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ABSTRACT
Objectives: To assess the adverse impact of the first 5months of androgen deprivation therapy on
body composition, physical performance, cardiometabolic health and health-related quality-of-life in
prostate cancer patients.
Materials and Methods: Thirty-four prostate cancer patients (70±7 years) were assessed shortly after
initiation of androgen deprivation therapy and again 5months thereafter. Measurements consisted of
whole-body dual-energy x-ray absorptiometry (body composition), computed tomography scanning of
the upper leg (muscle mass), one-repetition maximum leg press (muscle strength), cardiopulmonary
exercise testing (aerobic capacity), blood draws (metabolic parameters), accelerometry (habitual phys-
ical activity) and questionnaires (health-related quality-of-life). Data were analyzed with Student’s
paired t-tests.
Results: Over time, whole-body fat mass (from 26.2 ± 7.7 to 28.4 ±8.3 kg, p< 0.001) and fasting insulin
(from 9.5 ±5.8 to 11.3 ± 6.9mU/L, p< 0.001) increased. Declines were observed for quadriceps cross-
sectional area (from 66.3 ±9.1 to 65.0 ±8.5 cm2, p< 0.01), one-repetition maximum leg press (from
107±27 to 100±27 kg, p< 0.01), peak oxygen uptake (from 23.2 ± 3.7 to 20.3±3.4mL/min/kg body
weight, p< 0.001), step count (from 7,048±2,277 to 5,842±1,749 steps/day, p< 0.01) and health-
related quality-of-life (from 84.6 ±13.5 to 77.0 ±14.6, p< 0.001).
Conclusions: Androgen deprivation therapy induces adverse changes in body composition, muscle
strength, cardiometabolic health and health-related quality-of-life already within 5months after the start
of treatment, possibly largely contributed by diminished habitual physical activity. Prostate cancer patients
should, therefore, be stimulated to increase their habitual physical activity immediately after initiation of
androgen deprivation therapy, to limit adverse side-effects and to improve health-related quality-of-life.
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Introduction

Androgen Deprivation Therapy (ADT) forms the cornerstone of
treatment for (locally) advanced and metastatic prostate can-
cer (PCa) [1]. While being effective in (temporarily) stopping
disease progression, ADT can lead to adverse health effects.
PCa patients lose muscle mass (�2%) [2] and gain fat mass
(�11%) [3] in the first year of ADT. In addition, cross-sectional
studies indicate that PCa patients undergoing ADT have
decreased aerobic capacity [4], unfavorable blood lipid profiles
and impaired blood glucose homeostasis [5], resulting in a
higher risk of developing cardiovascular comorbidities [6].

In contrast to the evident changes in body composition
and cardiovascular risk profile, the adverse effects of ADT on
muscle strength and physical performance are less conclu-
sive. Studies show that PCa patients either preserve [7] or
slightly lose [8] muscle strength, with physical performance
remaining unchanged [8] or decreasing [9]. Equally uncertain
is the impact of ADT on health-related quality-of-life
(HRQoL), which has been shown to decrease among PCa
patients in some [10] but not all studies [11].

Discrepancies in literature are likely attributed to the
inclusion of PCa patients who were assessed at a variety of
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stages during their treatment with ADT. To obtain more
insight in the early development of these adverse side-
effects, longitudinal research directly upon ADT initiation is
required. Furthermore, previous studies often chose to
exclude PCa patients with comorbidities and bone metasta-
ses. However, it is important to include these vulnerable
patients in order to obtain results that are generalizable to
the entire PCa patient population. In addition, longitudinal
data on changes in lifestyle factors (e.g. habitual nutritional
intake and physical activity) which are likely to contribute to
the adverse effects of ADT are generally lacking. Therefore,
assessing the wide variety of adverse effects and modifiable
lifestyle factors, following the onset of ADT initiation, will
paint a better picture on the magnitude and coherence of
the ADT-induced adverse effects. Moreover, this information
is crucial to obtain more insight in the type and preferred
timing of interventions aiming to counteract the adverse
effects of ADT.

Forty patients with diagnosed PCa were recruited to par-
ticipate in this study that assessed the full spectrum of ADT-
induced adverse side-effects, including modifiable lifestyle
factors, during the first 5months of treatment. This study
provides an extensive overview of the impact of commenc-
ing ADT on body composition, physical performance, cardio-
metabolic health and HRQoL in PCa patients.

Methods

Patients

From June 2018 to February 2021, 40 PCa patients were
included in the study. The inclusion criterium was that
patients had to be started with gonadotropin-releasing hor-
mone (GnRH) agonists or antagonists for at least 6 months.
Exclusion criteria were: any contraindications for maximal
exercise testing, an estimated life expectancy < 1 year, cogni-
tive disorders, severe emotional instability, or the inability to
speak, understand or read the Dutch language. The study
was approved by the Medical Ethical Committee of the
Maastricht University Medical Centerþ (MUMCþ), The
Netherlands (METC 16-3-040), and all patients signed written
informed consent. This study was part of a greater project
investigating the impact of resistance exercise and protein
supplementation on counteracting the adverse effects of ADT
in PCa patients and registered at the Dutch Trial Register
(International Clinical Trial Registry Platform: NTR6432).

Study design

Potential participants were referred to the investigators by
their treating urologist or urology nurse. The investigators
provided full oral and written study information. After �
1week, interested patients were invited for a screening visit
to confirm eligibility, obtain informed consent, evaluate med-
ical history and in- and exclusion criteria, measure blood
pressure and perform a cardiopulmonary exercise test (CPET).

At ADT initiation, baseline anthropometric measurements
(height, body weight, waist circumference), computed

tomography (CT) of the dominant leg, whole-body dual-
energy X-ray absorptiometry (DXA) were performed and
fasting blood samples were collected. After lunch, physical
performance tests and maximal strength assessments were
done. The screening visit and baseline measurements were
preferably separated by at least 7 days. During this time
period, patients were instructed to wear an accelerometer
and to fill out a 3-day food diary and several questionnaires.
All baseline measurements were repeated 5months later at
the second assessment day. The CPET was performed at least
48 h before or after the 5month measurements, to prevent
any influence on the other outcome measurements.
Throughout the manuscript, causal terminology is used with
the awareness that other factors than ADT (e.g. additional
treatment) also contributed to the observed changes.

Dietary intake and physical activity

Patients were instructed to refrain from any exhaustive phys-
ical activity 48 h before the experimental test days and to
arrive in a rested and fasted state. In the week prior to the
experimental test days, patients reported their dietary intake
on two weekdays and one weekend day. Average daily diet-
ary intake was calculated using web-based software
Eetmeter (Voedingscentrum, Den Haag, The Netherlands).
Patients were instructed to wear a triaxial accelerometer
(wGT3X-BT; ActiGraph, Pensacola, FL) on their waist during
wakefulness for 7 days prior to the experimental test days.
Data were extracted with ActiLife (version 6.13.4; ActiGraph)
and included in the analyses if patients wore the accelerom-
eter for a minimum of 5 days and at least 10 h per day.

Body composition

Body weight, height and waist circumference were measured
after voiding. Quadriceps muscle cross-sectional area (CSA) of
the dominant leg was assessed by CT scanning (SOMATOM
Definition Flash; Siemens, M€unchen, Germany) as described
previously [12] and calculated by manual tracing using ImageJ
software (version 1.52p, National Institute of Health, Bethesda,
MD). Lean mass and fat mass were assessed by whole-body
DXA (Discovery A; Hologic, Marlborough, MA [MUMCþ and
JBZ] and LUNAR iDXA; GE Healthcare, Chicago, IL [JBZ]).

Physical performance and muscle strength

Physical performance was assessed by the timed up and go
test [13], the 30-second chair stand test [14] and the stair
climb test [15]; always performed in the same order. Maximal
strength was assessed by one-repetition maximum (1RM)
tests on the leg press (Technogym, Milan, Italy) and leg
extension machines (Technogym, Milan, Italy [MUMCþ] and
Keiser Corporation, Fresno, CA [JBZ]). Patients started with a
warm-up on a cycle ergometer followed by a warm-up of 10
and 5 repetitions at a selected load on the specific exercise
machines. Subsequently, the 1RM was determined by
increasing the load after each successful single lift until fail-
ure [16].
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Cardiopulmonary exercise testing

Patients’ maximal workload and aerobic capacity was tested
with a CPET to exhaustion with continuous electrocardiogram
monitoring and respiratory gas analysis. Patients performed an
individualized ramp protocol [17] on a cycle ergometer (Lode
Corival, Groningen, The Netherlands [MUMCþ] or Ergoline;
Bitz, Germany [JBZ]). Ventilatory parameters were measured
breath-by-breath (Carefusion; San Diego, CA [MUMCþ] or
Geratherm Respiratory; Bad Kissingen, Germany [JBZ]).
Maximal workload (Wmax) was defined as the final registered
workload. Peak oxygen uptake (VO2peak), peak respiratory
exchange ratio (RERpeak) and peak heart rate were recorded as
the final 30-second averaged value of the test.

Blood parameters

Plasma insulin concentrations were determined by commer-
cially available radioimmunoassay kits (Human Insulin specific
RIA, Millipore Corporation, MA). Plasma glucose, free fatty
acids (FFAs), total cholesterol and high-density lipoproteins
were measured with enzymatic assays on an automated
spectrophotometer (ABX Pentra 400 autoanalyzer, Horiba
ABX, Montpellier, France). Low-density lipoprotein cholesterol
was calculated using the Friedewald formula [18]. All blood
analyses were performed at MUMCþ.

Quality-of-life and fatigue

HRQoL was questioned with the European Organization for
Research and Treatment of Cancer Quality-of-Life Questionnaire
(EORTC QLQ-C30) [19] and the Pca-specific EORTC QLQ-PR25
[20]. Self-reported levels of fatigue were questioned with the
Multidimensional Fatigue Inventory (MFI) [21].

Statistical analysis

Data are expressed as means ± standard deviations (SDs)
(normally distributed continuous variables), as median and
interquartile range (non-normally distributed continuous vari-
ables) and frequency and percentages (categorical variables).
Student’s paired t-tests were performed to assess changes
over time for all continuous variables. If the differences
between pairs were not normally distributed, the Wilcoxon
signed-rank test was performed. Significance was set at
p< 0.05. All analyses were performed with SPSS (version
27.0; IBM Corp., Armonk, NY).

Results

Patients

Of the 40 patients initially included, data of 34 patients were
analyzed. Six patients dropped out due to: medical reasons
(n¼ 2) or the COVID-19 lockdown (n¼ 4). The mean age of
the study population was 70±7 years at baseline. Patients
were slightly overweight (BMI: 26.4± 3.6 kg/m2) and most
patients suffered from two or more comorbidities (Table 1).

Patients were on average 26±18days on ADT (all GnRH ago-
nists) and 56% of patients received either radiotherapy or
chemotherapy (6 cycles of docetaxel) during the study period.

Body composition

BMI (þ0.6 ± 1.1 kg/m2), waist circumference (þ2 ± 3 cm),
whole-body fat mass (þ2.1 ± 1.8 kg, Figure 1b) and fat per-
centage (þ1.9 ± 1.8%) had significantly increased following
5months ADT (Table 2). A significant decrease over time was
found for appendicular lean mass (�0.5 ± 1.3 kg) and quadri-
ceps CSA (�1.3 ± 2.5 cm2, Figure 1a).

Muscle strength, physical performance and
cardiopulmonary outcomes

Both leg press (�6±11 kg, Figure 2a) and leg extension
(�3±8kg) 1RM had significantly decreased following 5months
ADT. Patients needed significantly more time to complete the

Table 1. Patients’ baseline characteristics (n¼ 34).

Age (years) 70 ± 7
Body weight (kg) 82.2 ± 12.8
BMI (kg/m2) 26.4 ± 3.6
Total body fat (%) 31.2 ± 5.2
Waist circumference (cm) 101 ± 10
Time since PCa diagnosis (months) 23 ± 40
Gleason score 8.4 ± 1.0
PSA (ng/ml) 37.0 ± 49.6
ADT duration (days) 26 ± 18
Bone metastases, n (%) 18 (52.9)
Previous prostatectomy, n (%) 10 (29.4)
Previous radiation therapy, n (%) 6 (17.6)
Previous chemotherapy, n (%) 0 (0)
Number of comorbidities,a n (%)

0 10 (29.4)
1 10 (29.4)
� 2 14 (41.2)

Values are means ± SD, or number and (%) of participants.
BMI, body mass index; PCa, prostate cancer; ADT, androgen deprivation therapy.
aComorbidities were assessed by the adapted Self-administered Comorbidity
Questionnaire (SCQ) [29].

Figure 1. Individual values of quadriceps cross-sectional area (CSA, a) and
whole-body fat mass (b) before and after 5months androgen deprivation ther-
apy in prostate cancer patients. �Significantly different from baseline (a,
p< 0.001; b, p¼ 0.006).
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stair climb test (þ0.61±1.60 s). Wmax (�0.23±0.18W/kg
body weight) and VO2peak (�2.9±2.6mL/min/kg body weight,
Figure 2b) significantly decreased during the 5month period
(Table 3).

Physical activity and nutritional intake

After 5months ADT, step count had significantly decreased
(�1,207±1,942 steps/day, Figure 3a) and patients were spend-
ing significantly less time performing moderate-to-vigorous
activities (�1.4 ±2.5%, Figure 3c). Nutritional intake had not
changed over time and patients were consuming ample
amounts of protein (>1.0 g/kg body weight/d) both at base-
line and after 5months ADT (Supplementary Table S1).

Blood parameters

Fasting plasma insulin (þ1.8 ± 2.5mU/L) and triacylglycerol
(þ286 ± 489 mmol/L) levels had significantly increased after

5months ADT. No significant changes over time were
found for plasma glucose, cholesterol, or FFAs.
Homeostatic model assessment as a proxy for whole-body
insulin resistance (HOMA-IR) index had significantly increased
following the 5month period (þ0.6 ± 0.8, Supplementary
Table S2).

Quality-of-life and fatigue

Global health status (�7.6 ± 10.3) decreased and fatigue
(þ12.5 ± 18.6) had increased significantly following
5months of ADT. Looking more specifically at fatigue
(MFI), both general (þ7.3 ± 4.1) and physical (þ7.5 ± 3.9)
fatigue had significantly increased. In addition, patients
had significantly increased negative feelings about their
weight gain, more hot flushes and decreased sexual activity
and functioning following 5months ADT (Supplementary
Table S3).

Table 2. Changes in body composition in prostate cancer patients following 5months androgen deprivation therapy.

n Baseline 5 Months Difference p-value

Body weight (kg) 33 82.8 ± 12.5 84.8 ± 13.0 2.0 ± 3.4 0.002
BMI (kg/m2) 33 26.4 ± 3.7 27.0 ± 3.8 0.6 ± 1.1 0.003
Waist circumference (cm) 34 101 ± 10 103 ± 10 2 ± 3 0.011
Total lean body mass (kg) 29 55.3 ± 6.8 54.5 ± 6.7 �0.8 ± 2.4 0.064
Appendicular lean mass (kg) 29 24.4 ± 3.1 23.9 ± 3.0 �0.5 ± 1.3 0.041
Leg lean mass (kg) 29 17.7 ± 2.4 17.4 ± 2.4 �0.3 ± 1.0 0.133
Total body fat (kg) 29 26.2 ± 7.7 28.4 ± 8.3 2.1 ± 1.8 0.000
Total body fat (%) 29 31.2 ± 5.2 33.1 ± 5.6 1.9 ± 1.8 0.000
Quadriceps CSA (cm2) 33 66.3 ± 9.1 65.0 ± 8.5 �1.3 ± 2.5 0.006

Values are means ± SD.
BMI, body mass index; CSA, cross-sectional area.

Figure 2. Individual values of one-repetition maximum (1RM) leg press (a) and peak oxygen uptake (VO2peak, b) before and after 5months androgen deprivation
therapy in prostate cancer patients. � Significantly different from baseline (a, p¼ 0.003; b, p< 0.001).
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Discussion

In the present study, we showed that 5months of ADT
strongly decreased muscle mass and increased fat mass in
prostate cancer patients. This was accompanied by a
decrease in muscle strength, cardiometabolic health, physical
activity levels and quality-of-life. These unfavorable changes
occurred rapidly and were observed within 5months after
initiating ADT.

Patients had lost as much as 2 ± 5% appendicular lean
mass following merely 5months of ADT (Table 2). This
decline is in line with the literature but our data extend on
previous work by showing that the decline is already
achieved well within the previous observed assessment

period of 12months of ADT [2]. Therefore, our data imply
that changes in body composition occur rapidly following
onset of ADT. We complemented DXA measurements with
measurements of quadriceps CSA by using CT and confirmed
a 2 ± 4% decline in quadriceps CSA within the 5month
assessment period (Figure 1a). The combination of DXA and
CT measurements in the present study clearly shows that
ADT leads to considerable lean mass loss, which is accompa-
nied by a substantial reduction in leg muscle mass. The latter
is of importance as a decline in leg muscle mass is generally
associated with compromised (metabolic) health and
impaired ambulation. In fact, loss of leg muscle mass gener-
ally represents a good indicator of diminished physical per-
formance and the loss of independence in older patient
populations [22].

Previous work in PCa patients on ADT remains inconclu-
sive with regards to changes in strength and physical per-
formance. Hand-grip strength testing is often applied and
studies find either no or only a slight adverse impact of ADT
on hand-grip strength [7,8]. Because leg strength is a more
important indicator for daily functioning and independent
living in older adults, we assessed leg strength. We observed
a significant decrease in both leg press (�5 ± 10%, Figure 2a)
and leg extension (�7 ± 14%) strength following 5months of
ADT. Furthermore, previous cross-sectional studies indicate
that there likely is an unwanted effect of ADT on aerobic
capacity [4,23]. We, however, are the first to assess longitu-
dinal changes. Peak oxygen uptake had declined by
12 ± 10% following the 5months treatment (Figure 2b). It is
evident that it is of clinical relevance to attenuate or even
prevent such declines in muscle strength and aerobic cap-
acity, as both are directly responsible for compromised daily
functioning, independent living and self-reliance [22,24] and
strongly modulate perceived HRQoL, health care consump-
tion and societal participation.

The declines in lean mass and physical performance in
our patient group were accompanied by a significant

Table 3. Changes in muscle strength, physical performance, aerobic capacity and habitual physical activity in prostate cancer patients following 5months andro-
gen deprivation therapy.

n Baseline 5 Months Difference p-value

Muscle strength
1RM Leg press (kg) 31 107 ± 27 100 ± 27 �6 ± 11 0.003
1RM Leg extension (kg) 29 52 ± 15 48 ± 16 �3 ± 8 0.030

Physical performance
Timed up and go test (s) 34 9.22 ± 0.98 9.11 ± 1.30 �0.11 ± 1.14 0.566
30-second chair stand test (repetitions) 34 13.6 ± 3.4 13.5 ± 4.0 �0.1 ± 2.8 0.857
Stair climb test (s) 34 9.56 ± 2.16 10.17 ± 2.55 0.61 ± 1.60 0.034

CPET
Wmax (W) 30 163 ± 39 148 ± 35 �15 ± 15 0.000
Wmax/kg BW (W/kg BW) 29 2.02 ± 0.53 1.79 ± 0.48 �0.23 ± 0.18 0.000
VO2peak (mL/min) 26 1,883 ± 360 1,685 ± 323 �198 ± 212 0.000
VO2peak/kg BW (mL/min/kg BW) 25 23.2 ± 3.7 20.3 ± 3.4 �2.9 ± 2.6 0.000
Maximum heart rate 26 145 ± 22 136 ± 18 �9 ± 15 0.007
RERpeak 26 1.19 ± 0.11 1.20 ± 0.10 0.01 ± 0.08 0.705

Physical activity levels
Step count (steps/day) 33 7,048 ± 2,277 5,842 ± 1,749 �1,207 ± 1,942 0.001
Sedentary (%) 33 72.4 ± 7.0 73.9 ± 6.7 �1.5 ± 6.5 0.200
Light (%) 33 21.4 ± 6.1 21.3 ± 5.8 �0.1 ± 5.4 0.928
Moderate to vigorous (%) 33 6.2 ± 3.4 4.8 ± 2.3 �1.4 ± 2.5 0.003

Values are means ± SD.
1RM, one-repetition maximum; CPET, cardiopulmonary exercise test; Wmax, maximal wattage; BW, body weight; VO2peak, peak oxygen uptake; RERpeak, peak
respiratory exchange ratio.

Figure 3. Individual values of step count before and after 5months androgen
deprivation therapy in prostate cancer patients (a). Percentage of the day spent
sedentary, performing light activities or performing moderate to vigorous
activities before (b) and after (c) 5months androgen deprivation therapy in
prostate cancer patients. � Significantly different from baseline (a, p¼ 0.001;
c, p¼ 0.003).
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increase in fat mass (Figure 1b). This is in line with previous
research showing that ADT increases fat mass with �11%
during the first year of treatment [3]. Again, we observed an
8± 8% increase in fat mass following merely 5months of
treatment, indicating that these changes in body compos-
ition occur rapidly following onset of ADT. In line, patients
experienced a significant increase in waist circumference,
which supports the contention that fat mass gain during
ADT predominantly occurs in the abdominal region.
Increased abdominal fat mass forms a risk factor for the
development of insulin resistance and can eventually lead to
type II diabetes. In accordance, patients in the present study
had a significantly increased HOMA-IR index after 5months
of treatment. These metabolic derangements need to be
diminished to prevent the development of type II diabetes
or other cardiometabolic diseases and its impact on survival
in PCa patients on ADT [25].

Lifestyle changes in diet and physical activity can strongly
affect body composition, muscle strength, aerobic capacity
and cardiometabolic risk profile. Therefore, it is of import-
ance to assess possible changes in lifestyle factors following
onset of ADT as these may contribute substantially to our
observed changes in metabolic health and performance.
Even though total daily energy intake did not seem to
change over time (Supplementary Table S1), we observed a
significant decline in habitual physical activity. Following
ADT initiation, our patients spent over 70% of their day
being sedentary (Figure 3b and c). More specifically, daily
step count significantly decreased over time with a substan-
tial 13 ± 25% decline in total steps taken per day (Figure 3a).
Therefore, we cannot exclude that the adverse health effects
experienced during treatment are at least partly attributed to
the concomitant changes in lifestyle. Also, the impact of the
burden of diagnosis and/or disease on habitual physical
activity remains unknown in our population, but could be
substantial. In an exploratory analysis, we divided patients in
two groups; patients below and patients above the mean
change in step count of the total study population. Indeed,
patients in the group with the large decrease in step count
(�3,286 ± 1,344 steps/day) seem to be more prone to losing
muscle strength compared to the group with no decrease in
step count (�18 ± 983 steps/day). Physical activity and exer-
cise are modifiable factors that can strongly improve meta-
bolic health and physical performance in these patients [26].
Physical activity has also been shown to improve HRQoL in
PCa patients [27]. In addition, a modest amount of vigorous
activity may even substantially improve PCa-specific survival
[28]. Therefore, it is obvious that PCa patients should be
stimulated to adopt a more active lifestyle immediately fol-
lowing the onset of ADT. Awareness amongst urologists
about the importance of increasing habitual activity and the
application of exercise training is prerequisite. Involved
healthcare professionals will be fundamental to prescribe
and support lifestyle interventions upon the onset of ADT.
Sports physicians, rehabilitation physicians and/or physical
therapists may offer support on how to successfully embed
physical activity and exercise in daily life and as such
improve HRQoL and survival of patients with (metastasized)

PCa. The present study is the first to show this broad spec-
trum of ADT-induced side-effects all within one single popu-
lation of PCa patients. Preferably, patients only on ADT
monotherapy were included, but in order to increase inclu-
sion rates we broadened our inclusion criteria. In a sub ana-
lysis, however, patients who were also treated with
additional therapies seem to have a similar decrease in
muscle mass and strength compared to patients only treated
with ADT (data not shown). Also, comorbidities and meta-
static disease might have influenced the outcomes, and
should be taken into account when considering the results.
However, combining ADT with other therapies is more often
used in PCa patients and comorbidities and metastatic dis-
ease are common in this population. Consequently, the gen-
eralizability of our results to the entire PCa population
receiving ADT is higher.

In conclusion, onset of androgen deprivation therapy
leads to a rapid decline in muscle mass, muscle strength, car-
diometabolic health and quality-of-life in prostate cancer
patients. These adverse effects are accompanied by dimin-
ished habitual physical activity, which should be corrected
during the early stages of treatment.
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