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Abstract
Introduction The use of androgen deprivation therapy
(ADT) in the treatment of prostate cancer is associated
with changes in body composition including increased
fat and decreased lean mass. Limited information exists
regarding the rate and extent of these changes. This
systematic review was conducted to determine the
effects of ADT on body composition in prostate cancer
patients.
Methods Literature searches were conducted on MEDLINE,
EMBASE and Web of Science for studies until January 2009.
Only longitudinal studies that examined ADT and body
composition in prostate cancer patients were included. Data
were extracted on body weight, BMI, percentage of fat mass
and lean body mass.
Results Sixteen studies (14 cohorts and 2 RCTs) met the
inclusion criteria. Pooled data, calculated according to a
random effects model, showed that ADT increased % body
fat by on average 7.7% (95% CI 4.3, 11.2, from seven studies,

P<0.0001) and decreased % lean body mass by on average
−2.8% (95% CI −3.6, −2.0, from six studies, P<0.0001) but
for both there was marked heterogeneity between studies
(I2=99% I2=73%, respectively). Similarly, body weight
(2.1%, P<0.0001 from nine studies) and BMI (2.2%, P<
0.0001, from eight studies) increased significantly. More
extensive changes were seen with longer duration of
treatment.
Conclusions Substantial increases in fat and declines in
lean mass were observed in prostate cancer patients treated
with ADT. Lifestyle changes or suitable interventions to
minimize the effect of ADT on body composition need to
be investigated.
Implications for cancer survivors Prostate cancer survivors
should be made aware of the side effect of treatment on
body composition and further work is required to determine
what interventions can minimize the impact of ADT on
body composition and therefore what evidence based
advice they should be provided with. In general, though
recommendation of a healthy diet and moderate exercise is
reasonable.
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Introduction

Androgen deprivation therapy (ADT) is increasingly used
as an essential component in the treatment of prostate
cancer. It is often used as initial sole therapy in advanced
or metastatic disease and in combination with radiother-
apy or surgery in the localised or locally advanced
setting [1]. The number of prescriptions of ADT for
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treating prostate cancer in the UK increased from 33,000
in 1987 to 470,000 in 2004 [2]. Reduction of testosterone
to castrate levels (androgen deprivation) can be achieved
by either surgical (orchidectomy) or medical castration
[using Luteinizing hormone-releasing hormone analogues
(LHRHa) or Luteinizing hormone-releasing hormone
antagonists (LHRHant)], with or without anti-androgens
[3]. Androgens, in particular testosterone, play an essential
role in men’s health. Testosterone is needed for normal
male development, muscle strength, and bone mineralization,
and has haemopoietic as well as sexual and reproductive
functions [4]. Moreover, serum testosterone concentrations
correlate positively with muscle mass and negatively with fat
mass; consequently weight and fat mass increase and lean
mass decreases with ADT [5]. These unfavourable changes
in body composition associated with ADT may contribute to
the fatigue, decreased physical functioning, emotional
distress and lower overall quality of life experienced in this
patient group [6, 7]. Moreover, ADT induced obesity may
increase the risk of cardiovascular disease, adult onset of
diabetes mellitus, hypertension, stroke, dyslipidemia, osteo-
arthritis and some other cancers [8]. Aging is accompanied
by important changes in the endocrine system, character-
ized by decreased testicular function with a decline in
testosterone levels. Given that prostate cancer affects older
men, it can be expected that ADT related side-effects
could exacerbate age-related weight gain and loss of muscle
mass, further compromising muscle strength, physical and
psychological functioning, independent living, morbidity and
mortality.

When used in the advanced or metastatic setting, ADT
has an initial response rate greater than 80% with a
median duration of response of 12–24 months after
which Castration Resistant Prostate Cancer (CRPC)
emerges [3]. A number of randomized trials have
demonstrated that ADT used in combination with radio-
therapy can lead to improved survival rates compared with
radiotherapy alone [9-11]. An improvement in 10-year
survival favouring surgery plus ADT compared to radical
prostatectomy alone has also been reported [12]. As a
consequence, men may live for substantial periods on
ADT or post-ADT treatment and the long term conse-
quences of body composition changes associated with
ADT treatment are of increasing importance e.g., muscle
mass and bone density reduction may increase the risk of
falls and fractures [13]. Effective strategies are required to
minimise the body composition changes association with
ADT but it is first necessary to robustly document these
changes, especially in relation to duration and type of
treatment. Therefore, we performed a systematic review
and meta-analysis of longitudinal studies to determine the
influence of routinely prescribed ADT on body composi-
tion in prostate cancer patients. In addition, we sought to

synthesize the evidence on body composition associated
with varying durations and forms of ADT.

Methods

Articles searched

The search strategy was developed with the help of a
medical librarian to identify potentially relevant studies.
The electronic databases MEDLINE, EMBASE and Web
of Science were systematically searched for longitudinal
studies of prostate cancer patients treated with ADT and
body composition as the outcome measure. Each data-
base was searched from its inception until January 2009.
There were no restrictions regarding the dates of
publication, study design, language, or country of origin.
We used search terms Medical Subject Heading (MESH)
terms and key words related to prostate cancer (prostate
cancer, prostatic neoplasms, prostate carcinoma, cancer
of prostate), androgen deprivation therapy (androgen
antagonists, androgens, androgen deprivation, orchid-
ectomy, gonadotropin-releasing hormone, GnRH ago-
nists, luteinizing hormone, testosterone hormone
antagonists, LHRH antagonist, LHRH analogues, anti-
androgen) and body composition (body composition,
body mass index, body fat mass, total fat, lean body
mass, muscle, abdomen fat, body weight, obesity). The
reference list of retrieved articles was also checked for
relevant studies.

Study selection

Duplicates were excluded and two independent reviewers
(FH, MMC) screened the titles and abstracts of identified
studies to assess relevance. Papers deemed potentially
relevant were obtained, and the same independent
reviewers reviewed the full papers for inclusion.

Inclusion criteria

We included primary research studies that reported data
changes in body composition occurring after ADT use in
prostate cancer patients. The measures of body compo-
sition included were body weight, BMI, percentage fat
mass and percentage lean mass. Studies were checked for
the following criteria: 1) the study was a full report
published in a peer reviewed journal; 2) the study was
longitudinal; 3) prostate cancer was histologically con-
firmed; 4) prostate cancer patients received one or more
hormone treatments (e.g., LHRH, GnRH, anti-androgen)
or had undergone orchidectomy; 5) the study provided
data on the change in at least one measure of body
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composition following ADT. Articles were included if
they met all five criteria.

Exclusion criteria

Review articles were not included. Studies were excluded if
they presented data pertaining to animal models or included
treatment methods other than ADT or combined treatment
(radiology/chemotherapy/prostatectomy with ADT) or if a
change in body composition could not be calculated.
Several case control studies identified through the search
compared body composition in men with prostate cancer to
a control population e.g., prostate cancer patients not
receiving ADT or healthy men. As these studies did not
provide baseline (before treatment) information on body
composition, changes in body composition could not be
examined and the studies were therefore excluded.

Data extraction

Information on patients, methods, interventions and outcomes
was extracted from the original reports by two independent
reviewers (FH, MMC) onto pre-designed and tested forms.
Disagreements were resolved by consensus. If multiple
studies presented findings from the same cohort, we used
these data only once in our analysis. We extracted the
following data from each study: participant characteristics
(e.g., age, cancer stage), treatment received (e.g., form, dose,
frequency, and duration of hormone therapy) and clinical
outcomes (e.g., weight, BMI, percentage of fat mass and lean
body mass). Because the terms lean body mass and fat-free
mass are typically used interchangeably in the literature, we
reported fat-free mass and lean body mass data as a single
category of lean body mass. Similarly, we reported body
mass and body weight as a single category of body weight.

In order to collate the information reported we selected
the mean and SE of the percentage change in measures of
body composition. If the percentage change in weight or
BMI was not available we calculated the difference
between the initial and final weight or BMI, expressed as
a percentage of the baseline value, and imputed a SD of
4.59% and 4.53% for weight and BMI respectively. These
SD values were a conservative estimate based on the upper
limit of all of the observed results [14]. This calculation
was not required for percentage fat mass and lean mass as
they were reported as a percentage change in the selected
articles. In studies that reported percentage changes in body
composition measures as medians and ranges, these were
converted to mean and SE according to the methods
reported by Hozo et al. [15]. Where RCTs compared ADT
to anti-androgen, we included the data from the ADT
treatment group in the overall analysis examining the effect
of ADT on body composition.

Statistical analysis

Mean percentage changes (SE) in body composition
measures in each study were pooled using random effects
models after heterogeneity among the trials was considered.
All results were calculated with 95% confidence intervals
(CIs). Sensitivity analyses were performed and assessed
inter-study heterogeneity to evaluate the robustness of the
results. Each study was removed individually to evaluate its
effect on the summary estimate. The heterogeneity among
study results for each of the summary effects is presented
by showing the chi-square (and associated P value) and I2

statistics. In predetermined subgroup analysis we stratified
studies by duration and type of treatment and evaluated
sources of heterogeneity. The analyses were performed
Review Manager (RevMan) software, version 5 (Cochrane
Collaboration). SPSS, version 17 was used to plot the
studies in scattered diagram to present the percentage of
change over the months of ADT treatment.

Subgroup analyses based on treatment characteristics,
including: type of treatment provided (LHRH/GnRH ana-
logue and combination with anti-androgen) and duration of
intervention (≤3, ≤6 and >6 months), were also completed.

Results

Studies retrieved

Figure 1 summarizes the results of our literature search. A
total of 1,126 titles from MEDLINE, EMBASE and Web of
Science databases were reviewed. From the electronic
search we retrieved 121 articles for full-text evaluation
and found one additional title from our bibliographic

1126 potentially relevant articles identified
and title/abstract screened for retrieval

MEDLINE: 211
EMBASE: 417
SCI: 824

Deleted for duplication = 326

1005 articles excluded for
lack of data on specific
body composition

121 articles reviewed in full text

106 articles excluded:

No relevant outcome=100
Repeat publication=1
No SD/SE reported=2
Case control study =3

16 articles included in review:

From retrieved articles= 15
From bibliographic mining =1

Figure 1 Study flow diagram.
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search. Smith et al. [16] presented data on one treatment
group of patients from a trial and included data on BMI,
which was not presented in the report of the trial [17]. Data
from both papers were therefore included in the relevant
meta-analyses.

Study characteristics

Sixteen longitudinal studies were included in the systematic
review, 14 cohort studies [7, 16, 18-29] and two RCTs [17,
30]. Both RCTs were the continuation phase of a randomized
design comparing the efficacy of two types of hormone
therapy (LHRH analogue vs. anti-androgen). The studies
were conducted in several different countries including Italy,
Belgium, Poland, United Kingdom, Australia, Japan and the
United States. The studies were conducted using a conve-
nience sample of patients rather than a random selection.
Dropout rates were infrequently reported but appeared to be
low; only three studies [17, 21, 27] reported loss to follow-
up ranging from 2 to 20%.

Patient characteristics

Information from 573 patients was available for inclusion in
this meta-analysis from 16 studies. These studies included a
wide range of cancer stages including localized, advanced,
recurrent, metastatic, non-metastatic, lymph node positive but
not bone metastases, stage A to D and stage T2-T4 [31]
(Table 1). The study populations were comparable in age and
body composition at baseline, most were elderly [mean age
69.8 (SD=8.5)] and overweight [mean BMI 27.0 (SD=3.7)
kg/m2 and mean weight 79.8 (SD=12.8) kg] (Table 2).
However, the length of time of treatment and the frequency
of body composition measurements varied across studies.
Moreover, the populations differed between studies with
respect to other clinical characteristics and co-morbidities
e.g., evidence of cardiac or cerebrovascular disease, history
of kidney, or liver disease; problems with bone metabolism
or osteoporosis; history of diabetes, endocrine disorders, or
inflammatory disease.

Treatment characteristics

The type of ADT used varied considerably between studies
(Table 1) and evaluated the changes in body composition
with a single agent, LHRH analogue or a combination
regimen with anti-androgen.

Change in body weight and BMI

Figure 2 shows the changes of body weight and BMI. These
studies provided data on weight change for 289 patients with

periods of treatment varying from 1 to 12 months. All
studies reported an increase in weight among participants
(range 0.6–5.4%), which was statistically significant in five
studies [23, 24, 26, 27, 29]. In studies wherein subject body
weights were measured at different time points (1 and
3 months; 6 and 12 months; 2, 6 and 12 months) [18, 24, 25,
29], we considered the change from baseline to the last time
point in our pooled analyses and in more than half of these
studies the duration was 1 year. The pooled mean percentage
change in weight was 2.1% (95% confidence interval 1.4–
2.9%, P<0.00001), but this estimate incorporated significant
heterogeneity (Fig. 2).

Eight studies [7, 16, 18, 20, 24, 27-29], involving 208
patients treated with ADT for between 3 and 12 months,
provided data on change in BMI (Fig. 2). All except one
[20] showed that use of ADT resulted in an increase in BMI
and in four studies the increases were statistically signifi-
cant [16, 24, 27, 29]. The pooled estimate of mean
percentage change in BMI, although showing considerable
heterogeneity, was 2.2% (95% confidence interval 1.2–
3.1%, P<0.0001) (Fig. 2).

Changes in percentage fat mass and lean mass

Mean percentage change in fat mass, as measured by dual
energy x-ray absorptiometry (DEXA), was presented in
seven studies [17, 19, 21, 22, 26-28] (Fig. 3). Treatment
duration varied from 3 to 12 months, but all studies showed
statistically significant gains in fat mass irrespective of the
duration or type of treatment received. The pooled estimate
of mean change in fat mass was (7.7%; CI, 4.3–11.2%, P<
0.0001), however heterogeneity was high. A total of 325
patients were included in this meta-analysis (Fig. 3).

Six studies [17, 22, 26-28, 30], involving 260 patients
and with treatment periods ranging from 3 to 24 months,
reported the % change in percentage of lean mass (Table 2).
Loss of lean mass was reported in all of the studies and the
pooled estimate was −2.8% (95% CI, −3.6% to −2.0%, P<
0.00001) (Fig. 3).

Subgroup analyses

Subgroup analyses were carried out according to duration
(≤3 months, ≤6 months, and >6 months) and type of
treatment (LHRH analogue or combination of LHRH with
anti-androgen) (Table 3). Increases in body weight and BMI
were seen at 3 months and were more pronounced
(approximately twice as large) with treatment periods in
excess of 6 months. A significant increase in weight was
evident even within one month of treatment (1.96%
increase; 95% CI 0.54–3.39) in two studies [24, 25]. At
12 months the changes were highly significant (P<
0.00001) for all measurements of body composition; weight
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% of change in body weight

% of change in BMI

Studies

Berruti et al (18)
Denti et al (20)
Nowicki et al (24)
Smith et al (27)
Smith et al (28)
Smith et al (16)
Stone et al (7)
Tayek et al (29)

Total (95% CI)

Heterogeneity: Chi² = 19.11, df = 7 (P = 0.008); I² = 63%
Test for overall effect: Z = 4.25 (P < 0.0001)

35
16
18
32
25
26
46
10

12
3 
3 
12
3 
12
3 
12

14.0%
10.2%
10.7%
13.6%
16.0%
12.5%
15.2%
7.8%

100.0%

1.93 [0.42, 3.44]
-0.39 [-2.60, 1.82]

4.05 [1.95, 6.15]
2.40 [0.83, 3.97]
0.80 [-0.38, 1.98]
3.10 [1.34, 4.86]
1.57 [0.26, 2.88]
5.16 [2.36, 7.96]

2.15 [1.16, 3.14]

-4 -2 0 2 4

Studies 

Berruti et al (18)
Nishiyama et al (23)
Nowicki et al (24)
Smith et al (25)
Smith  et al (27)
Smith et al (17)
Smith et al (26)
Smith et al (28)
Tayek et al (29)

Total (95% CI)

Heterogeneity: Chi² = 17.59, df = 8 (P = 0.02); I² = 55%
Test for overall effect: Z = 5.30 (P < 0.00001)

35
42
18
22
32
26
79
25
10
 

12 
6 
3 
3 
12 
12 
12 
3 
12

12.0%
12.9%
8.5%
9.5%

11.7%
10.4%
16.2%
13.1%
5.7%

100.0%

1.60 [0.07, 3.13]
0.83 [-0.56, 2.22]
3.84 [1.72, 5.96]
2.41 [0.49, 4.33]
2.40 [0.83, 3.97]
3.20 [1.44, 4.96]
1.80 [0.82, 2.78]

0.60 [-0.77, 1.97]
5.37 [2.53, 8.21]

2.14 [1.35, 2.94]

Change in percentage
(95% CI)

Mean Difference
  95% CI Random

 Duration  Number
of patients

  Number
of patients

 (month)

-4 -2 0 2 4

Study
weight

Change in percentage
(95% CI)

Mean Difference
95% CI Random

Duration
(month)

Study
weight

Figure 2 Effect of ADT on
mean changes in percentage of
body weight and BMI.

Table 2 Baseline characteristics of participants

Studies Mean Age (SD), y Mean weight (SD), kg Mean BMI (SD), kg/m2 % fat mass, kg % lean mass, kg

Berruti et al. [18] 75±6.3 73.4±11.7 25.9±3.6 NR NR

Boxer et al. [19] 71.9±7.1 NR 26.8±3.1 29.8±6.4 NR

Denti et al. [20] 73±6.6 NR 25.7±3.6 NR NR

Galvo et al. [21] 73.5±8.3 NR 27.1±3.8 25.8±4.95 NR

Lee et al. [22] 66±10 NR 27.5±3.4 27.1±4.9 69.7±4.7

Nishiyama et al. [23] 69±6.3 60.1±8.4 NR NR NR

Nowicki et al. [24] 67±9 70.4±12.2 24.7±3.6 NR NR

Sieber et al. [30] 75.2±7.3 83.9±15.3 NR NR NR

Smith et al. [25] 67±8 83±14 NR NR NR

Smith et al. [27] 66±11.3 81.9±9.6 26.9±2.8 26.4±6.2 70.3±5.7

Smith et al. [17] 65±10 NR 27.1±3.4 25.1±4.8 NR

Smith et al. [26] 71±9 87.9±15.1 28.4±4.4 28.0±7.1 68.7±7.1

Smith et al. [16] 65±10 83.3±10.7 27.1±3.4 25.1±4.8 NR

Smith et al. [28] 68±10 89.5±13.5 29.1±4 28.7±6 68.1±5.5

Stone et al. [7] 69±6.3 NR 25.4±3.7 NR NR

Tayek et al. [29] 74±4 74.5±12 25.2±2.5 NR NR

NR- not reported
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increased by 2.46% (95% CI 1.50, 3.42), BMI increased
2.78% (95% CI 1.70, 3.86) and percentage fat increased by
9.39% (95% CI 7.02, 11.75); and the percentage lean mass
decreased by 3.0% (95% CI −3.88, −2.32). The percentages
of changes over the time period of treatment are presented
in Fig. 4.

Body composition outcomes appeared to differ by
treatment type. Less pronounced changes were reported in
patients treated with combined androgen blockade rather
than LHRH analogues monotherapy (Table 3), although
these differences were not statistically significant. In two
RCTs [17, 30], there was a greater decrease in mean
percentage lean mass in the LHRH analogue treated
patients compared to those treated with anti-androgen
monotherapy. The pooled percentage change in lean mass
was −1.3% (95% CI −2.5, −0.1) lower in the anti-androgen
groups compared to LHRH analogue groups (data not
shown).

Sensitivity analyses

A number of sensitivity analyses were performed including
removal of each study one at a time, removal of the studies
in which corrections were made to obtain the percentage
change in weight/BMI, and removal of studies on the basis

of treatment duration. In general, heterogeneity was
reduced but not eliminated in these sensitivity analyses,
and no important changes occurred in the pooled estimates
of body composition measures.

Discussion

This meta-analysis examined the effects of ADT on body
composition in men with prostate cancer and includes the
results from 16 studies and 573 prostate cancer patients.
The meta-analysis confirms that ADT adversely influences
body composition, as it induces weight gain, increases BMI
and fat mass and decreases lean body mass.

Our study is the first systematic review of published data
from prospective studies on body composition changes in
men undergoing ADT for prostate cancer. Similar results
have been reported in cross-sectional studies of men with
prostate cancer compared to age matched controls [32, 33].
We did not include such studies in our analyses, as the
appropriateness of such comparison groups is questionable.
In a 2-year prospective study, declines in lean body mass
and increases in body fat were reported in prostate cancer
patients receiving ADT compared with patients who were
not and healthy controls [34]. These data were not included
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Figure 3 Effect of ADT on
mean percentage of changes of
% of fat mass and % of lean
mass.
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in our meta-analysis because baseline (pre-treatment) body
composition measures were not available. However, the
studies in our meta-analysis did not have a non-ADT
comparison group. Therefore in part, the change in body
composition reported may have resulted from normal aging
rather than ADT. However, in a cross-sectional study,
Basaria et al. [35] did not find any difference in total body
fat mass in untreated prostate cancer patients and healthy
controls matched for age. Similarly in prospective studies
of healthy older men, fat mass and lean body mass were not
altered after 2 or 3 years of treatment [34, 36]; suggesting
that aging alone cannot account for the marked body
composition changes observed in our reviewed studies.

Traditionally, ADT was reserved for patients with
advanced stages of prostate cancer (metastasized to bone),
however over the past 15 years it has become a component
in the standard therapy for locally advanced prostate cancer
both alone and in combination with radiotherapy [9, 37].
The number of prostate cancer patients receiving ADT is
therefore increasing rapidly [2]. Prostate cancer patients are
surviving for longer periods because of earlier diagnosis
and treatment and the long-term consequence of ADT on
body composition is becoming increasingly important. A

high BMI or weight is thought to be a risk factor for the
development of high-grade prostate cancer [38] and
metastasis [39] and significantly decreases survival rates
and life expectancy [39, 40]. Furthermore, a recent large
observational study has indicated a relationship between an
increased incidence of diabetes, coronary heart disease,
myocardial infarction and sudden cardiac death with ADT
[41]. The findings of this review collectively indicate the
importance of maintaining optimal weight and body
composition in prostate cancer patients during treatment
with ADT.

It is well known that androgens modulate body
composition by influencing lipid metabolism [27, 42],
resulting in obesity. The marked increases in fat mass
observed in prostate cancer patients suggest that androgen
deprivation therapy may increase the risk of a variety of
co-morbid conditions [8]. Moreover, reduced lean mass is
directly associated with impairments and compromised
physical functioning in older adults [43, 44]. In addition,
the decline in lean mass would compromise the basal
metabolic rate and hence energy requirement; further
exacerbating the increase in fat mass associated with
ADT. Therefore, strategies aimed at preserving lean mass

Table 3 Subgroup analysis of mean percentage changes in measures of body composition

Outcome No. of Studies Pooled percentage change (95% CI) Heterogeneity

Weight

Duration of treatment

− <=3 months 4 1.27 (0.33, 2.20), P=0.008 Chi2=2.29, P=0.51, I2=0%

− <=6 months 6 1.76 (0.64, 2.89), P=0.002 Chi2=12.23, P=0.03, I2=59%

− >6 months 5 2.37 (1.54, 3.20), P<0.0001 Chi2=6.81, P=0.15, I2=41%

Type of treatment

- LHRH 3 3.10 (1.18, 5.01), P=0.002 Chi2=5.69, P=0.06, I2=65%

- LHRH and anti-androgen (Combination) 6 1.76 (0.97, 2.62), P<0.001 Chi2=9.23, P=0.06, I2=46%

BMI

Duration of treatment

− <=3 months 5 1.42 (0.19, 2.66), P=0.02 Chi2=9.70, P=0.05, I2=59%

− <=6 months 6 1.60 (0.44, 2.75), P=0.007 Chi2=13.60, P=0.02, I2=63%

− >6 months 4 2.78 (1.70, 3.86), P<0.0001 Chi2=4.30, P=0.23, I2=30%

Type of treatment

- LHRH 3 3.06 (1.46, 4.67), P=0.0002 Chi2=4.11, P=0.13, I2=51%

- LHRH and anti-androgen (Combination) 5 1.65 (0.46, 2.85), P=0.007 Chi2=11.10, P=0.03, I2=64%

% Fat mass

Type of treatment

- LHRH 3 9.05 (7.00, 11.10), P<0.0001 Chi2=7.40, P=0.02, I2=73%

- LHRH and anti-androgen (Combination) 4 6.60 (2.57, 10.62), P<0.0001 Chi2=38.96, P<0.0001, I2=92%

% Lean mass

Type of treatment

- LHRH 3 −3.07(−4.32, −1.82), P<0.0001 Chi2=8.61, P=0.001, I2=77%

- LHRH and anti-androgen (Combination) 3 −2.60(−3.93, −1.28), P=0.0001 Chi2=9.69, P=0.008, I2=79%
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will also assist in attenuating the increase in fat mass.
Resistance training has been reliably shown to be a safe
and effective strategy to improve muscle mass and
function in older adults [45], including the very old [46].
Experimental studies examining the role of exercise
during ADT treatment for prostate cancer have shown
that 10–20 weeks of exercise is an effective way to reduce
fatigue, improve quality of life, increase muscular fitness,
muscle strength, muscle thickness, functional performance
and balance independent of induced changes in body
composition [47-49]. In addition, 20 weeks exercise has
been shown to preserve lean body mass and prevent an
increase in fat mass in men undergoing ADT for prostate
cancer [47]. Changes in dietary intake at the time of
treatment may also help to counteract the changes in body
composition associated with ADT, though dietary modifi-
cation was not included in any intervention alongside
exercise.

We found that a longer duration of ADT treatment
independently predicted greater weight gain and fat accumu-
lation but body composition changes appear to start very early
after initiation of treatment. Smith et al. [25] reported weight
gain from 84±14 kg at baseline to 85±14 kg at 1 month and
decreased lean mass from 63.2±6.8 kg at baseline and 62.3±
5.4 kg after 1 month (P=0.003) of ADT in newly diagnosed
prostate cancer patients. Similarly, Polish researchers [24]
observed a significant increase in weight and BMI after just
4 weeks of treatment with weight increasing from 70.4±12.2
to 71.4±12.6 and BMI from 24.7±3.6 to 25.1±3.7 (P for
both <0.01). In follow up, approximately two-thirds (66%)
of the observed weight gains and 80% of observed changes
in fat and lean mass were evident at 6 months [16]. Most of
the trials in this review were for 12 months duration except
Sieber et al. [30], wherein a considerable change in lean
mass was noticed from 6 months and became more
prominent by 24 months. Studies of a greater duration are

Figure 4 Mean percentage of change in body composition- (a) body weight, (b) BMI, (c) fat mass (d) lean mass over the months of treatment
with ADT.
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needed to assess the long-term affect of ADT treatment
considering evidence for adverse changes in body composi-
tion with continued treatment. Moreover countermeasures,
such as age-appropriate exercise and low calorie diet, should
be encouraged in this patient group from the beginning of
treatment to help stabilise or even mitigate the rate of change
in body composition that frequently occurs after induction of
ADT.

In subgroup analysis, our pooled estimate showed that anti-
androgen might offer an important advantage compared to
LHRG analogue monotherapy in terms of changes in body
weight, BMI, and percentage of fat mass and lean mass. These
findings are consistent with the results of two RCTs [17, 30].
Anti-androgen monotherapy is increasingly being used as an
alternative to LHRH based ADT for the treatment of prostate
cancer patients [50, 51]. This study showed anti-androgen
(bicalutamide) resulted in an increase in testosterone level
with excellent androgen blockade [52] and may, therefore, be
expected to have a beneficial effect on body composition
compared with LHRH based ADT. Anti-androgen mono-
therapy is approved to treat locally advanced prostate cancer
in 55 countries; in the United States anti-androgen is only
approved for use in combination with LHRH analogue [53].
In RCTs of men with non-metastatic prostate cancer, overall
survival was similar for anti-androgen monotherapy and for
either bilateral orchiectomy or treatment with a LHRH
agonist [54-56]. Bicalutamide 150 mg monotherapy also
has been shown to have survival advantage in locally
advanced patients in combination with radiotherapy [57].
Therefore, anti-androgen monotherapy appears to be a
preferred treatment as an alternative to LHRHa for prostate
cancer considering the changes in body composition in the
locally advanced setting.

Strength

The strengths of this review include the application of wide
search criteria to capture all potentially relevant articles. We
only included prospective studies with body composition
measured at both baseline and following ADT treatment
and excluded cross-sectional studies that compared body
composition in ADT treated prostate cancer patients to non-
ADT treated patients or non patient populations. Fat and
lean body mass were measured by using the gold standard
method, DEXA [58].

Limitation

Most of the study participants were white, and therefore
observed changes in body composition may not be general-
isable to other racial or ethnic groups. Inferences from our
review regarding changes in body composition associated
with ADT need to be considered in the context of inadequate

adjustments of confounders in the primary studies. There was
a dearth of information pertaining to e.g., physical activity and
energy intake in the studies and none reported the adjusted
results. However, changes in these factors may have influ-
enced the body composition outcomes investigated. In
general, the studies included were small and may have had
inherent sample selection biases due to purposive sampling.
As data was unavailable to determine the standard deviation of
change from baseline and there was no correlation coefficient
provided, the absolute change in mean and standard deviation
could not be calculated [59].

Clinical implications

As this meta-analysis indicates, changes in body composi-
tion commence almost immediately after induction of ADT;
oncologists should therefore consider early initiation of
prophylactic measures to counteract the ensuing weight
gain and reduction in lean mass which may have a negative
impact on fitness, physical functioning, increasing the
likelihood of fractures and related morbidities in this patient
group. The option of combined or intermittent ADT or anti-
androgen monotherapy may need to be taken into account
where appropriate, considering the effect of LHRH mono-
therapy on body composition.

Future research

Larger prospective studies with longer follow-up are neces-
sary to confirm the long-term effect of ADT on body
composition with ADT. Measurements should be taken of
body composition well as the subsequent biochemical and
physiological changes in RCTs and other studies examining
the effects of ADT. There is also a need for adequately
powered RCTs to test the effectiveness of exercise and dietary
interventions to minimise body composition changes and their
sequelae in prostate cancer patients treated with ADT.

Conclusions

This review summarizes the best available evidence
regarding the effects of ADT on body composition in
prostate cancer patients. Significant increases in body
weight, BMI, percentage body fat and declines in lean
body mass were reported in studies of ADT where a wide
range of prostate cancer patients were included. The
changes occur early in treatment, become more pronounced
with longer-term therapy and are more marked in patients
treated with LHRH analogues rather than in combination
with anti-androgens. There is a need to investigate
strategies to reduce the adverse body composition changes
associated with ADT in prostate cancer patients.
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