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OBJECTIVE: While androgen deprivation therapy (ADT) has been associated with 31 

decreased quality of life (QoL), controlled prospective studies are lacking. We 32 

aimed to assess QoL during ADT using two validated questionnaires and 33 

determine contributing factors.  34 

DESIGN: Prospective controlled study. 35 

PATIENTS: 63 men with non-metastatic prostate cancer newly commencing ADT 36 

(n=34) and age- and radiotherapy-matched prostate cancer controls (n=29). 37 

MEASUREMENTS: QoL was measured by Short-Form 12 version 2 survey (SF-38 

12) and Aging Males’ Symptoms (AMS) score at 0, 6 and 12 months. Generalised 39 

linear models determined the mean adjusted difference (MAD) [95% confidence 40 

interval] between groups during follow-up. 41 

RESULTS: Compared to controls over 12 months, men receiving ADT had 42 

decreased SF-12 physical component score (MAD -3.61 [-6.94, -0.29], p=0.013) 43 

reflecting worsening QoL but no change in the mental component (p=0.74). Total 44 

AMS score increased (MAD 9.35 [5.65, 13.07], p <0.001), reflecting worse QoL. 45 

Both SF-12 and AMS changes were greater than reported minimum clinically 46 

important differences. AMS sub-domains showed increased somatic (MAD 3.96 47 

[1.94, 5.99], p<0.001) and sexual (MAD 3.80 [2.16, 5.44], p<0.001) components 48 

but not psychological (p=0.19). Decrements were related to an increase in hot 49 

flushes (p=0.016) but not haemoglobin decrease (p=0.46).  50 

CONCLUSIONS: Within 12 months, ADT is associated with clinically significant 51 

decreased QoL, particularly physical and sexual aspects, independent of the 52 

confounding effects of a cancer diagnosis or radiotherapy. As QoL is a crucial 53 

aspect of prostate cancer treatment, addressing hot flushes, sexual dysfunction 54 

and exercise may potentially improve outcomes for men undergoing ADT.  55 

 56 

 57 

Quality of life (QoL) is arguably the most important facet of treating men with 58 

prostate cancer, particularly given the excellent long-term survival associated 59 

with localised disease. Nearly 50% of patients with high-risk prostate cancer will 60 

undergo adjuvant androgen deprivation therapy (ADT), the majority for 2 to 3 61 

years1. Adverse effects such as hot flushes, sexual dysfunction, anaemia, muscle 62 
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weakness, fatigue, and change in body image can all contribute to decreased QoL 63 

associated with ADT2

 65 

.  64 

Large retrospective studies from cancer registries have suggested that ADT may 66 

be associated with decreased physical, sexual and possibly mental aspects of 67 

QoL, however interpretation is limited by residual confounding, including 68 

treatment indications such as cancer diagnosis, radiotherapy or prostatectomy3-69 

7. The majority of these studies have all been based on data from a single 70 

database; the CaPSURE registry. Separating adverse effects of ADT from adverse 71 

effects of radiotherapy or prostatectomy such as bowel disturbance, fatigue, 72 

wound complication and erectile dysfunction is impossible. Prospective studies 73 

have been few and there have only been two controlled studies that suggested 74 

decreased overall QoL with ADT8, 9

 76 

.  75 

In order to develop appropriate interventional strategies to minimise long-term 77 

adverse effects and improve QoL for men undergoing ADT, an understanding of 78 

not only the effects on QoL but potential contributors is required.  79 

 80 

We hypothesised that ADT would be associated with decreased QoL in all 81 

domains and aimed to assess the impact of ADT using two validated 82 

questionnaires and determine contributing factors.  83 

 84 

 85 

This prospective 12-month case-control study was conducted at a tertiary 86 

referral hospital (Austin Health, Melbourne, Australia) and was approved by the 87 

Human Research Ethics Committee, Austin Health. All participants provided 88 

written informed consent. This is a secondary analysis of predefined QoL 89 

endpoints of a study assessing the effects of ADT on muscle function (reported 90 

separately).  91 

 92 

Participants were recruited from prostate cancer outpatient clinics. Inclusion 93 

criteria were localised non-metastatic prostate cancer (Stage T1-3, Nx, M0), aged 94 

55-85 years with an Eastern Co-operative Oncology Group performance status of 95 
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0 (fully active and unrestricted in physical activity). Men were excluded if they 96 

had any illnesses or other factors predisposing them to androgen deficiency, 97 

previous ADT, severe medical comorbidities or any neuromuscular disease. 98 

Cases were newly commencing long-term ADT (within 6 weeks of 99 

commencement) and prostate cancer controls were not receiving ADT in the 12-100 

month follow-up period. Both groups were matched for age and radiotherapy 101 

treatment to delineate specific effects due to ADT.  102 

 103 

Assessments occurred at 0, 6 and 12 months. The 12-item Short Form QoL 104 

Survey version 2 (SF-12) is a generic measure of health status which is well 105 

validated, reliable and clinically useful to compare the relative burden of disease 106 

and for differentiating  health benefits produced by medical treatments10. SF-12 107 

is based on the most widely used health survey worldwide, the 36-item Short-108 

Form QoL survey (SF-36), which are calibrated and well correlated (r>0.94) with 109 

each other10. The SF-12 generates a physical component score (PCS) and a 110 

mental component score (MCS) with a decrease in the component score 111 

representing impaired QoL in that domain, and normative age-matched mean for 112 

an individual being 50 (standard deviation 10)11. The derived score represents 113 

the number of points lower than the mean score for an individual’s age.  114 

Minimum important differences validated across large populations and multiple 115 

disease categories are a change of between 2 to 3 points from the population 116 

mean of 5010

 120 

. The SF-12 was chosen as this is a self-administered, one-page, 2-117 

minute questionnaire which was feasible to achieve for participants having 118 

multiple assessments in our study.   119 

The Aging Males’ Symptoms (AMS) Scale generates a total score that can be 121 

subdivided into three domains; psychological, somatic and sexual12. An increase 122 

in the AMS score represents impaired QoL. The AMS score was designed to 123 

assess symptoms of aging, to evaluate the severity of symptoms over time, and to 124 

measure changes pre- and post androgen therapy, and has been validated 125 

internationally13-15.  It is sensitive to detect changes associated with androgen 126 

treatment with reported minimally important differences of between 10-15% 127 

change in score16, 17. Total AMS score and two sub-scales; somatic and 128 
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psychological scales, correlate well with the physical and mental components of 129 

SF-12 respectively13, 18

 133 

, but the AMS provides additional assessment of sexual 130 

aspects of QoL, an important side-effect of ADT, and for which there is no SF-12 131 

comparator. 132 

Hot flushes per day were recorded and severity rated as previously described19. 134 

Severity was classified as mild symptoms (less than 3 min, light physical 135 

symptoms, no emotional symptoms and no action needed), moderate (up to 5 136 

min, moderate physical symptoms, mild anxiety, some irritability and loss of  137 

concentration, need to use a fan, loosen clothing, and remove bedding), severe 138 

(up to 10 min, physical symptoms described as feeling hotter or very hot, heavy 139 

perspiration, dizziness, nausea, shortness of breath, weakness, and extreme 140 

discomfort; moderate anxiety and irritability; need to loosen clothing, change 141 

clothing, and change bedding), or very severe (up to 30 min, very significant 142 

physical and emotional symptoms and the need to change clothing, bedding, 143 

towel off , take a shower, and take rest)19

 145 

. 144 

Data were not normally distributed and are presented as median and 147 

interquartile range (IQR). Comparisons of baseline characteristics were made 148 

using Wilcoxon rank sum test for continuous variables or chi square test for 149 

frequencies. P values <0.05 were considered significant. Comparison of some 150 

variables was adjusted for the influence of covariates using a Generalized Linear 151 

Model, as implemented by Deducer 0.7-6 with current dependencies

Statistical analysis 146 

20. In case of 152 

repeated measurements such as a comparison of baseline vs follow-up levels, the 153 

model was extended to a Generalized Linear Mixed Model with baseline values 154 

incorporated as a fixed covariate and repeated measure by subject as random 155 

effect, which is also robust against regression to the mean. As a quantitative 156 

measure, mean adjusted difference (MAD) plus 95% CI between the groups from 157 

baseline to 12 months is provided. Kendall’s tau correlation was used to measure 158 

the strength of the relationship between AMS score with hot flushes and 159 

haemoglobin. Statistical analyses were performed using R statistical package 160 

(version 3.02 for Mac)21. 161 
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 162 

 163 

 164 

Study subjects 165 

Subject numbers and flow of participants are shown in Figure 1. 166 

 167 

Baseline characteristics 168 

Baseline characteristics are shown in Table 1. Participants were matched for age, 169 

body mass index, medical co-morbidities, radiotherapy and baseline 170 

testosterone level. The ADT group were predominantly receiving ADT and 171 

radiotherapy as treatment for high-risk disease, hence baseline Gleason scores 172 

and PSA levels were higher. Controls were predominantly receiving 173 

radiotherapy alone (without ADT) as indicated for intermediate risk disease. 174 

 175 

At baseline, all men were clinically eugonadal and had age-appropriate normal 176 

testosterone levels which remained unchanged in controls (Table 1). As expected 177 

over 12 months of ADT, total testosterone, oestradiol and PSA decreased(Table 178 

2). Haemoglobin also decreased significantly.  179 

 180 

Change in SF-12 score over time  181 

Median SF-12 scores for both groups are shown in Figure 2. At baseline, the 182 

mean (and standard deviation) Physical Component Score (PCS) in the ADT 183 

group (50.4±8.0) and the control group (49.6±8.5) were equivalent to the 184 

general population mean of 50±10.  There was a statistically significant decrease 185 

in PCS over 12 months in men undergoing ADT compared with controls, 186 

representing worsening QoL (mean adjusted difference -3.61 [-6.94, -0.29], 187 

p=0.013). The Mental Component Score (MCS) did not significantly decrease 188 

(mean adjusted difference -1.24 [-5.22, 2.74], p=0.71).  189 

 190 

Change in AMS score over time 191 

AMS score for the two groups are shown in Figure 3. Total AMS score increased 192 

over 12 months in men undergoing ADT compared with controls, representing 193 

worsening QoL (mean adjusted difference 9.35 [5.65, 13.07], p <0.001). 194 
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Analysing the three specific domains, somatic (mean adjusted difference 3.96 195 

[1.94, 5.99], p<0.001) and sexual (mean adjusted difference 3.80 [2.16, 5.44], 196 

p<0.001) domains increased but the psychological domain was not statistically 197 

different (mean adjusted difference 1.47 [0.07, 2.86], p=0.10). The increase in 198 

AMS score in the ADT group was related to an increase in hot flushes (tau= 0.33, 199 

p=0.016), but did not appear to be related to the decline in haemoglobin (tau =-200 

0.10, p=0.46).  201 

 202 

Hot flushes 203 

Over 12 months, the number of hot flushes per day increased in the ADT group 204 

compared with controls(Table 2). In the ADT group, the onset of hot flushes 205 

occurred at a median 30 [26, 61] days after commencing ADT corresponding to 206 

the onset of hypogonadism with GnRH agonists. Hot flush severity also 207 

significantly increased in the ADT group compared with controls at 6 months 208 

and 12 months (Table 3). The number and severity of hot flushes was not related 209 

to baseline testosterone level (tau = 0.13, p=0.32) or the change in testosterone 210 

(tau = -0.13, p=0.32). 211 

 212 

 213 

In this controlled prospective study we found that when sex steroids were 214 

lowered from normal to castrate levels with ADT in men with prostate cancer, 215 

QoL decreased with predominant effects on physical components, occurring 216 

within the first 12 months of treatment. No significant changes were noted in the 217 

mental or psychological components of QoL. Decrease in QoL was associated 218 

with an increase in hot flushes but not the fall in haemoglobin. As a matched 219 

control group was included, we infer that the decrement in QoL is a direct 220 

consequence of ADT, and not due to confounding effects of having a cancer 221 

diagnosis or radiotherapy.  222 

 223 

Although the SF-12 PCS mean adjusted difference of -3.6 points was statistically 224 

significant, this is also a clinically important difference, greater than published 225 

minimally important differences of 2 to 3 points10. Based on population-based 226 

Medicare surveys of 434,947 individuals, a 3-point decline was associated with a 227 
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20% increase in mortality, which was consistent across multiple disease 228 

groups22. Furthermore, a 3-point decline from baseline PCS score has been 229 

shown to be associated with an odds ratio (OR) of 1.44 for being unable to work 230 

(approximately 40% higher risk), and an OR of 1.16 for being hospitalized in the 231 

subsequent year23

  234 

, which is alarming, and reinforces the need to understand and 232 

abate contributing factors to decreased QoL in men undergoing ADT. 233 

Similarly, the increase in AMS score of approximately 30% from baseline in 235 

androgen deprivation is clinically meaningful and is greater than the reported 236 

minimum important difference of 10-15%13

 238 

.  237 

Many would regard quality as more important than quantity of life, and cancer 239 

survivorship has been the focus of recently developed guidelines for men 240 

undergoing prostate cancer treatment24. Separating the exact components of QoL 241 

affected by ADT have been challenging, as data has been based predominantly on 242 

retrospective registry data. Two prospective controlled studies have been 243 

performed. Herr and colleagues followed 79 men on ADT and 65 men not on ADT 244 

however these were not matched controls, with participants self-selecting 245 

whether to receive ADT which limits interpretation9. Alibhai et al. found that PCS 246 

of SF-36 declined in men starting ADT, however remained stable in prostate 247 

cancer controls and healthy controls over 36 months8

 254 

. However, the reference 248 

population was the healthy cohort, and prostate cancer controls recruited were 249 

not matched for radiotherapy which can significantly contribute to QoL 250 

decrements. Nevertheless, their findings mirror our matched, carefully 251 

controlled data that ADT leads to a decrease in physical components of QoL and 252 

do not appear to significantly affect mental components.  253 

In addition to mitigating cardiovascular effects and bone decay in patients 255 

undergoing ADT, recommendations for which, have been relatively widely 256 

published2, 25, attention needs to shift towards improving QoL. We found that 257 

AMS decrements were significantly related to vasomotor hot flush number and 258 

frequency but not the drop in haemoglobin. Hot flushes occur in up to 80% of 259 
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men undergoing ADT and whilst most intense after initial commencement, can 260 

persist for the duration of the therapy26. Hot flushes may contribute to poor QoL 261 

by causing discomfort, interruptions to daily routines, sleep disturbance or 262 

avoidance of triggers including exercise. Moreover, the simple presence of a hot 263 

flush may be a recurrent reminder of an individual’s illness which may impact 264 

QoL. Hot flushes did not appear to be a marker of more severe androgen 265 

deprivation with no correlation seen with testosterone levels. However, this may 266 

not  be unexpected, given that only men with a clearly normal testosterone were 267 

enrolled leading to an eligibility-driven restricted range of testosterone values 268 

being correlated. Despite no evidence-based guidelines, treatment strategies for 269 

hot flushes should be discussed and offered to patients19

 273 

. Further research is 270 

clearly required to investigate the mechanism of episodic hot flushes and also to 271 

develop effective, well-tolerated treatments. 272 

Sexual domains of QoL were also significantly reduced in our population of 274 

elderly men (mean age 70 years). ADT may compound effects on erectile 275 

dysfunction induced by surgery or radiotherapy. The impact on QoL of a loss of 276 

erectile function and libido varies depending on the individual, however, should 277 

not be underestimated, with potential consequences on masculinity, self-278 

perceived body image, intimacy and relationships with partners. Support should 279 

be provided to patients and their partners with discussions regarding medical 280 

options for erectile dysfunction as well as psychosocial strategies27. A 281 

willingness to explore other non-erection dependent sexual practices and 282 

acceptance of alternative perspectives on sexual function and intimacy may 283 

improve sexual aspects of QoL28, 29

 285 

.   284 

Few treatments specifically target QoL, but exercise may be an effective strategy 286 

to improve physical aspects of QoL and a meta-analysis has recently provided 287 

evidence for this30. However, implementation and sustainability of exercise 288 

programs in clinical practice remain challenging, especially in older men 289 

receiving ADT, who commonly have a substantial comorbid burden and may 290 

experience ADT-associated fatigue and low mood31. Motivation to exercise may 291 
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well be another contributing factor. Whilst we did not find a decrease in self-292 

reported physical activity using the Minnesota Leisure Time Physical Activity 293 

Score32

 298 

, this tool may well be too insensitive, and it is possible that ADT may 294 

reduce motivation to engage in healthy lifestyle measures. Future adequately 295 

powered studies will need to focus on developing treatment strategies to target 296 

physical function and QoL in men undergoing ADT.  297 

Limitations of this study include that QoL was a secondary outcome, albeit pre-299 

specified, and QoL is inherently subjective and influenced by many factors. 300 

Assessment of sexual function was limited to the AMS questionnaire which 301 

provides fewer details on erectile dysfunction than other scales such as the 302 

International Index of Erectile Function. However, erectile dysfunction  is more 303 

closely related to neurovascular pathology rather than testosterone levels, and 304 

androgen deficiency and erectile dysfunction are two overlapping conditions 305 

with distinct pathophysiology. This study was also not specifically powered to 306 

detect differences in mental or psychological aspects of QoL which may be 307 

affected by ADT but to a smaller degree than physical aspects. Furthermore, SF-308 

12 and AMS score, which are not prostate cancer specific, may potentially have 309 

been insensitive to detect specific changes in mental health. Mood and cognitive 310 

effects of ADT, require further research with more sensitive methodology. 311 

Finally, the results of this cohort by virtue of not only their willingness to 312 

participate in a study requiring significant participant commitment, and the 313 

inclusion criteria required for participation in the gait study (e.g. normal 314 

performance status, unaided ambulation), may not be generalizable to more frail 315 

prostate cancer patients with higher comorbidity burden, and poorer baseline 316 

quality of life. Our findings are however notably, consistent with those shown by 317 

Alibhai et al8

 319 

. 318 

 320 

Overall, QoL is significantly affected within 12 months of commencing ADT for 321 

prostate cancer in men undergoing ADT, above that of a cancer diagnosis alone, 322 

prostate cancer progression or radiotherapy. Physical and sexual aspects of QoL 323 

are predominantly affected and may be mitigated by exercise. Moreover, 324 
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adequately treating hot flushes and addressing sexual dysfunction may 325 

potentially improve QoL in a substantial number of men undergoing ADT. QoL 326 

should be a consideration for all health providers recommending ADT and 327 

considerations must be made between balancing quantity with quality of life 328 

when treating prostate cancer. 329 

  330 
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  454 

 455 

 456 

 457 

 458 

 459 

 460 

    

Age 67.6 [64.6;72.0] 70.6 [65.3;72.9] 0.482 

Prostate Cancer Gleason Score 9.00 [8.00;9.00] 7.00 [7.00;7.00] <0.001 

Concurrent radiotherapy treatment 1.00 [1.00;1.00] 1.00 [1.00;1.00] 0.517 

Total testosterone (nmol/L) 14.1 [10.2;17.6] 15.0 [11.1;16.9] 0.912 

PSA (ug/L) 3.62 [0.21;18.7] 0.05 [0.03;0.28] <0.001 

Haemoglobin (g/L) 149 [140, 157] 150 [142, 155] 0.66 

Medical comorbidities    

  Ischaemic heart disease 17.6% 17.2% 1.00 

  Diabetes mellitus 14.7% 17.2% 1.00 

  Liver disease 0% 0% 1.00 

  Chronic kidney disease 0% 0% 1.00 

  Hypertension 58.8% 58.6% 1.00 

 461 

PSA = prostate specific antigen. Data presented are median [interquartile range] 462 

or proportions (%). Gleason score <7 = low-moderate risk, 7= intermediate risk, 463 

8-10 = high risk prostate cancer. 464 

 465 

 466 

  

 

 

  

 

Total testosterone 

(nmol/L) 

    

0 months 14.1 [10.2, 17.6] 15.0 [11.1, 16.9]   

6 months 0.40 [0.30, 0.57]  14.3 [9.90, 17.2]   

12 months 0.40 [0.30, 0.50] 14.8 [11.2, 15.6] -13.0 [-15.4, -10.7] <0.001 
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 467 

 468 

Medians [interquartile ranges] are presented. Mean adjusted difference refers to 469 

the change over 12 months across groups (mixed model). The P value refers to 470 

the overall significance of the change between groups during follow-up.  471 

 472 

 473 

Prostate-specific antigen 

(ug/L) 

    

0 months 3.62 [0.21, 18.7] 0.05 [0.03, 0.28]   

6 months 0.03 [0.03, 0.11]  0.03 [0.03, 0.21]    

12 months 0.03 [0.03, 0.04] 0.03 [0.03, 0.28] -21.3 [-35.1, -8.2] 0.002 

Oestradiol (pmol/L)     

0 months 105 [73, 143]  86 [76, 104]    

6 months 25 [19, 38]  80 [71, 95]    

12 months 19 [19, 25] 72 [56, 93] -86.5 [-98.9, -62.5] <0.001 

Haemoglobin (g/L)     

0 months 149 [140, 157] 150 [142, 155]   

6 months 136 [131, 143] 149 [144, 153]   

12 months 138 [133, 144] 152 [146, 158 -14.5 [-19.2, -9.8] <0.001 

Hot flushes (number/day)     

0 months 0 [0, 0] 0 [0, 0]   

6 months 4 [1, 6] 0 [0, 0]   

12 months 3 [2, 7] 0 [0, 0] 4.6 [3.1 , 6.2] <0.001 

  

 

 

 

 

0 months 

  None 

  Mild 

  Moderate 

 

34  (100%) 

0 

0 

 

27  (93.1%) 

1  (3.5%) 

1  (3.5%) 

 

 

 

0.208 

6 months 

  None 

  Mild 

  Moderate 

 

5  (14.7%) 

18  (52.9%) 

11  (32.4%) 

 

25  (92.6%) 

1  (3.7%) 

1  (3.7%) 

 

 

 

<0.001 

12 months 

  None 

 

6  (19.4%) 

 

24  (92.3%) 
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 474 

 475 

 476 

 477 

 478 

 479 

 480 

Mild severity was defined as less than 3 min, light physical symptoms, no 481 

emotional symptoms and no action needed. Moderate was defined as up to 5 482 

min, moderate physical symptoms, mild anxiety, some irritability and loss of  483 

concentration, need to use a fan, loosen clothing, and remove bedding. No 484 

participants scored hot flushes as severe or very severe. 485 

 486 

 487 

 488 

 489 

Flow of study participants showing number included in analysis and number 490 

withdrawn. 491 

  Mild 

  Moderate 

13  (41.9%) 

12  (38.7%) 

1  (3.9%) 

1  (3.9%) 

 

<0.001 

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



This article is protected by copyright. All rights reserved 

 492 

 493 

2 - - - – 494 

–  495 

A 496 

 497 

 498 

 499 

Box plots demonstrating the median (dark line), interquartile range (boxes) and 500 

range. Outliers are represented by dots. As a summary measure, the mean 501 

adjusted difference between the ADT group and controls is shown. 502 
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3 – - 503 

T - - – 504 

  505 

 506 

Box plots demonstrating the median (dark line), interquartile range (boxes) and 507 

range. Outliers are represented by dots.  As a summary measure, the mean 508 

adjusted difference between the ADT group and controls is shown. 509 
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