., 2018), we did not observe
such an increase over the same duration in our trial
(Lenze et al., 2015). Extending previous observa-
tions of the age-dependent nature of antipsychotic-
related weight gain, younger age in our sample was
independently associated with measurable treatment-
related increase in body fat (Oughli et al., 2019). Our
prior results, taken togetherwith these currentfindings
showing that lowmuscle mass was not associated with
poorer response to aripiprazole in TR-LLD, suggest
aripiprazole may be a reasonable treatment in older
adults with TRD and anomalous body composition.
Future studies with a more extensive assessments of
sarcopenia (i.e., including measures of muscle
strength) will need to confirm this.

Our study has both strengths and limitations.
One strength was the use of a sample with treatment
resistance that was prospectively defined during
protocolized treatment with low dosages of venla-
faxine XR (i.e., equivalent to treatment with a selec-
tive serotonin reuptake inhibitor) followed by
high dosages of venlafaxine XR (i.e., a serotonin-
norepinephrine reuptake inhibitor). One limitation
of our study was the exploratory approach used,
involving 28 potentially relevant variables, which
increases the risk of Type I error prior tomultivariate
modeling. Similarly, the findings from our subgroup
analyses stratified by gender and treatment group,
given their small sample sizes, should be treated as
hypothesis-generating. Another limitation was that
we did not measure lean muscle mass in the parti-
cipants who responded to initial treatment with
venlafaxine XR (i.e., those without TR-LLD), which
would have permitted direct comparison between
the treatment-responsive and treatment-resistant

participants in our sample. Another limitation was
the relatively short interval (i.e., 12 weeks) between
the two DEXA scans, which impeded our ability to
detect an impact of treatment response on leanmuscle
mass. Successful treatment of LLD typically leads to
an increase in physical activity (Lindwall, et al., 2011),
which in turn could lead to an increase in lean muscle
mass. However, such an indirect impact of depressive
symptom improvement on leanmusclemass would be
unlikely to be detected over such a short interval. Our
results need to be interpreted in the context of these
strengths and limitations.

In conclusion, both LLD and body composition
are important clinical entities that impact on health
outcomes in late life. Our study provides data in the
TR-LLD population that contrast with existing evi-
dence in the general LLD population. The mechan-
isms linking depression and body composition
deserve further investigation in both groups.
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