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ABSTRACT
Background: Studies of excess weight and weight changes throughout adult life for prostate cancer (PCa) 
risk and prognosis have shown inconsistent results.
Methods: In a population-based cohort, the Prostate Cancer Study throughout life (PROCA-life), 16,960 
healthy men from the prospective cohort Tromsø Study (1994–2016) were included. Body mass index (BMI) 
and weight were measured at all four attendings, and weight change was calculated as the difference 
between the first and last of either Tromsø4, Tromsø5 or Tromsø6. Overall, 904 men developed PCa during 
16 years of follow-up, and Poisson regression with fractional polynomials was used to investigate trends 
in incidence. Cox proportional hazard and logistic regression models were used to study associations 
between measurements of BMI and weight change and PCa risk, severity, and mortality.
Results: At study entry, 46% of the participants (median age 44 years) were overweight, and 14% were 
obese (BMI > 30 kg/m2). We observed a 127% increase in overall age adjusted PCa incidence in the cohort 
during 1995 through 2019. No overall associations between BMI or weight change and PCa risk were 
observed. However, in sub-group analysis, weight gain among obese men was associated with a three-
fold higher PCa risk (HR 3.03, 95% CI 1.39–6.58) compared with obese men with stable weight. Overweight 
was associated with lower risk of metastatic cancer (OR 0.48, 95% CI 0.30–0.75) at diagnosis. Men with 
obesity had higher risk of PCa-specific death (HR 1.72, 95% CI 1.03–2.88), while nonsmoking obese PCa 
cases had two times higher PCa-specific mortality compared with normal weighted PCa cases (HR 2.10, 
95% CI 1.11–3.70).
Interpretation: In our cohort, weight gain among obese men was associated with higher risk of PCa, and 
obesity was associated with higher PCa-specific mortality, especially among nonsmokers. The relationship 
between weight and risk for PCa remains complicated, and future studies are needed to determine clinical 
implications.
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Background

The global increase in overweight and obesity parallels the 
increase in prostate cancer (PCa) [1–4], one of the most common 
cancer types among men worldwide [5]. Thus, any potential 
modifiable risk factor that may reduce the burden of PCa is 
important to study in detail across populations and during 
lifetime.

Several studies have supported a positive association 
between obesity and PCa development and mortality [6, 7], in 
contrast to others [8, 9]. A recent meta-analysis reported that a 
higher body mass index (BMI) was associated with a higher 
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overall and PCa-specific mortality [10]. Other studies have 
reported a positive association between obesity and aggressive 
PCa [11, 12], but some studies have found a positive association, 
only among nonsmokers, between long-term weight gain and 
fatal PCa [13, 14]. Moreover, a lower risk for fatal PCa with 
increasing BMI at age 18 was suggested, while a higher BMI later 
in life was associated with higher risk of PCa [14, 15]. These 
observations are also in part supported by others [8, 9, 16]. In 
contrast, meta-analyses failed to detect any association between 
high BMI and obesity and PCa incidence [11, 17, 18].

Several biological mechanisms have been hypothesized to 
explain the variation observed between excess weight and PCa 
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completed questionnaires, provided biological specimens, and 
underwent measurements and clinical examinations at each 
survey.

Questionnaires

Questionnaires sent out by invitation, were filled in at home and 
brought to the study site where they were checked for com-
pleteness and consistency. The questionnaires included items 
among others chronic diseases, socioeconomic-and lifestyle fac-
tors [28].

Assessments of anthropometric measurements and serum 
samples

Height and weight were measured at each of the four surveys 
(1994–1995, 2001, 2007/2008, 2015/2016) with the participants 
wearing light clothes and no shoes. Height was measured to the 
nearest centimeter (cm) and weight to the nearest kilogram 
(kg) using an electronic scale. BMI was calculated using the 
formula; weight (kg)/height2 (m2) [28, 29]. PSA measurements 
were performed on cancer cases only, as part of clinical routine 
in diagnosis and follow-up (1990–1994 Stratus® PSA Fluorometric 
Enzyme Immunoessay, 1994–2001 AxSYM Psa Reagent Pack, 
Abbot®, 2001 Bayer® PSA Reagens Pack Immuno I (Prod. Nr. T01-
3450-51, Technicon Immuno I).

Identification of PCa cases, PCa characteristics and medi-
cal charts during follow-up

All PCa cases were identified through linkage to the Cancer 
Registry of Norway by using the unique national 11-digit identi-
fication number. Information on emigration and main cause of 
death was obtained from the National Population Registry of 
Norway and the Cause of Death Registry at the Norwegian 
Institute of Public Health, respectively.

Histopathological information for the PCa cases were 
obtained from histopathological records, and all 
histopathological specimens were reexamined by the same 
experienced uro-pathologist (ER) and reclassified according to 
the latest International Society of Urological Pathology (ISUP) 
guidelines on Gleason Score and ISUP Grade Group (ISUP GG) 
[30]. The TNM classification was based on status in the medical 
records, according to the 7th edition of the Union for 
International Cancer Control (UICC) TNM classification system 
[31]. To avoid the T-stage migration introduced by gradual 
introduction of MRI in PCa diagnosis in the period, we recorded 
T-stage solely based on digital rectal examination, as in the 
following 8th version of UICC TNM classification.

Risk group categorization was made according to a 
modification of the D’Amigo classification [32]. Low risk was 
defined as ISUP GG 1, PSA < 10 and T-stage ≤ cT2A; intermediate 
risk as ISUP GG 2/3 or PSA 10–20 or T-stage cT2b-cT2c; high risk 
as ISUP GG 4 or 5, or PSA > 20, or T-stage ≥ cT3a.

risk and mortality. Excess weight at a young age may delay 
maturation of the prostate and lower testosterone levels [19] 
and prevent development of PCa among the youngest men at 
risk. In contrast, excess weight and adipose tissue locally in the 
prostate and periprostatic tissue may result in more chronic 
inflammation [15], increased angiogenesis [20] and secretion of 
cytokines [21], stimulating PCa development later in life.

Furthermore, excess weight has been associated with lower 
levels of prostate-specific antigen (PSA) [18]. These findings may 
in part be explained by higher plasma volume and hemodilution 
[22]. Moreover, the geographical differences in PCa screening 
with PSA have been shown to correlate strongly with the 
observed differences in PCa incidence [23, 24], but differences in 
screening rates cannot fully explain the variation in PCa 
incidence, since these differences were observed before PSA-
testing became available [24].

To our knowledge, most previous studies investigating the 
association between excess weight and PCa incidence, 
aggressiveness, and mortality include only a single measure of 
self-reported weight and BMI. However, weight gain assessed by 
repeated weight measurements was associated with higher PCa 
risk [25], but in a large meta-analysis, there was no association 
between adult weight gain and PCa [26]. Since obesity is a 
possible modifiable lifestyle factor, it is essential to improve the 
understanding of how excess weight and weight change in 
adult life may influence PCa development.

Thus, the aim of the present study was to evaluate the 
changes in PCa incidence throughout the last three decades. In 
addition, we wanted to explore whether adult excess weight 
and changes in prediagnostic weight are linked to PCa risk, 
severity, and mortality in a large Norwegian population-based 
cohort study with high repeated attendance rates including 
multiple measurements of height and weight.

Material and methods

In the Prostate Cancer Throughout Life Study (PROCA-life study), 
17,542 men aged ≥ 25 years at entry, who participated in the 
Tromsø Study surveys, 1994–1995 (Tromsø4), 2001 (Tromsø5), 
2007–2008 (Tromsø6), or 2015–2016 (Tromsø7) were included. 
Men who were diagnosed with any cancer prior to attending the 
study, and men who developed any cancer during the first year 
after study entry were excluded to account for the possibility 
that undiagnosed cancer or severe illness could affect the results 
(n = 555). Men with missing measurements of height and weight 
at first study entry were also excluded (n = 27). A total of 16,960 
men were included in the final study population, of whom 904 
developed incident PCa during the follow-up period (December 
31, 2019). Weight change analyses were performed on 5,680 
men, of whom 459 developed PCa during follow-up 
(Supplementary Figure).

Personal invitations were sent to all age-eligible men, and 
nonresponders were given one reminder. The procedures of 
invitations, screening, and examinations were almost identical 
in the four included surveys [27, 28]. The attendance rates in the 
surveys varied between 66% and 75% [27]. All participants 
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Medical records for PCa cases were reviewed to obtain 
detailed clinical data by trained physicians (MS, TK and ES). 
Follow-up time was calculated from the date of study entry to 
the date of death, date of PCa, date of a different cancer, 
emigration, or the end of follow-up (December 31, 2019), 
whichever came first.

Statistical analysis

Descriptive statistics were presented as mean with standard 
deviation (SD), median with interquartile range (IQR), or percent 
with numbers. Trends in incidence for PCa during follow-up, as 
new PCa cases per 1,000 person-years at risk, were calculated 
using Poisson regression with fractional polynomials of calendar 
year as the main predictor and age as covariate. The best -fitting 
fractional polynomials was chosen using the Akaike information 
criterion.

Cox proportional hazard regression models were used to 
study associations between incident PCa and overall and PCa-
specific mortality as dependent variables and measurements of 
BMI and weight change as independent variables. Logistic 
regression models were used to study associations between 
BMI, weight change, and severe PCa, using risk categorization 
(high risk nonmetastatic or metastatic) and high PSA (> 20) as 
binary dependent variables in separate models and most recent 
BMI and weight change before diagnosis as independent 
variables, adjusted for age at diagnosis. In separate models, BMI 
was included as a continuous variable and as a categorical 
variable with cut offs < 25.0 kg/m2 (normal weight), ≥ 25 kg/
m2–< 30.0 kg/m2 (overweight), ≥30 kg/ m2 (obesity), using < 25.0 
kg/m2 as reference level.

Sub-groups of the cohort with two or more weight measures 
were included in models assessing weight change as a risk factor 
for incident and aggressive PCa and mortality. Weight gain or 
loss was calculated as relative weight change in percentage of 
entry weight between Tromsø4 and 5, between Tromsø4 and 6, 
or between Tromsø5 and 6, depending on which study they 
attended, using the formula: Most recent weight - entry weight/
entry weight* 100. For those who had participated in all three 
surveys, we defined the weight change from weight at entry to 
the most recent weight measure: weight change between 
Tromsø4 and 6. Weight change was categorized as stable (less 
than ± 3% change in weight at entry), small increase (≥ 3%, but 
< 5%), large increase (≥ 5%), small loss (≤–3%, but >–5%), or 
large loss (≤–5%) in accordance with recommendations and 
previous studies [33]. The stable group was used as reference 
level in all models.

To study the association between variation in weight change 
and BMI, and PCa development in more detail, we performed 
subgroup analyses split by age at entry (tertiles) and BMI at 
entry (< 25.0 kg/m2, ≥ 25 kg/m2 – <30.0 kg/m2, ≥ 30 kg/ m2). We 
also performed analyses separately among smokers and 
nonsmokers to evaluate the possible effect of smoking.

Based on suggested biological mechanisms influencing PCa 
development and prognosis, the following variables were tested 
and included when appropriate as potential confounders: 

smoking at entry (categorical), physical activity at entry 
(categorical), alcohol consumption at entry (categorical), and 
highest level of education (categorical).

To account for the impact of age, we used age as time scale in 
the Cox models. The proportional hazard assumption was 
investigated graphically by assessing log minus log survival 
curves, and the PH assumption was met in all analyses. Survival 
curves of all cause and PCa-specific mortality were presented by 
BMI in groups and by weight change using stratified Cox models 
adjusted for smoking, physical activity, education, alcohol, and 
age at diagnosis, using date as timescale.

All statistical tests were two sided using a significance level of 
5%. Statistical analyses were conducted with STATA, version 17 
(StataCorp. 2021. Stata: Release 17. Statistical Software. College 
Station, TX: StataCorp LLC).

Results

Characteristics and PCa incidence

Among the 16,960 men included with a median age at entry of 
44 years and a mean BMI at entry of 26 kg/m2, 46% of these men 
were overweight and 14% obese. Among the 5,680 men with 
repeated measurements of height and weight, 43% gained 
more than 5% of body weight (kg).

A total of 904 men developed PCa, during the median follow-
up time of 16 years, with a median age at diagnosis of 68 years. 
The median PSA level at diagnosis was 9.8 mg/L. The proportion 
of PCa cases with high-grade cancer (ISUP GG ≥ 4) was 19%, and 
26% of the PCa cases had high risk disease and 12% had 
metastatic disease at diagnosis. Among the PCa cases, 311 (34%) 
men died during follow-up of whom 154 (17%) were PCa-
specific deaths (Table 1).

We observed an annual increase in PCa incidence for all age 
groups, except for the age group 80–89 years. Furthermore, we 
observed a 127% increase in overall age-adjusted PCa incidence 
in the whole cohort through the period from 1995 to 2019 
(incidence rate ratio of 2.27; 95% CI 1.82–2.83) (Figure 1).

BMI, weight change, and PCa risk and severity 

Overall, we observed no associations between BMI or weight 
change and incident PCa (Supplementary Table). In subgroup 
analysis, men with a BMI ≥ 30kg/m2 at study entry, and a weight 
gain ≥ 5% during follow-up, had a three-fold higher risk for inci-
dent PCa compared with obese men with stable weight (HR 
3.03, 95% CI 1.39–6.58) (Table 2). 

Among smokers who were overweight at study entry (BMI 
25–30 kg/m2), we observed a lower risk of PCa (HR 0.75, 95% CI 
0.59–0.97). There were no associations between overweight, 
obesity, or weight gain and incident PCa among nonsmokers 
(data not presented).

Men who were overweight had a lower risk of metastatic 
disease at the time of diagnosis compared with normal weighted 
men (OR 0.48, 95% CI 0.30–0.75) (Table 3). However, there was 
no association between overweight and high-risk nonmetastatic 
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Table 1.  Distribution of characteristics of men (overall, noncases, and cases) at study entry and characteristics of PCa cases. The PROCA life study.

Characteristic Overall (n = 16,960) Noncases (n = 16,056) PCa cases (n = 904)

Age at entry, year, median (IQR) 44 (37–54) 44 (37–54) 52 (46–60)
Observation time, year, median (IQR)a 21 (7–25) 23 (7–25) 16 (10–20)
Education
Elementary school 3,287 (19) 3,045 (19) 242 (27)
High school 3,875 (23) 3,667 (23) 208 (23)
< 4 years at college/university 2,493 (15) 2,371 (15) 122 (14)
≥ 4 years at college/university 7,305 (43) 6,973 (44) 332 (37)
Clinical variables, mean (SD)
Height, cm 178 (7) 178 (7) 177 (6)
Weight, kg 81 (13) 81 (13) 80.0 (12)
BMI, kg/m2 26 (4) 26 (4) 26 (3)
BMI categories
Normal weight (< 25 kg/m2) 6,828 (40) 6,451 (40) 377 (42)
Overweight (≥ 25 & < 30 kg/m2) 7,800 (46) 7,377 (46) 423 (47)
Obesity (≥ 30 kg/m2) 2,332 (14) 2,228 (14) 104 (12)
Weight change, categories
≤–5% 626 (11) 572 (11) 54 (12)
≤–3% to >–5% 327 (5) 294 (6) 33 (7)
< 3% to >–3% 1,636 (29) 1,495 (29) 141 (31)
≥ 3% to < 5% 633 (11) 574 (11) 59 (13)
≥ 5% 2,458 (43) 2,286 (44) 172 (38)
Blood pressure (BP), mean (SD)
Systolic BP, mmHg 135 (17) 135 (17) 140 (19)
Diastolic BP, mmHg 79 (11) 79 (11) 83 (12)
Lifestyle variables
Current smokers 5,506 (33) 5,225 (33) 281 (31)
Alcohol use
Teetotaler 1,307 (9) 1,234 (8) 73 (8)
0–4 times per month 11,316 (67) 10,745 (68) 571 (64)
> 4 times per month 4,187 (25) 3,933 (25) 254 (28)
Physical activity
Sedentary 2,949 (18) 2,808 (18) 141 (16)
Moderate 10,474 (62) 9,839 (62) 635 (71)
High 3,405 (20) 3,285 (21) 120 (13)
Characteristics among PCa cases
Age at diagnosis, year, median (IQR) 68 (63–74)
PSA at diagnosis, (µg/L), median (IQR) 9.8 (6.5–19.1)
ISUP grade groupb

1–3 (Gleason score 6–7) 633 (81)
4–5 (Gleason score 8–10) 151 (19)
cT stage at diagnosisc

T1–T2 604 (75)
T3–T4  174 (21)
Risk groupd

Low 148 (17)
Intermediate 337 (38)
High 227 (26)
Metastatic 108 (12)
Mortality
Overall mortality 3,533 (21) 3,222 (20) 311 (34)
PCa-specific mortality 154 (1) 0 (0) 154 (17)
CVD-specific death 1,115 (7) 1,072 (7) 43 (5)
Other cause of death 2,247 (13) 2,133 (13) 114 (13)

Data are presented as numbers (%) unless otherwise stated. 
PCa: prostate cancer; n: numbers; IQR: inter quartile range; SD, standard deviation; BMI: body mass index; BP: blood pressure; PSA: prostate-specific antigen; 
ISUP-score: International society of urological pathology-score; CVD: cardiovascular disease; SD: standard deviation.
aTime from first attendance to either end of follow-up (December 31, 2019), PCa, death or emigration.
bISUP grade group [30].
cclinical T-stage at diagnosis assessed by digital rectal exploration.
dRisk groups are defined according to D-Amico: Low risk was defined as ISUP GG 1, PSA < 10 and T-stage ≤ cT2A; intermediate risk as ISUP GG 2/3 or PSA 
10–20 or T-stage cT2b-cT2c; high risk as ISUP GG 4 or 5, or PSA > 20, or T-stage ≥ cT3a [32].
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PCa. Obesity (BMI ≥ 30 kg/m2) or weight change was not 
associated with high-risk or metastatic PCa. When comparing 
men who were overweight with normal weighted men, we 
observed a lower risk of high PSA (OR 0.69, 95% CI 0.48–0.99). 
Obesity (BMI ≥ 30 kg/m2) or weight change were not associated 
with high PSA (data not shown).

BMI, weight gain/change, and mortality

Obese men (BMI ≥ 30 kg/m2) had an increased PCa-specific 
mortality compared with normal weighted men (HR 1.72, 95% 
CI 1.03–2.88) (Table 4, Figure 2). However, there were lower risks 
of both overall mortality and PCa-specific mortality with large 
weight gain (p for trends 0.005 and 0.003, respectively). Men 

with weight gain of more than 5% had lower overall mortality 
(HR 0.59, 95% CI 0.39–0.91) and lower PCa-specific mortality 
(HR 0.52, 95% CI 0.28–0.95) compared with men with stable 
weight.

Among nonsmokers, obesity was associated with higher 
overall and PCa-specific mortality (HR 1.79, 95% CI 1.10–2.89 
and HR 2.02, 95% CI 1.11–3.70, respectively) (Table 4). Neither 
overall nor PCa-specific mortality was increased among smokers 
with obesity. We observed no associations between weight gain 
and overall or PCa-specific mortality among nonsmokers (data 
not shown), while smokers with a weight gain > 5% had lower 
overall mortality and PCa-specific mortality compared with 
smokers with stable weight (HR 0.28, 95% CI 0.12–0.63, and HR 
0.16, 95% CI 0.04–0.60, data not presented in table).

Figure 1.  Age-adjusted time trends in incidence rates of prostate cancer according to age at diagnosis for men in the PROCA life Study during 1995–2019. 
Dots represent annual incidence rate pr 1,000 person-years, with solid lines representing best fitted regression line for trend, with 95% confidence intervals. 
Y-axis scale differ by age groups. Test of trends are significant for all groups except for the age-group 40–49 (Figure 1A-F). IRR, incidence rate ratio, compares 
year 2019 and 1995.

Figure 1A.

IRR 2.44, 95 % CI 0.35-17.13

Figure 1B.

IRR 2.77, 95 % CI 1.53-5.02

Figure 1C.

IRR 1.84, 95 % CI 1.30-2.61
Figure 1D.

IRR 3.82, 95 % CI 2.25-6.5

Figure 1E.

IRR 0.46, 95 % CI 0.22-0.98
Figure 1F.

IRR 2.27, 95 % CI 1.82-2.83
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Discussion

In our prospective cohort study, we observed a 127% increase in 
PCa incidence during 16 years of follow-up. We observed no 
overall association between BMI and PCa risk, but importantly 
weight gain among men who were obese at study entry was 
associated with a three-fold higher risk for incident PCa com-
pared with obese men with stable weight. Moreover, obese men 
at study entry had a 70% higher PCa-specific mortality com-
pared with normal weighted men, while nonsmoking obese 
men diagnosed with PCa had a two times higher PCa-specific 
mortality compared with normal weighted nonsmoking men.

The strong increase in age-adjusted incidence of PCa in our 
cohort follows the well-known pattern for high-income 
countries, and Norway has together with the other Nordic 
countries, the highest incidence rate of PCa in Europe [7, 34, 35]. 
This increase in incidence also parallels the increase in excess 
weight in the Norwegian population as the prevalence of 

obesity in adult men has increased substantially during the 
study period, from 10% in 1994–95% to 21% in 2007–2008 [4]. In 
addition, the increased incidence parallels in time with a 
widespread opportunistic use of PSA-tests, and although 
Norway has never had an organized PSA screening program 
[36], opportunistic use of PSA testing has been shown to 
increase with age [37].

The positive association between weight gain and incident 
PCa in obese men in our study is supported by Wang and 
colleagues who observed a 3.7-fold higher PCa risk among 
obese men with weight gain [25]. One possible explanation of 
these findings could be that obese men visit their doctor more 
often due to other health problems than normal weighted men 
and are therefore more likely to have their PSA measured 
resulting in a higher likelihood of having PCa diagnosed.

The lack of an overall association between BMI and PCa risk 
as reported herein are supported by some [11, 17, 18] but are in 

Table 3.  Age-adjusted odds ratios (OR) for high risk, nonmetastatic, and metastatic prostate cancer according to pre-diagnostic body composition (BMI and 
weight change). The PROCA life Study.

High risk, nonmetastatic PCaa  Metastatic PCab

OR (95 % CI) OR (95 % CI)

BMI, kg/m2 N=c N=c

< 25 78/281 1 (reference) 51/281 1 (reference)
25 to < 30 111/411 0.97 (0.69–1.36) 40/411 0.48 (0.30–0.75)
≥ 30 37/127 1.06 (0.66–1.69) 17/127 0.68 (0.37–1.25)
BMI, continuous
Per SDd 1.04 (0.88–1.23) 0.79 (0.62–1.00)
Weight change N=c N=c

≤–5% 13/53 0.82 (0.39–1.70) 10/53 0.84 (0.35–2.02)
>–5% to ≤–3% 13/31 1.86 (0.83–4.17) 5/31 0.79 (0.26–2.42)
>–3% to < 3% 37/135 1 (reference) 23/135 1 (reference)
≥ 3% to < 5% 20/57 1.45 (0.74–2.82) 6/57 0.52 (0.19–1.45)
≥ 5% 33/159 0.73 (0.43–1.26) 15/159 0.65 (0.31–1.37)

BMI: Body Mass Index; ISUP: International society of urological pathology; N: numbers; SD: standard deviation. BMI measured as close to the time of diagnosis 
as possible.
aHigh risk, nonmetastatic defined as ISUP grade group 4 or 5, or PSA >20, or cT-stage ≥ T3a, or N1, and M0.
bMetastatic defined as M1 or PSA>100
cNumber of cases with the given disease characteristics / Number of total cases in the group
dStandard deviation for BMI was calculated to 4 kg/m2

Table 2.  Hazard ratios (HRs) for incident prostate cancer according to prediagnostic weight change stratified by prediagnostic, baseline body mass index 
(BMI). The PROCA life Study.

BMI < 25 kg/m2

Total N = 2,378
BMI 25 – 30 kg/m2

Total N = 2,702
BMI ≥ 30 kg/m2

Total N = 600

Model 1a

HR (95% CI) 
Model 2b

HR (95% CI)
Model 1a

HR (95% CI)
Model 2b

HR (95% CI)
Model 1a

HR (95% CI)
Model 2b

HR (95% CI)

Weight change N=c N=c N=c

≤–5% 15 0.84 (0.48–1.48) 0.83 (0.47–1.47) 27 1.09 (0.70–1.69) 1.10 (0.70–1.72) 12 1.87 (0.78–4.45) 1.75 (0.72–4.24)
>–5% to ≤–3% 16 1.32 (0.76–2.30) 1.23 (0.70–2.18) 14 0.96 (0.54–1.70) 0.95 (0.54–1.69) 3 2.28 (0.61–8.46) 2.55 (0.68–9.51)
>–3% to < 3% 60 1 (reference) 1 (reference) 72 1 (reference) 1 (reference) 9 1 (reference) 1 (reference)
≥ 3% to < 5% 24 1.19 (0.74–1.91) 1.18 (0.73–1.90) 26 0.92 (0.59–1.44) 0.92 (0.60–1.45) 9 3.12 (1.23–7.94) 3.53 (1.38–9.03)
≥ 5% 72 0.94 (0.66–1.33) 0.91 (0.64–1.29) 73 0.93 (0.67–1.30) 0.96 (0.69–1.34) 27 2.96 (1.37–6.41) 3.03 (1.39–6.58)
P trend 0.861 0.807 0.511 0.592 0.085 0.057

aAdjusted for age. 
bAdjusted for smoking, physical activity, education level, and alcohol at the same time of baseline.
cNumber of incident prostate cancer cases
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contrast to others [16, 38–40]. A possible explanation for the 
lack of association in our study may be hemodilution of PSA 
and/or increased size of the prostate with lower probability of 
finding a malignant focus on random biopsies [12, 39]. 
Interestingly, previous meta-analyses have found a positive 
association between obesity and incidence of PCa observed in 
the leaner populations in Europe and Australia and no 
association in the potentially more obese US population and 
suggested that different patterns of PSA screening may be the 
cause [39, 40]. Another explanation may be that the association 
between excess weight and PCa development may vary 
according to the time period throughout life where exposure to 
excess weight may occur [14, 41, 42]. A high BMI at a young age 
was observed to be negatively associated with PCa, while 

weight gain in adult life may increase the risk for incident PCa 
[9, 14, 15, 20]. Our cohort may therefore include the overweight 
men who received the suggested protective benefits of 
adiposity at a younger age before study entry and fewer men 
who have their weight gain later in adult life. This may also 
explain the inverse association between overweight and risk for 
metastatic PCa observed in our study, which is in contrast to 
other studies [17, 18, 38]. However, previous studies on the 
association between BMI and metastatic PCa is limited, and this 
topic remains controversial.

There are several biological mechanisms that support a 
variation in the association between excess weight during 
lifetime and prostate development [19, 20, 42]. Androgens play 
a major role in the development and maturation of the normal 

Figure 2.  Survival curves for men diagnosed with prostate cancer in the PROCA life study during 1995-2019, stratified by body mass index (BMI) (a) overall 
mortality, (b) prostate-cancer mortality.

Number at risk
<25 kg/m2 376 184 77 32 10 0
25-30 kg/m2 423 228 97 33 3 0
>30 kg/m2 104 52 18 3 1 0

Number at risk
<25 kg/m2 376 184 77 32 10 0
25-30 kg/m2 423 228 97 33 3 0
>30 kg/m2 104 52 18 3 1 0

BMI <25 kg/m2

BMI 25-30 kg/m2

BMI >30 kg/m2

BMI <25 kg/m2

BMI 25-30 kg/m2

BMI >30 kg/m2

a

b
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prostate as well as for risk of PCa development [43], and 
androgens are lower in obese men [44]. Recently, in a study 
based on data from a UK biobank using Mendelian 
randomization, they observed that increased bioavailable 
testosterone was associated with higher risk of PCa. They also 
observed that lower bioavailable testosterone was associated 
with higher BMI [42]. On the other hand, the increased aromatase 
activity in obese men leading to higher concentrations of estradiol 
may promote PCa development [45]. Furthermore, adipose tissue 
including peri-prostatic adipose tissue may exert both systemic 
and local hormonal effects through secretion of adipokines and 
cytokines that may stimulate PCa development [21].

We observed an inverse association in the total study 
population between overweight and high PSA, in line with a 
recent study showing an inverse association between PSA and 
BMI [18]. The lower levels of observed PSA in overweight men 
compared with normal-weight men may also account for some 
of the observed inverse association between overweight and 
metastatic PCa. On the other hand, obesity and metabolic 
syndrome have been associated with lower urinary tract 
symptoms (LUTS) [46, 47], which may entail a more widespread 
use of PSA-testing, thus increasing the probability of being 
diagnosed with PCa at an earlier stage. Even so, the degree of 
LUTS have not been found to correlate with PCa [48, 49].

The higher risk of PCa-specific mortality among those who were 
obese at study entry is supported [10]. Interestingly, in our study, 
the higher risk of all fatal events in PCa was only observed among 
nonsmokers and not in smokers and support findings in the 
National Institutes of Health-American Association of Retired 
Persons (NIH-AARP) Diet and Health Study [14]. They observed that 
smoking status modified the relationship between BMI and fatal 
PCa. Additionally, obesity may also be a risk factor for complications 
during surgery, and side effects from oncological treatment [50]. 
Furthermore, our study observed a lower risk of overall mortality 
among PCa cases with weight gain, which is in part supported by 
findings in the same study population who found that men with a 
weight loss had higher all-cause mortality [51].

Table 4.  Hazard ratios (HRs) for overall and prostate cancer (PCa) specific mortality for PCa cases according to BMI at baseline. Data are presented for the 
overall PCa population, and stratified for nonsmokers and smokers at baseline. The PROCA life study.

Overall mortality PCa Specific mortality

Overall  
HR (95% CI)

 Nonsmokers
 HR (95% CI)

Smokers  
HR (95% CI)

Overall 
HR (95% CI)

Nonsmokers
HR (95% CI)

Smokers
HR (95% CI)

BMI group  
(kg/m2)

N=a N=a

< 25.0 130/377 1 (reference) 1 (reference) 1 (reference) 66/377 1 (reference) 1 (reference) 1 (reference)
25.0 to < 30 145/423 1.09 (0.85–1.39) 1.31 (0.95–1.80) 0.81 (0.55–1.21) 67/423 0.98 (0.69–1.40) 1.08 (0.70–1.68) 0.76 (0.41–1.42)
≥ 30 36/104 1.44 (0.98–2.12) 1.79 (1.10–2.89) 0.98 (0.50–1.95) 21/104 1.72 (1.03–2.88) 2.02 (1.11–3.70) 1.03 (0.35–3.02)
P trend 0.097 0.014 0.539 0.160 0.066 0.627
BMI, 
continuous 
per SDb 1.14 (0.99–1.31) 1.33 (1.12–1.57) 0.86 (0.68–1.08) 1.17 (0.97–1.41) 1.29 (1.03–1.63) 0.93 (0.65–1.34)

All analyses are adjusted for physical activity, education level, and alcohol at the time of baseline. Analyses in overall population are adjusted for smoking 
status at baseline.
aNumber of deaths/Number of total cases in the group.
bStandard deviation for BMI was calculated to 4 kg/m2.

The present study has some major strengths that include a 
population-based cohort study with high attendance rate and 
anthropometric measurements that lessen the chance of biased 
observations. The high completeness rates of identification of 
PCa cases (Cancer Registry of Norway) and identification of death 
and emigration (Cause of Death Registry) have been estimated to 
be very close to complete, 99% [52]. All medical records (clinical 
and histological) for the PCa patients were carefully reviewed. We 
limited our study population to men who had no history of cancer 
before or within the first year after study inclusion to lessen the 
chance that previous cancer could influence our results.

Our study also has some weaknesses. The prostate 
carcinogenesis entails a protracted course that can initiate as 
early as in the third decade of life, and thus a young cohort as 
the present may not have the ability to fully explore the effect of 
weight gain on PCa risk during adult life. Moreover, the high 
10-year survival rate from PCa together with relatively short 
follow-up time after diagnosis limits the evaluation of overall 
and PCa-specific mortality. A longer prediagnostic and 
postdiagnostic follow-up period including changes in weight 
would have strengthened our findings.

Interpretation

In our cohort, weight gain among obese men was associated 
with higher risk of PCa, and obesity was associated with higher 
PCa-specific mortality, especially among nonsmokers.

These findings support that excess weight may be a potential 
important modifiable factor associated with PCa, but the 
relationship observed between excess weight during adult life 
and fatal PCa is complex and age at exposure and smoking 
habits may interact. Further research is needed to understand 
the role of excess weight in clinical settings to prevent PCa and 
improve PCa survival.
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