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Abstract

Purpose The aim of this review is to systematically review randomized controlled trials on lifestyle interventions on PCa
patients undergoing androgen deprivation therapy.

Methods A literature search was conducted using the electronic databases Medline and PubMed. To be eligible, studies
had to be randomized controlled trials (RCTs) that focused on side effects of ADT and lifestyle interventions to reduce side
effects for men undergoing ADT with PCa. Lifestyle interventions were defined as interventions that included any dietary
or behavioral components.

Results Twenty-nine trials were included. Most of them focused on exercise interventions, while some investigated the
effect of dietary or behavioral interventions. The effect of different lifestyle influencing modalities aimed to improve on the
adverse effects of ADT varied greatly.

Conclusions 1t is not possible to draw one conclusion on the effect of exercise-based interventions, but noted on several
adverse effects of ADT improvement. Further studies are necessary to develop personalized lifestyle interventions in order

to mitigate the adverse effects.
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Introduction

Prostate cancer is one of the most common forms of cancer
in men and the second cause of death [1]. Androgens and
androgen receptor signaling play an important role in the
normal growth and function of the prostate, but also in the
development and maintenance of prostate cancer. The ben-
eficial effect of castration in the treatment of prostate cancer
has already been discovered in 1941, by Huggins [2]. LHRH
agonists are the most chosen form of chemical castration
[3]. LHRH agonists bring the serum testosterone to a level
similar to castration by interfering in the pulsatile release
of LHRH in the hypothalamus, thereby down-regulating
the release of luteinizing hormone in the anterior pituitary
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gland. Androgen deprivation therapy (ADT) achieves a
remission in 80-90% in men with advanced prostate cancer
and an average progression-free interval of 12—33 months
[4].

Despite the fact that this form of therapy is very success-
ful, it also known for its side effects and the impact of these
side effects on the quality of life in addition to the psycho-
logical and physical effects influencing the quality of life in
the long term. The most common life quality diminishing
side effects are reduced libido, depression, fatigue, gyneco-
mastia, hot flushes, obesity, hypertension, insulin resistance,
and osteoporosis [5].

Non-pharmaceutical lifestyle interventions aimed to
reduce side effects while aiming to leave control in the hands
of the patient are very important. They may prevent medi-
calization and are thought to increase quality of life.

Previous reviews have shown that physical activity may
alleviate side effects of ADT [6, 7]. These reviews mainly
focused on the effects of different types of exercise, but did
not include all types of lifestyle interventions. The aim of
this research is to provide a comprehensive overview of
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recent physical and psychological lifestyle interventions to
reduce different side effects of ADT and to investigate the
impact of these interventions on quality of life.

Methods
Data acquisition and search strategy

A literature search was conducted using the electronic data-
bases Medline and PubMed. The literature search included
relevant publications until January 25, 2019. Predefined
search terms were used to identify articles concerning inter-
ventions to reduce side effects of ADT used as a therapy for
prostate cancer.

Eligibility criteria

To be eligible, the study population had to consist of patients
diagnosed with local or advanced PCa in whom ADT was
started. Studies had to be randomized controlled trials
(RCTs) that focused on side effects of ADT and lifestyle
interventions to reduce those side effects. For this review,
we selected studies concerning the following psychologi-
cal effects: quality of life (health-related quality of life and
disease-specific quality of life), fatigue, reduced libido, and
depression. We selected studies investigating the following
physical side effects: gynecomastia, hot flushes, osteoporo-
sis, obesity, or a decreased cardiovascular health. Lifestyle
interventions were defined as interventions that included
any dietary or behavioral components. Studies reporting on
medical therapies to diminish side effects were excluded, as
were studies in which the participants stopped their ADT
and studies not related to humans.

Screening of abstracts and full-text articles

A search was performed for abstracts that may be used for
inclusion. Abstract screening was done according to prede-
fined inclusion and exclusion criteria. Full-text original arti-
cles were retrieved from the selected abstracts; only articles
published in English or Dutch that were available for review
were selected. Abstracts and original articles were indepen-
dently assessed by two reviewers for eligibility (MG and
NP). Disagreements were solved by consensus procedure in
which an independent third author (HBLG) was conducted.

Subsequently, reference lists of all full-text articles were
screened to identify additional relevant articles not found
in the PubMed and Medline databases. The final number of
included and excluded studies is illustrated in the Preferred
Reporting Items for Systematic Reviews and Meta-analyses

(Fig. 1).

@ Springer

Study quality assessment tool

The Cochrane Collaboration’s tool was used to assess the
risk of bias in the randomized controlled trial [8]. Two
reviewers (MG and NP) assessed the overall quality. If no
agreement could be reached, an independent person was
involved (HPB).

Data synthesis

The following data were independently extracted from full-
text articles by two reviewers: study year, study design,
study population, mean age, type of interventions, duration
and frequency of interventions, relevant study outcomes, and
methods to assess these outcomes.

Results
Search results and analysis

Our literature search identified 1961 of which 29 articles
were included in this analysis. The studies were all RCTs
investigating the effect of life style interventions to mitigate
ADT-induced side effects. Twenty studies investigated exer-
cise modalities, two studies investigated dietary advice, and
four studies combined these methods. Three studies investi-
gated behavioral components, existing of cognitive behavio-
ral therapy, educational support programs, or self-education.
Study characteristics are depicted in Table 1.

Table 2 shows an overview of RCTs testing mitigation
strategies for ADT-induced side effects, categorized per side
effect. Table 3 summarizes the quality scores of the RCTs.
The quality differed between the studies. The most common
source of methodological bias was a lack of proper blind-
ing procedures. Almost one-third of the studies presented
incomplete outcome data.

Psychological side effects

Quality of life Health-related quality of life (HRQOL) is
perceived physical and mental health over time either by an
individual or by a group. The influence of lifestyle interven-
tions on the quality of life for patients on ADT was exam-
ined in 16 studies [9-15, 17, 18, 20, 23-27, 34, 36].

Ten different questionnaires were used to measure
HRQOL. Some of the questionnaires are developed to exam-
ine health-related quality of life in general (STAI; SF-36;
EORTC-QLQ- C30; QLQ-PR25; PSS; FACT-G; LFDI).
Others are used to investigate prostatic disease-specific qual-
ity of life or aspects of quality of life (FACT-P; PORPUS;
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Fig. 1 Flow chart of the search

and selection process

Records identified through
database searching
(n=1845 )

Additional records identified
through other sources
(n=10)

Identification

Records after duplicates removed
(n = 1855)

Eligibility

Included

EPIC). Eleven studies investigated the effects of physical
exercises, three combined physical exercises with dietary
advice, and two investigated the effect of soy consump-
tion. In four studies, a positive effect of exercise only was
noted [9, 13, 24, 36]. Two out of six studies investigating
the effect of resistance training found a positive effect on the
health-related quality of life and in one of these studies, an
improved disease-specific quality of life had been found [36].
Aerobic and resistance training combined showed a positive
effect in two out of four studies [13, 24]. In these two stud-
ies, only specific domains were significantly improved. For
details, see Table 2. Variable results were found when com-
bining exercises with dietary advice. All three studies found
positive effects on different aspects of quality of life [15,
20, 26]. Bourke et al. found an improvement in the prostatic
disease-specific quality of life after 12 weeks of training, but
this was only temporary since the effect disappeared after
24 weeks [20]. One study investigated the effect of cogni-
tive behavioral therapy on quality of life, but failed to show
an improvement. Two studies investigated the effect of soy
consumption. Vitolins et al. found an improved HRQOL as
well as an improved disease-specific quality of life after con-
sumption of soy protein, while Sharma et al. failed to show
any effect [11, 18].

Records excluded
(n=1803)

Records screened
(n=1855) &

y

Full-text articles excluded, with
reasons
(n=23)

Full-text articles assessed
for eligibility
(n=52 )

: Patients no longer on ADT

: Medical interventions

: No relevant outcomes

: Only a part of population on ADT
No randomized controlled trials

: Study protocols

: Reviews
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4

Studies included in
qualitative synthesis
(n=29)

Depression In the treatment of PCa, ADT use is associated
with depression. Five studies focused on depression [10, 12,
24,27, 36]. Aerobic and/or resistance training failed to show
a beneficial effect [12, 24, 36]. Applied cognitive behavio-
ral therapy (CBT) for a period of four weeks did not show
a beneficial effect [27]. A lifestyle activity program or an
educational support program did not influence depression
scores using CES-D [10].

Fatigue Fatigue is a phenomenon, which is difficult to
measure or define. Fatigue is experienced by patients receiv-
ing ADT and is associated with decreased levels of testos-
terone and reduction of skeletal muscle mass may contribute
to fatigue. Influence of lifestyle interventions was examined
in fourteen studies: ten investigated the effects of physical
exercises, three combined physical exercises with dietary
advice, and one investigated the effect of soy consumption
[9, 11-14, 17, 20, 24-26, 31, 35, 36]. Soy consumption
showed no effect [11].

Different exercise modalities yield conflicting results in
relation to fatigue. Generally speaking, in half of the studies,
a reduction in fatigue was noted. Combining exercises with
dietary advice showed a beneficial effect in two studies [14,
20]. Another study failed to show improvement [26].

@ Springer



Quality of Life Research (2020) 29:843-865

846

syyuowr 9 < I10J

11 Jo Arend) [epeuoSodAy pourewar LG Te10L,
9¢-4S uonouny ¢ :Kouonbarg ISIOIOXD QoUB pue syyuow 7 < 1AV 1°0L :uo) 87 :u0)
S2dd-010 [enxas pue opiqr] 71 :uonein( -1SIsal+d1qoIae pasiaradng uo ‘eDd AJ[eoo] 6’69 u[ 6T UL [¢1] emuIo)
D-1OVd ‘d~LOVd
[-4D] ‘urnsut J11 Jo Arfeng) doue)sIsax X[ :sIeurwds Suneq
ISIOYIRWOIq POO[g Onel urgnsuy XZ:TI—L 4] 19— Yoom ASIOIOXD syiuow 9 < IV 0S [e10L,
dry-o1-1sTRM ySIOM TNF WS1MIAQ 191QOIOR + QOUR)SISY Q0UR)SISAT + J1qOIR SuIA10a1 oYM TTL u0) Gz :u0D
J-LOVA anSneq :Kouenbarg gT :uonemn(q  pasiaradnsun + pasiazedng ©DJ PIZI[EI0] UON €'1L [ G Ul [#1] opnog
9¢-dS '0£2-0T0-D140d
9509
-n[3 + urnsuy :sojdwres poorg
Aem
w OO YD “SOPLILAISIY
“IAH “1d7T ‘[019183[0Y0
Te103 :sojdures pooyq ‘yej
Apoq 23ejuao1ad pue ‘ssewr
1] Juny ‘sseul jej [ej0)
Q[osnu [e1[YS Je[noIp
-uadde ‘quur 1omof ‘quury 11 Jo Areng)
10ddn :ssewr ueo| [euorsar Q0UR)SISAI UI[NSU] sypuow ¢ < 1AV
‘ssewr Apoq uea| [810) IR[NOSEAOIPIRD) amsodxa touid ym LS TeoL,
:Knowondiosqe Ael-x renq WS1MIAQ 7 :Kouonbaig ISIDIOXQ Q0UB  (SISBISBIW QUO0Q JNOYIIM) 1°0L :u0D 87 :u0)
9¢-4S ‘0€D-010 anSneq 71 suoneIn(  -ISISaI+Iqoide pasiazedng  BDJ PIOUBAPE IO A[[e0] §'69 u[ 6T UL [¢1] oearen
DIdd ‘0€D-010-D1904d
a-sgd 11 Jo Aend
oldd uorssaxdoq
Rt OpIqI] Ie[noseAOIpIe]) 9SI0IoX0 syjuow 9 <oy 1AV 00T ‘Te10L
onel diy-o3-isrem ‘TING WYS1OMIAQD G—¢ :Aouonbar]  JuBISISAI+ OIQOISE PASIA QA19031 0} J0adx0 pue 89 U0D Ly :uo)
Ssd an3neq 9] :uonein -Iadnsun pue pasiazedng  dneIseIdW 10 PIZI[EI0] BDJ T'L9 U] €6 aug [21] peay-soin)
9¢-dS 311 Jo Anpend)
oreos uewroddny-nerg soysny 104 6€ 1210,
SASM Il uonodunyj [enxas pue opiqr| L :Kouanbary 0°69 :U0D 61 :uo)
9¢-AS angneq Tl :uonem(q 3 0t :urejoxd Log LAV Wi pajean eDJ T'69 Aog 0t :£og [11] ewreyg
IVLS ‘9€-dS PEL {[eI0L
d-sdaD 911 Jo Arend) T oM weidoxd L€ 1uoD
onelr diy-1srem ‘saouard) uorssardog 1 :91-1 Yoom 1Joddns [euoneonpyg 16 onpyg
-wnoio diy pue Istepy JING YS1OMINAQD :Kouonbar g uoneng  werSoid Ayanoe o[KI1SIT 1AV ynm paeanedd — 7'69 :uoD+Iul O OJIT [01] Ioifer,
d-1LOVd
SSIWIOLY} SPIOJUBYS 311 jo Kipendy syuowt ¢ X 1AV GST Te0L
QOUQIQJUINDIID JSTEM ‘TINYG WYS1OMINAQD ¢ :Kouonbarg 9SI0IOXQ SurAre0a1 8D 1719 1u0D) €L uod
A-1Ovd an3neq 71 :uonein( Qoue)sisal pasiazadng PIdUBAPE PUB [E20] 7'89 u[ 78 U [6] 1eSes
(oam
SQWOI)NO /x) Kouanbaij + (syoom)
JUBAD[QI SSASSE 0] SPOYIIN SOUIODINO JUBAS[Y UOTIUAINUI UOTRINC] SUOTIUAAIIU] BLIDJLID UOISN]OU] (ueowr) 93y (u) syuaned 189K Apmg

SOIpNIS POpN[oUL Y} JO SonsLIjoRIRYd ApMIS | 3|qer

pringer

Qs



847

Quality of Life Research (2020) 29:843-865

syoam 7 X | :AIejeig

XL
d-LOVd ‘T :9- YoM :01qoIey 1av
QOURID[0) ASIDIOXI J1qOIoR 11 Jo Apendd) X[ :Z1-L uo wd) 3uof pauuerd
‘anssa1d poo[q o1j01sAS IB[NOSBAOIPIRY)  $XT :Q—] YOOM :9JURISISIY pue sypuow 9 < IV Uo 001 :1e10L,
WyS1om NG WS1MIAQ Kouanbaig Q0IAPE AIRJQIP + ISIOIOXT Arsnoraaxd ‘epd onels [L uo) 0S uo)
A-1Ovd an3neq 71 :uonein Q0UR)SISATI+J1qOIAY  -BJOW IO PAdUBAPE A[[EI0] 1L up 06 U [0Z] oynog
KoAIns Ml [eUOTIEONPY 0O :[e10L
KIATOE [enXdS $109JJ0 0z uo)
9[eds SV(T :KI01U0AUT YTV opIqr VN  9PIS UO J9[00q uoneonpy 1AV uoedd IN 0¢ L [61] rEM
L9 uop 0CI-Te10L
saysny j0y Suraey 69 :'S+A 0€ uo)
O-LOVA d-LOVA aji Jo Kiend Arep :Kouanborg QUIXEJE[UDA  PUE LV UO D dUEIS L9URA  0F :S+A OF ‘UA
SSSAH soysep 104 71 :uonem( 8 0z :uro1d 0§ -BIOW JO PASUBAPE A[[BIO] 1L :KoS 0¢ :koS [81] surjoup
SNdYOd ‘d-LOVd
xew
COA SSawI1y) projurys
159y Y31y} + UdWopqe sayd 11 Jo Areng)
‘Splojuys Ie[nNOSBAOIpIR)) Yoom g X 1 :pasiazadng
:JeJ APOQ ‘9oUIJWINDIID BISBWOOUAD) G—¢ B0, ISIDIOXD QdUB 99 :[e10],
jstem ey Apoqd ‘TING WYS1MIAQ Kouanbarg -)SISA1 10 J1QOIR PAsIA  syjuow 7] < [V SUIAT0I 9'0L :59¥ ¢ 159y
A-10VA on3neq 9 :uonein( -1odnsun pue pasiaradng Apuarnd edd 1'CL oy € oy [L1] euly ®IURS
SUOTIB[NI[ED SOUDY 2500N[0D)
urnsur
‘asoon|3 :sojdwres poorg
duwrepo orwourns
-urredAy—oruao4snyg [L1OO
XeJN TOA
SOPLIOJAISIN
“IAH 147 ‘T0I3389[0Yd
[810} :SIIRWOIq Poo|g
SI[EIOJ] SMISeA "W
:sojdwres anssi, anss1n asod
-Ipe Je[NOSNULISIUI ‘SSeul
JBJ UDYS ‘SSBW JB) [2IOISIA
QOUR)SIP IOAT] 0} [BIOW]
SMIA SSeul Jej yunn ‘ssewt Q0UR)SISAI UINSU] sofewr 61 [e10L
JeJ ‘sseur ueo[ Apoq :A10 Ie[NOSBAOIPIR)) ¢ :Kouanbary 9S10IOXH Ayreay :dnois fonuo) G'89 U0 6 :U0D
-wondiosqe Ae1-x feng WS1oMIAQ T1 :uone( QoueInpud pasiazedng  syjuowt ¢ < LAV YIm eDJ 8°L9 uf 01 [ [91] p1AH
(oam
SQWO)NO /x) Kouanbaij + (syoom)
JUBAD[QI SSASSE 0] SPOYIA SOUIODINO JUBAS[Y UONUAINUI UOTRINC] SUOTIUAAIIU] BLIDJLID UOISN]OU] (ueowr) 93y (u) syuaned 189K Apmg

(ponunuoo) | sjqey

pringer

a's



Quality of Life Research (2020) 29:843-865

848

9¢€-dS ‘STdd-010
81-ISd
9soon[3
‘urnsuj :SIIRWOIq poorg
STdd-010
( UTWe)IA ‘onel auTu
-nearo/epndadofal-N ‘opn
-dodora)-N ‘dNTd ‘osereyd
-soyd aurfey[e :sIoreworq
poorg Apoq ajoym ‘aurds
requin ‘diy :qA g :Ano
-wondiosqe Aei-x renq
[eryoeIq
Y 1591 Y[em W-(0f (Xew

31 Jo Kyend

OA d¥D :s1jreWwolnq poog uorssardoq
sseul jej Q0UR)SISAI UINSU]
[BIOSIA ‘SSBW JBJ YUny) opiqry
‘ssewr uea| Ie[norpuadde s1so10doaisQ sypuow ¢ < 1AV
‘SSBW JBJ ‘SSBW U] ApOq IB[NOSEAOIPIRD) uo urewar oy pajed €9 e10],
:Knowondiosqe Aei-x renq WSIOMIIAQ 7 :Kouanbaig ASIOIOXQ QOUE -IonuE pue [V Uo 1°L9 :uo) 1€ :uo)
onsnej-1L1DVA on3neq 1 :uonein( -1SISa1+ d1qo1de pasiazedng skep (] 1SIg UM eDJ 969 [ € I [#¢] erwio)
1ad711
1-4901
SuInsul :SI9YIeWolq pooyg
sseul jej
Juni {ssew 11 Jo Areng)
UBI[ 921J-0U0Y (SSBU 1B Q0UR)SISAI UInSu] Suryoreng uo) 1av 16 :e10L,
:Anowondiosqe Ael-X reng WYS1OMINAQD ¢ :Kouonbal]  9SI0IOXD QOUBISISAI PISIA SurA1e0a1 APUaLIND D] GQL (U0 7T uo)
NG SADS an3neq 76 :uonem(  -1adnsun+ pasiaredng uy d1LISLIQW 10 PIZI[EI0] 6'69 U] 67 UL [€7 ‘] Quols -sIauIpm
SIOJIUOW 36l JIed
SjuaWINSLIW AFUBYIXD
se3 Areuowng uonsneyxa
0) 159) [BJUSWIOUT )S3)
Suryem ur-f :xew gOA
QouarayundId diy
QOUQIQFINDIID ISTEM ‘TN E syjuow 9 < uon
:ssewr Jej £poq [e10) pIOUAS € 1716 Yoom -BIISEd [B213INS JO [V LS [e10L,
‘proIpue ‘ssewr poq uea] IR[NOSEAOIPIR)) T 18— Yoam :Kouonbarg Sururen M BDJ paoueApe §'99 :u0) 87 :U0D
:Knowondiosqe Ael-x renq WS1oMIAQ T1 :uone( [1eq100J pasiazadng K][e00] IO PAJUBAPY 1°L9 2] 6T U] [12] wn
(oam
SQWO)NO /x) Kouanbaij + (syoom)
JUBAD[QI SSASSE 0] SPOYIA SOUIODINO JUBAS[Y UONUAINUI UOTRINC] SUOTIUAAIIU] BLIDJLID UOISN]OU] (ueowr) 93y (u) syuaned 189K Apmg

(ponunuoo) | sjqey

b
)
)
5
et
|9
A
&l



849

Quality of Life Research (2020) 29:843-865

SUOTIBEIIUAIUOD
urdjoid ‘S[[0 AyIy[eIes

sypuo 9¢—6 LAV
juean(pe pue syyuow 9

‘I[oNUOAW ‘ySD 19qYy 10J LV Juean(pe-oou €7 1210,
Jrosnwi ‘A30[0IS1Y :SITeIoNe] ¢ :Kouonbar] ENeleye] I9)Je 1Y SurA1edal $9 :u0) 11 :uoD
snseA “w sarsdorq d[asnjAl WSMIAQ 91 :uonein 90ue)SIsAI pasiazadng ©Dd paoueApe A[[eoo] L9 U] T1 Sup [0€] uas[IN
uninbiqn) aseyuks aeni)
‘ATXO D ‘09dSH ‘LzdSH sypuowt 9¢-6 LAV
‘LTdSH ‘auifreiski-g jueAn(pe pue syjuow 9
eydy ‘0LdSH ‘suonen 10} 1,V jueAan(pe-oou 1€ 1e101,
-uQou0o urdjoxd :siferare| ¢ :Kouanbarg AS1019Xd 191Je 1y SUIA1031 69 :u0) G1 oD
sniseA w sarsdorq s[osnA[ WS1MIAQ 91 :uoneIng Qoue)sisal pasiatedng ©Dd pasueApe A[[eoo] 99 U] 91 AUl [62] uas[IN
159) Sunyfem :ooue
-19]0) ISTOIOXH :XeW TOA
uonere[Ip [eLoMe-N.LD
‘QINA A1orre Teryoerg Y SIRUTWIOS
SOPLIOJAISIN Sunes-Ayj[eay :901Ape
“IAH 17T ‘[0I91S9[0Yd Noom 7 X [ 1910 KIe)91( + 9S1010X9 douL 0S [e10L,
[£10) :SI)IRWOIq POO[g Ie[NOSBAOIPIRD) ¢ :Surures], :Aouenbal]  -1SISal ‘Qoureq ‘OIqOIoR Kdeiayorper + syiuowt 9 0L uoD Gz :uoD
yS1om ‘TING WSTOMIAQ 71 uonein posiarednsun + pasiazadng < 1AV Suratedar eDdd 1°0L I Gz I [82] 119911
STId-O'TO aji Jo Kiend
-DLI04 ‘0£2-010-DL40d uorssardo( 89 0L
SAvH saysnf{ LAV Surosopun €D L'89 ‘U0 g¢ ruop
SNAH 10H  uoneIn 194009 19D J1ISLIOW 1O PIZI[EI0] 0°89 U] €€ aug [Lz] no [nodouejns
SSd
d-LOVA 1891 q[em Ww-00f
SSq syjuowt g < 1els
SSOUYOIY) P[OJUIYS :SSBW 1B 0) JuroudWWod
BOIE Q[osnuw 11 Jo Apeng) 10 syjuow 9 < 10}
ure soddn-pru ‘onjer diy Ie[NOSEAOIpIRD) onunuod oy pauueld +6 :[BI0L
-0)-)STEM ‘SSBUW d[dsnul an3neq G :Sunjrep :Aouanbarg Q0IADE pue Sypuow 9 < 10§ 6'69 U0D L{ :uo)
ued[ ‘ssew 1ej ‘TN ‘WUSIOM WYS1OMIAQ gz :uonein  AIeJQIp + 9SIOIOXd J1qOIdY LAV paean edd 169 uf Ly ] [92] 11ou,0
0£2-010-D1¥04
1591
J[em 9[INYS YOdU [BIOW
pue 1yueyoon ‘dry ‘ourds
Iequnj [10) ‘[R10) NG
:Knowondiosqe Aei-x renq
0£2-010 -D1¥0H
INg
‘ssewr Apoq ‘oejuadrad jey
‘SSRW JeJ ‘(Ssew [BIQ[S
repnorpuadde ‘sonrwanxa 11 Jo Apend) syuowt 9¢—6 LAV
Joddn ‘sonTwanxa 1emof Ie[NOSBAOIPIRD) juean(pe pue syyuowr 9
unn) ;NG [eUOIY s1so10doalsQ 10§ LAV Juean(pe-oou 86 :[eI0],
‘ssewr Apoq ued[ A1 ondneq ¢ :Kouanbary 9SIOIOXQ 10)Je 1Y Suratedar 99 :u0) 0€ :uo)
-wondiosqe Ael-x [enq WS1MIAQ 91 :uoneing Qour)sIsal pasiazadng ©Dd padueApe A[[eoo] 99 U 8T U] [¢Z] uas[IN
(oam
SQWO)NO /x) Kouanbaij + (syoom)
JUBAD[QI SSASSE 0] SPOYIA SOUIODINO JUBAS[Y UONUAINUI UOTRINC] SUOTIUAAIIU] BLIDJLID UOISN]OU] (ueowr) 93y (u) syuaned 189K Apmg

(ponunuoo) | sjqey

pringer

a's



Quality of Life Research (2020) 29:843-865

850

(LYV) 9S1019%9
Q0UB)SISAI + J1qOIL

sypuowt 7|
SuIMO[[0} LAV A1

pasiazadnsun + pasiazedng 0) pojedronue $°89 U0D €91:1P10], G :U0D
q[em w oo T AV + LTI (LATD) ostoroxa oue  ‘sypuowt g < amsodxs 1qv 69 :14V S 11dV
9¢-dS ‘0£D-010-DL¥0d Te[ndSEAOTpIE)) anFNE] :Kouonbar ¢ :uonem(y  -istsar-+joedwr pasiazodng s edd 6 "89:1LUTI 8¢ 14Tl [c€] apgeeL
d-LOVd
XIN ‘dTV-5q
:sordwres poorq ‘ourds 1eq
-wn| “yoou mwwdy ‘diy relog, ISIOIOXQ 16 :e10L,
‘NG [euorsar ‘qNg 810} 11 Jo Apend) G-¢ :Kouonbarg Qoue)sIsal+ Sururen 1AV SurAreoar 0 1L :u0D Gz (u0)
:Anawondiosqe Ae1-x renq s1so10dodlsQ 97 :uoneIn( y)3uans pasiarednsun 111 01 ] 93818 ©Dd S'0L [ 97 U [#€] wryf
uro[e09150 ‘N Td
XD s193IRWOIq poorg €Cl-63m
$39[ “Apoq [e10) : QNG 8- Am syjuow 9 <10y 1AV LS ‘Te10L
s39[ ‘“Apoq [e10 :DINT :Kouonbar,g 9SIOIOXD Suro31opun eoq onels G99 0D 87 :U0D
Anowondiosqe Ae1-x renq s1so10doaisQ 71 :uonem( 11eq100J pasiazadng  -BJoW 10 PAdUBAPE A[[EO0] 1°L9 2] 6T UL [c€] wn
X1D
‘u1o[8209150 ‘gN 14 :sord
-ures poopg ‘ourds requnj
‘resowdy ‘diy 12301 :qING
:Anowondiosqe Aei-x 7€ Yoom
[en( ‘ssew jej o3ejudorad € 1716 Yoom sypuowt 9 < 10 LAV LS Te1oL,
‘Ssewl Jej ‘Ssew ued] Apoq s1so10doalsQ T~ Yoom IS1010Xd Suro3iopun e dnels 699 :u0) 87 :u0)
:Anowondiosqe Ael-X reng WYS1OMINAQ :Kouanbalg z¢ :uoneing [[eq100} pasiazadng  -Bjow JO paduBApE A[[B00] 1°L9 U] 62 W[ [ze]l wn
TIAA UO 9SIOIOX?
SSBUW Q[OSNUW [BIO[YS ‘SSBW Juouodwod -NNA IY-TIA 8'1L u0) 61 T8I0
ueo Apoq ‘ssew 1ej Apoq ISIDIOXD QdUR S'LL G :uo)
:Knowondiosqe Ke1-¥ enq G :Aouonbar]  -1SISOI+ 9SIOIOXA OIqOIdE LY YIM pauIquiod JY-TIA 8 IY-TIM
dddsS 1SremIoaQ angne] 9 :uonemng pastazednsun :dvOXd 1av ‘1av ws edd L'SL:dVIXd 9 :dVOXHd (1€l pifes
(oam
SQWO)NO /x) Kouanbaij + (syoom)
JUBAD[QI SSASSE 0] SPOYIA SOUIODINO JUBAS[Y UONUAINUI UOTRINC] SUOTIUAAIIU] BLIDJLID UOISN]OU] (ueowr) 93y (u) syuaned 189K Apmg

(ponunuoo) | sjqey

pringer

Qs



851

Quality of Life Research (2020) 29:843-865

KIOJUQAU] AJOTXUY JTRI[-9)e)S (VLS Juamnnsu] AN[Iqesiq pue uonoun, 9JiT 91e AT O[eOS SSeNS PAAIdIR :SSd ‘O[edS ANn ) 2JeIsold pajusLQ-jusned

:SNdYOJ “9[edS Suruonoun, [enxas sHeAy :SASA ‘Uonoung I[noarg Jo Xopu] [euoneutu] JHJI ‘A1oneq doueuLiojiad [ed1sAyd 1oys :gdds ‘sdiysuoneoy ur Aoewunuy Jo JuUdWSSISSY [BUOSIS :AIOJUdAUL
NMIVd 21008 woydwAg A11AdS saysn] 10H :SSSHH ‘Sieamg WSIN pue saysn] J0H :SNHH ‘109§ A1IAdS sayse[d 10H :SSHH Xopu] Jooue)) ejsold papuedxq :DIdH ‘(9¢) A9AInS ([eay uLoj-11oys
19¢-1S ‘WANI-G7 oy1oadg-aeisoid arreuuonsang) 91T Jo Aen) I0oue)) JO JUSUIBAL], pue Yoreasay] Joj uoneziuesiQ ueadomy S d-OTO-DLM0H ‘0gD dameuuonsand) 9j1T Jo Aend) J00ue)) Jo JUSWeal],
pue yoreasay] Joj uoneziuesiQ ueadomny :0£D-O10-DLIOH AIoyuaAu] Sur[aa] paoNPuI-aSIOIOXH Y, :UoNsSneyXa-[{1 Smeis pooA JO d[Yold :SINOJ dnsned Aderay], Jooue)) JO JUSWISSISSY [euonouny
LDV ‘[erousn) Aderay], 1e0ue)) JO JUSWISSISSY [euonoun -1V ereisoid-Adeay [, 100ue)) Jo JUSWSSASSY [euonoun :d-1IJV- ‘O[eos AIoAds andneq :SSH ‘g1 A1ojuoau] woldwAg joug :91-1SH
‘K10)uoAU] QAT g [ ‘O[OS SsenS pue Ajerxuy ‘uorssarda(q :9[eds Sy ‘O[edos uorssardo( pue Aerxuy [endsoH :SAVH ‘Oreds uorssardo( serpmg dr3ojoruapidy 10§ 10u0)) (q-SHD SMIDUUOSING
uage[oo [ 2dA) Jo apndadofal-N ‘XN ‘esereydsoyd aurey oyroads-ouoq :dTv-sq ‘T 2dAL,

uage[[ooo1d :dNTd ‘@prureydsoydopoA) X 1D ‘Urajoid 2Andeay-D) :JyD ‘urjordodry Aysuoq ySry - 1qH ‘urajordodry Aysua moT T 9TV 2dA) urqoiSowoy paye[AsooA[D) 01eqH ‘gc-opnded Surpurg
~I0)0k] YImoID) I T-urnsu] :¢-deA01 ‘[-opnded Surpurg-101oe YimoI0 oI -unnsuy :[-Jg 401 ‘opndod Surpurg-101o8.] yImoID) NI T-unsuy :JGAO] ‘[-10J08] PMOID) UNSU] :[-D] S14DU01q poolq
uoneIe[Ip [BLIMIE-eNIULY) [AISOA[S UOUDID]JIP [DLIALID-N [ ‘UOTIBIR[IP PABIPIW-MOY (M ‘uondunsuod udSAXo [ewrxew xpiu

ZOA 159) 20ueI9[0) 3500N[3 [e10 7. 7.0 ‘@mssaid pooiq yy ‘Sumypealq ‘amssaid aanisod gg4 YUOD [eIoun ouoq Jjg ‘ANsusp [eISUI dUoq (7 ‘SSewl Apoq Ued[ pyg7 ‘Xopul ssewl Apoq Jjyg ‘suoneur
-wexa [eorsAyd ‘urajord Los §yLog Qurxejeruaa A/uap ‘Aderoyiorper 7y ‘Aderoy) uoneardap uadoipue 7y ‘1eoued djeisoid )4 ‘dnoid [onuod uo) ‘dnoi3 UONUIAINUI Ju] ‘S[RL) PS[[ONUOD PIZIWOPURI S7)Y

d-LOVA ‘D-LOVd
a-sgan
9S0JN[D) :SIIBWOI] Poolq
amssaid pooq d1j0IseIp
‘armssaxd poo[q J1j0ISAS

ERliE]
-IQJWINDILO JsTem “Jey Apoq
a3ejuoorad ‘ssewr Jej ‘ssewr 91 Jo Anreng) uorssaxdoq
Kpoq uea[ ‘ssew [eI9[Ys Q0UR)SISAI UINSU] 7€ ‘Te0L,
Jernotpuadde :Aer-x renq Ie[NOSBAOIPIRD) ¢ :Kouanbarg Sururen €99 :u0D 61 :uoD
149 JyStomIaaQ onSneq 21 uonen( Qoue)sisal pasiazedng 1AV yWim eDd 9'89 :01d €1 aup [L€] uosmeq

9soon[3 oTeqH

:uInsuj :SIoyIewolq

poorq aaem-os[nd erper

-0)-pnjore)) anssaid poojq

[e1I0E ‘SSOUIITIS [B1I0)IR

:Andwouo) uoneuejddy

[IYORIQ Y “XBINCOA

SOPLISJAISLN [0IA)SI[OYD
“TIAH ¢1a7 :serdures poorg

uonepIxo

9eIpAyoqIed ‘uoreprxo
18} :sisATeue ses A1oyendsoy
J¥ID :s1yreworq poorqg

JyS1om ‘ssewr

je Te[norpuadde ‘yey Apoq

a3ejuaorad ‘ssew jej yuny Q0UR)SISAI UI[nSu| ASIOIOXd L6 :TB10],
‘sseur jej ‘ssewr Apoq uea[ Ie[NOSBAOIPIRD) 7 :Kouonba1] 9oURISISAI+ OIqOIOR PISIA syjuowr g < 1o 1°69 u0D L{ uoD
:Anowondiosqe Ael-¥ [eng WS1MIAQ 9z :uoneing -Iadnsun pue pasiaradng 1AV U0 BDd PazZI[ed0] 1°69 U] 0S [9€] TR 10 Trem
(oam
SQWO0)NO /x) Kouanbaij + (syoom)
JUBAQJ[QI SSISSE 0] SPOYIDIA SOUIODINO JUBA[Y UONUAINUI UOTRINC] SUOTIUAAIIU] BLID)LID UOISN]OU] (ueowr) 93y (u) syuaned 189K Apmg

(ponunuoo) | sjqey

pringer

a's



852

Quality of Life Research (2020) 29:843-865

Decreased libido and sexual function Since androgens
play an essential role in maintaining sexuality, e.g., libido
and erectile function, it is obvious that ADT causes a
decrease in sexual activity and may result in a variety
of sexual problems. Five studies investigated methods to
counteract decreased libido and erectile function [11, 12,
15, 19, 24]. Aerobic and resistance exercises were exam-
ined in three studies in which contradictory findings were
reported. In 2013, Cormie et al. found maintenance of
major interest in sex as well as sexual activity in the exer-
cise group. No change in sexual function was noted. In
2015, Cormie et al. reported a diminished decline in sex-
ual function in favor of the exercise group. In per-group
analysis, a decline in sexual activity was found without
change in sexual function [24]. Culos-Reed et al. found no
differences [12].

Patient information concerning the side effects of ADT
followed by an educational partner session failed to show
an effect on libido, measured by the PAIR and DAS-scores
which, respectively, assess the current level of intimacy in
one’s relationship and the relationship adjustment. Cou-
ples participating in the intervention were more successful
at maintaining sexual activity [19]. Soy protein consump-
tion did not influence libido or sexual function [11].

Physical side effects

Gynecomastia Gynecomastia may develop in ADT. In one
study, gynecomastia was measured by skinfold thickness
and was not influenced by aerobic or resistance training
[17].

Hot flushes Hot flushes are defined as intense heat sensa-
tion, flushing, and perspiration involving face and trunk.
Anxiety and palpitations may occur. ADT may induce these
complaints because the decline in LH and FSH causes the
release of hypothalamic catecholamines disrupting the
thermoregulation center in the upper hypothalamus. CBT
temporarily lowers the occurrence of hot flushes and prob-
lem rating in men [27]. Only at 6 weeks, significance was
reached, and it was no longer significant at 32 weeks. Two
studies examined the effect of soy consumption on hot
flushes. One study found a significant decrease of ADT-
associated vasomotor symptoms in the soy protein and pla-
cebo group [18]. Sharma et al. observed no change.

Surprisingly, a significant difference in favor of the pla-
cebo group was found [11].

Overweight ADT may cause metabolic effects including
dyslipidemia, elevated fasting serum glucose, weight gain,
and increase in fat mass. C-reactive protein (CRP) might
be a marker of adverse metabolic effects. Seventeen stud-
ies reporting on exercise programs of varying duration,

@ Springer

frequency, intensity, and degree of supervision showed
conflicting results [9, 10, 12-14, 16, 17, 20-26, 28-32, 36,
37]. These articles mention aspects of body composition
amounting to sixteen different items: weight, BMI, waist
circumference, hip circumference, waist and neck girth,
waist-to-hip ratio, mid-upper arm muscle area, total fat
mass, percentage body fat, trunk fat mass, visceral fat mass,
body lean mass, appendicular lean mass, and skeletal mus-
cle mass. The effect of aerobic and/or resistance training on
body composition was examined in thirteen studies. Three
of these studies added dietary advice [14, 20, 28].

Beneficial effects on one or multiple items reflecting body
composition were found in eight of these studies (Table 2).

O’neill et al. investigated the effect of aerobic training and
dietary advice and showed an improvement in body compo-
sition [26]. Two studies examined the effect of supervised
football training [21, 32]. One study lasted 12 weeks, the
other 32 weeks. Initially, a significant increase in lean body
mass was reached after 12 weeks [21]. At 32 weeks, this
effect ceased to be significant. Endurance training showed
an improvement of body composition [16]. Metabolic syn-
drome is a clustering of at least three out of five following
medical conditions: hypertension, hyperglycemia, abdomi-
nal obesity, high serum triglycerides, and a low high-density
lipoproteins (HDL).

Blood biomarkers reflecting these changes were examined
in six studies. A decrease in HDL/total cholesterol ratio was
found by Cormie et al., who investigated the effects of a
12-week program combining aerobic and resistance training
[24]. An improvement in HDL was found over time after a
program of endurance training [16].

No other studies reported beneficial effects. The influ-
ence of aerobic and resistance training on CRP showed con-
tradictory results. One study found a positive effect [13],
and two studies found no change [24, 36]. On microscopic
level, the effect of resistance training in biopsies of the m.
vastus lateralis was reported [29, 30]. An increase in total
muscle fibers and type II fibers was shown [29]. Muscle atro-
phy is associated with reduced mitochondrial function and
increased muscle cellular stress, reflected by different heat
shock proteins. Only HSP70 improved significantly [30].

Cardiovascular health Factors influencing cardiovascu-
lar health are manifold: lipid profile, blood pressure, BMI,
endothelial cell function, pro-inflammatory factors, and
insulin resistance. ADT has a negative impact on these fac-
tors. Besides, there is an association between ADT and the
occurrence of serious cardiac arrhythmias. Eleven studies
investigated the effect of physical exercise of which three
studies added dietary advice [12, 13, 16-18, 24, 26, 28, 36,
37]. The results of these studies are contradictory. With
respect to blood pressure, four studies found no effect on
systolic or diastolic blood pressure between the groups [12,
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Table 3 Methodological quality assessment tool for randomized controlled trials
Random Allocation Blinding of Blinding of Incomplete Selective Other bias
sequence gen-  concealment participants outcome assess- outcome data reporting
eration (Selec-  (Selection bias) and personnel ment (attrition  (attrition bias)  (reporting bias)
tion bias) (performance bias)
bias)
Segal [9] 2003 + + - ? — + +
Taylor [10] 2006 — - - + + + _
Sharma [11] 2009 + + + + ? + —
Culos-Reed 2010 + + - + ? + _
[12]
Galvao [13] 2010 + + - +
Bourke [14] 2011 + ? - + + ? 9
Cormie [15] 2013 + + - ? + + +
Hvid [16] 2013 - - - + - + —
Santa Mina [17] 2013 ? + - + + + —
Vitolins [18] 2013 + + + + - - —
Walker [19] 2013 7 ? - ? + + —
Bourke [20] 2014 + + — - + + +
Uth [21] 2014 + + - + + + —
Winters-Stone 2015 ? ? - + + + _
[22, 23]
Cormie [24] 2015 + + - ? + + +
Nilsen [25] 2015 + ? - + + + +
O’Neill [26] 2015 + + - - + + 2
Stefanopoulou 2015 + + - + - + -
[27]
Gilbert [28] 2016+ + - + + + +
Nilsen [29] 2016 + ? - + - ? —
Nilsen [30] 2016 + ? - + - ? -
Sajid [31] 2016 + + - + - + +
Uth [32] 2016 + + - + + ? -
Uth [33] 2016 + + - + - + _
Kim [34] 2017 + + - - - + _
Taaffe [35] 2017 + + — + — + 9
Wall Dawson 2017 + + - + - + +
[36, 37] 2018 + + - - + ? +

Risk of bias summary for each trial included in the systematic review as evaluated by authors

+ low risk of bias; ? Some concerns are risk of bias; — high risk of bias

20, 24, 28]. Culos-Reed et al. found a change in systolic and
diastolic blood pressure over time in the aerobic and resist-
ance training group [12]. Using flow-mediated dilatation
(FMD) as a measure, an improvement in the exercise com-
bined with dietary advice group was found [28]. The effect
of training on maximum oxygen utilization (VO2 max) was
investigated in five studies [17, 18, 24, 36, 37]. Most of
these studies consisted of a mixture of aerobic and/or resist-
ance training. Uth et al. used football training. Almost con-
sistently, an improvement was found.

Resistance training scored better in increasing cardiovas-
cular fitness than aerobic [17, 18]. Four studies found a

significant improvement on cardiovascular fitness after phys-
ical exercises, measured by different tests [13, 26, 29, 35].

Insulin resistance It is not completely understood how ADT
therapy deregulates glucose metabolism. Possibly hypog-
onadism, secondary to obesity, alters fatty acid metabolism
or changes in skeletal muscle may play a role. The influ-
ence of exercise on insulin resistance was measured in seven
studies [13, 14, 16, 22-24, 36, 37]. One study added dietary
advice. A glucose-lowering effect of exercise was shown in
two studies [16, 36]. Wall et al. showed an improvement
for glucose metabolism in combined aerobic and resistance
training [36]. Hvid et al. investigated the effect of endurance

@ Springer
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training on insulin resistance in men on ADT compared to
healthy males and found a difference in fasting glucose over
time in the per-group analysis [16].

Using the oral glucose tolerance test (OGTT), no differ-
ences over time were found between the groups with regard
to fasting glucose, fasting insulin, glucose AUC, and insu-
lin AUC [16]. Biomarkers: IGF-1, insulin, IFGBP-1 and
IGFBP-3, and HBA Ic failed to show a difference in any of
the studies.

Osteoporosis Osteoporosis is a major concern in men
undergoing ADT therapy, especially with prolonged use.
Five studies investigated the effect of exercise modalities on
osteoporosis [24, 25, 32-34]. We were unable to find any
studies focusing on dietary advice. Dual x-ray absorptiom-
etry (DEXA-scan) was used in all studies in order to exam-
ine bone mineral density (BMD) and bone mineral content
(BMC). Blood biomarkers were examined in four studies.
Biomarkers were alkaline phosphatase, PINP, N-telopep-
tide, N-telopeptide/creatinine ratio, vitamin D, osteocal-
cin, CTX, NTX, and BS-ALP. Only Uth was able to show
a significant improvement in different markers of osteopo-
rosis. He found an increment in BMC after 12 weeks of
supervised football training [33]. Initially, BMD remained
unchanged after 12 weeks of training [33], whereas after
32 weeks, an increase in BMD was found in the total hip
and femoral shaft [32]. PINP and osteocalcin were the only
bone formation markers that showed a significant change.
After 12 weeks, there was an increase in these markers [32]
After prolonged training (32 weeks), this increase no longer
was significant [32].

Discussion

This study focuses on lifestyle interventions to reduce the
deleterious side effects of ADT. Twenty-nine RCTs reported
the effect of different lifestyle interventions. The effect of
exercises in different modalities and intensities was studied
including measures such as dietary advice, self-education,
CBT, or educational support program. We excluded thera-
pies like prescribing calcium and vitamin D.

Regarding psychological effects, contradictory results
were found. Many different questionnaires were used to
examine the effect of lifestyle interventions on HRQOL,
which make it hard to compare different outcomes and there-
fore it is difficult to make a straightforward conclusion about
the effect of certain interventions.

Combining exercise with diet seems to have the most ben-
eficial effects on HRQOL; all studies regarding this combi-
nation showed a significant improvement [15, 20, 26]. Soy
protein consumption was found in only one study to have a
beneficial effect.

@ Springer

An earlier study found that ADT use conferred a 41%
increased risk of depression [38]. In this review, we were
unable to find any difference in the occurrence of depres-
sion after applying lifestyle interventions, whereas in two
studies an improvement of QOL was noted in absence
of improvement of depression score [24, 37]. Tentative
explanations for these outcomes can be the following. Both
studies used different questionnaires to score quality of
life and the occurrence of depression, making it difficult
to compare them. In our review, we only noted the truly
significant findings, but in the study of Cormie, where an
improvement in various subscales of QOL was observed,
a borderline significance was found in the depression score
with a P value of 0054; this might be interpreted as a trend
in improvement of physiological well-being [24].

There were many different tools used to examine
fatigue. Some used general questionnaires, and oth-
ers applied prostate-specific tools (FACT-F) [9, 14, 17,
20, 24]. Although there was a lack in using a common
tool, different lifestyle interventions reduced fatigue and
increased vitality. All studies used in this review exam-
ined physical exercises, sometimes combined with dietary
advice. However, no attention was given to other lifestyle
adjustments, such as smoking, alcohol use, or a balanced
diet.

With regard to libido and sexual function, a possible ben-
eficial effect of aerobic and resistance training was found
[15, 24]. It is noteworthy that consuming soy protein did not
have any effect [11]. Considering the age group for which
ADT therapy is applied, we can expect a general natural
decline of libido and sexual function.

Gynecomastia may very well occur after weight gain.
Only one author reported on this subject [17]. This might
reflect a disbelief in the effect of lifestyle changes on gyne-
comastia. A variety of medical therapies exist such as radia-
tion therapy or lipolysis [39].

Two strategies were examined to reduce vasomotor symp-
toms. Although soy proteins appears to be successful in
treating hot flushes in postmenopausal women [40], in men
on ADT, they are unsuccessful. CBT appears to be helpful
in managing hot flushes. Limitations of this study were the
small sample size and short period of self-guided therapy.
Further research might look into additional variables such as
caffeine intake and other specific health problems.

In this study, we divided the metabolic changes into three
subcategories: overweight, insulin resistance, and cardio-
vascular health. These categories are interrelated. Concern-
ing insulin resistance, studies failed to show a difference
between men with ADT undergoing physical exercises or
not, when measured by fasting glucose. Endurance training,
however, showed no differences in OGTT between men on
ADT undergoing exercises versus healthy men [16]. No trial
used the novo diabetes mellitus as an outcome.
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Overweight was examined in 17 studies. All studies
investigated the effect of exercise, and four studies added
nutritional advice. Evidence was found that solely exercise
or exercise combined with nutritional advice may decrease
overweight. The influence of a dietary advice only on obe-
sity hasn’t been investigated. Earlier studies showed the
major impact of an appropriate diet in the prevention of
obesity in the healthy old male population [41].

Considering osteoporosis, one study suggests that regu-
larly practicing football may mitigate ADT-induced decline
in BMD. However, aerobic or resistance training failed to
show this decline. Future studies should investigate the
effects of different exercise modalities.

National osteoporosis foundation recommends a daily
calcium intake of 1200 mg and supplemental vitamin D of
800-1000 IU to maintain bone health [42]. In this review,
there was not one study, which focused on an adequate
intake as described above. As mentioned earlier, we did
not include RCTs in which calcium and Vitamin D were
prescribed. A systematic review conducted in 2012, which
investigated the effect of calcium and vitamin D suppletion
in men with PCa using ADT showed conflicting effects [43].
It would be interesting to conduct studies in which dietary
advice is given to promote sufficient intake of calcium and
vitamin D and investigate this effect on the development of
osteoporosis in patients on ADT.

A number of limitations in this review must be consid-
ered. Firstly, we focused on two databases, PubMed and
Medline, since these two are the most widely used and rec-
ognized. Secondly, there was substantial heterogeneity in
life style interventions, in which some interventions were
investigated frequently, while other interventions only once.
This makes it impossible to compare the effects of different
strategies and draw conclusions about the efficacy of these
interventions. Additionally, we did not investigate the effect
of duration of exercise, dietary advice, or other behavioral
components.

There was a variety in quality of the different RCTs.
Especially, the prevention of performance bias was often
inadequate, due to the fact it was impossible to blind par-
ticipants following lifestyle programs. Despite these limita-
tions, evidence suggests that lifestyle interventions may have
a beneficial effect on ADT-mediated side effects.

Conclusions

Adpverse effects of ADT are manifold as well as the various
lifestyle interventions aimed to alleviate these side effects.
Physical exercises demonstrated to have a mainly positive
effect on cardiovascular health. Contradictory results were
found regarding quality of life, libido, fatigue, insulin resist-
ance, overweight, and osteoporosis. No effect was found

regarding depression and gynecomastia. Regarding dietary
advice, soy protein showed no beneficial effect on libido
or fatigue. No other studies allowed conclusions on dietary
advice solely. A positive effect was shown with CBT on
the occurrence of hot flushes. Other behavioral components
failed to show a significant effect regarding side effects.
Further research is necessary to identify the most effective
interventions for the individual patient.
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