
Prostate Cancer Risk in the Swedish
AMORIS Study
The Interplay Among Triglycerides, Total Cholesterol, and Glucose

Mieke Van Hemelrijck, PhD1; Hans Garmo, PhD1,2; Lars Holmberg, PhD1,2; Göran Walldius, PhD3,4; Ingmar Jungner, PhD5;
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BACKGROUND: In a cohort including 5112 prostate cancer (pCa) patients, the authors investigated associations

among triglycerides (TG), total cholesterol (TC), and pCa while taking into account glucose. METHODS: A cohort (n

¼ 200,660) based on 4 groups of men, according to age at cohort entry, with TG, TC, and glucose measurements

was selected from the Apolipoprotein MOrtality RISk (AMORIS) database. Of these, 5112 men developed pCa. Multi-

variate Cox proportional hazard models were used to analyze associations among TG, TC, and pCa. Competing risks

were assessed graphically. RESULTS: Age-stratified analyses for quartiles of TG, TC, and glucose showed a negative

association between glucose and pCa risk (HR, 0.93; 95% CI, 0.86-1.01), 0.93 (0.86-1.01), 0.87 (0.81-0.94) for the sec-

ond, third, and fourth quartiles compared with the first (Ptrend ¼ .001). Stratified analysis by glucose levels (<6.11 or

�6.11 mmol/L) showed a positive association between hypertriglyceridemia (TG�1.71 mmol/L) and pCa risk, when

there were high glucose levels (HR, 1.23; 95% CI, 1.01-1.48). No association was found for hypercholesterolemia

(TC�6.50 mmol/L). Competing risk analysis showed that protective effects of glucose were overestimated in conven-

tional Cox proportional hazard models and strengthened positive findings between TG and pCa risk. CONCLUSIONS:

The authors’ findings supported the hypothesis that factors of the glucose and lipid metabolism influence pCa risk.

Competing risk assessment showed that it is important to take into account the long natural history and age distribu-

tion of pCa when interpreting results. The authors’ findings indicate another reason to fight the increasing prevalence

of obesity and dyslipidemia. Cancer 2011;117:2086–95. VC 2010 American Cancer Society.
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During the last decade, some studies investigated whether the metabolic syndrome is associated with prostate cancer
(pCa) risk.1,2 Long-term immigrants approach the pCa risk of white men of the country they migrate to,3 suggesting that
changes in lifestyle affect pCa risk. Because the prevalence of pCa and metabolic-related symptoms are growing world-
wide, it is important to investigate possible associations among hypertriglyceridemia, hypercholesterolemia, and the risk
of developing pCa.

The metabolic syndrome is related to an increased risk of cardiovascular disease and includes, depending on the defi-
nition used, at least 3 of the following symptoms: central obesity, raised triglycerides or specific treatment for this lipid ab-
normality, reduced HDL cholesterol or specific treatment for this lipid abnormality, raised blood pressure or treatment of
previously diagnosed hypertension, or raised fasting plasma glucose.4 Hsing et al indicated in a meta-analysis that men
with metabolic syndrome are 1.54 times more likely to develop pCa.5 However, inconsistent use of the metabolic syn-
drome definition in different studies can lead to contradicting evidence for a link between the metabolic syndrome and
pCa. Therefore, it is interesting to look at different components of the metabolic syndrome: this study focuses on hypertri-
glyceridemia, hypercholesterolemia, and hyperglycemia in relation to pCa risk.
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Obesity is also linked to lipid changes and may be
linked to pCa. In the meta-analysis by Hsing et al, body
mass index (BMI) was positively associated with pCamor-
tality but not with pCa incidence (pooled RRs, 1.25 and
1.03, respectively).5 It has also been postulated that obe-
sity is associated with reduced risk of low-grade pCa but
with increased risk of high-grade pCa,5,6 also supported
by a retrospective analysis of 2303 patients treated with
radical prostatectomy in which obese men had higher-
grade and larger tumors compared with men with a nor-
mal BMI.7

From epidemiological studies, diabetes is thought to
decrease pCa risk, but underlying mechanisms remain
unclear.8 US Surveillance, Epidemiology, and End
Results (SEER) data have shown that after adjustment for
confounding variables, self-reported diabetes is not signif-
icantly associated with pCa risk (OR, 0.98). Another large
study, based on the NIH-AARP Diet and Health study,
found that history of diabetes is associated with decreased
risk of pCa (RR, 0.71).9

Apart from the growing evidence for associations
between glucose and pCa, several lines of evidence have led
to an augmented interest for the role of TG and TC as pos-
sible predictors of pCa risk. Animal studies have shown
decreased growth of human prostate LNCaP tumors
(androgen-sensitive human prostate adenocarcinoma cells)
in nude mice fed a low-fat diet.10 Furthermore, androgens
are believed to stimulate prostate tumor growth via activa-
tion of the sterol regulatory element binding protein
(SREBP) pathway, which regulates lipogenic gene expres-
sion, resulting in accumulation of neutral lipids (triglycer-
ides and cholesteryl esters) and, consequently, tumor
growth.11 Enhanced lipogenesis is thought to play a key role
in cancer progression and is, therefore, a promising novel
target for antineoplastic intervention.11 Finally, effects of
statin use (cholesterol and triglyceride-lowering drugs) have
been studied extensively, but evidence for an association
with pCa risk remains inconclusive.12

To date, the largest study investigating total choles-
terol (TC) levels and pCa risk, a nested case-control study
with 698 pCa cases, found a negative association for high-
grade and advanced pCa (ORs, 0.61 and 0.42, respec-
tively), whereas a hospital-based retrospective case-control
study with 312 cases found a positive association for over-
all pCa (OR, 1.64).13,14 Both findings were adjusted for
age, family history of pCa, body size, diabetes, smoking,
and several dietary components. A prospective cohort
study including 1484 pCa cases found a lower incidence
of overall pCa with higher levels of TG (HR, 0.94, 0.87,

and 0.67, for the second, third, and fourth quartiles com-
pared with the first quartile).15 Findings were adjusted for
body size, gamma-glutamyltransferase, glucose, TC,
smoking, and occupational status.

We studied the associations between TG, TC, glu-
cose and pCa risk in detail in the Swedish Apolipoprotein
MOrtality RISk (AMORIS) database, which provided
measurements for TG, TC, and glucose in a large cohort
of men in which 5112 developed pCa.

MATERIALS AND METHODS

Study population and data collection

The AMORIS database recruited 351,487 men and
338,101 women between 1985 and 1996, mainly from
the greater Stockholm area, with age ranging from <20
years to >80 years. They were either healthy individuals
referred for clinical laboratory testing as part of health
checkups, or they were outpatients referred for laboratory
testing. All laboratory analyses were performed at the
CALAB laboratory, Stockholm.16,17 No individuals were
inpatients at the time their blood samples were analyzed.
None were excluded from the database for any possible
manifestation of disease or because of treatment. More
than 60% were known to be fasting at the time of blood
sampling. A more detailed description of the AMORIS
study is given elsewhere.17-20 The AMORIS database was
linked to the Swedish National Cancer Register as well as
the Cause of Death Register and the consecutive Swedish
Censuses during 1970-1990 by using the Swedish 10-
digit personal identity number.21 Socioeconomic charac-
teristics were obtained from the censuses including socioe-
conomic status (SES). SES is based on occupational
groups and classifies gainfully employed subjects into
manual workers and nonmanual employees, below
denoted as blue-collar and white-collar workers.22 The
National Cause of Death Register records all deaths in
Sweden with date and underlying and contributing causes
of death since 1953.21 The Swedish National Cancer
Register was founded in 1958 and covers the entire Swed-
ish population. According to Swedish law, every case of
primary cancer must be notified to the cancer registry by
the responsible clinician and also by the pathologist/cytol-
ogist.23,24 The present study complied with the Declara-
tion of Helsinki, and the ethics review board of the
Karolinska Institute approved the study.

For all men included in the present study (n ¼
200,660), there was information on TG, TC, and glucose
available from the same health examination, taken within

Metabolic Changes and Prostate Cancer/Van Hemelrijck et al

Cancer May 15, 2011 2087



10 years before cohort entry. Because the risk of pCa is
strongly age-dependent, we used a cohort based on 4
groups of men allocated according to age at cohort entry
(aged 45, 55, 65, and 75 years). All men were free from
pCa at time of entry and none were diagnosed with pCa
or died within 3 months after entry. Follow-up time was
defined as the time from age at cohort entry (aged 45, 55,
65, or 75 years [as above]) until the date of pCa diagnosis,
death, or study closing date (December 31, 2002).

The following information was retrieved from the
AMORIS database, serum TG (mmol/L), serum TC

(mmol/L), serum glucose (mmol/L), age, and fasting sta-
tus. From the other registers, information was retrieved
on socioeconomic status (SES), pCa diagnosis, death, and
emigration.

Triglycerides and TC were measured enzymatically
as described previously.16,25 Glucose was measured enzy-
matically with a glucose-oxidase/peroxidase method. All
methods were fully automated with automatic calibration
and performed at 1 accredited laboratory.16

Data analyses

The associations between quartiles of TG, TC, glucose,
and pCa risk were analyzed by using multivariate Cox
proportional hazards models in an age-stratified analysis,
which allowed for different baseline hazards in the differ-
ent age groups. A test for trend was conducted by using
assignment to quartiles as an ordinal scale. All analyses
were repeated for each age cohort separately as well. Based
on the statistically significant findings for quartiles of glu-
cose, we then conducted a stratified analysis by levels of
glucose (<6.11 or �6.11 mmol/L, according to the
National Cholesterol Education Program [NCEP]). TG
and TC were also dichotomized according to the NCEP
guidelines (cutoffs, 1.71 and 6.50 mmol/L, respectively).4

All models took into account glucose and/or TG and/or
TC, SES, fasting status, and time between measurements
and entry.

Because pCa has a long natural history and is a dis-
ease mainly in the elderly, competing risks are involved in
the analysis of pCa risk. In general, a competing risk situa-
tion arises when an individual can experience not only the
event of interest but can also be censored because of other
events.26 It is even more important to consider competing
risk when, as in this study, metabolic factors such as hy-
pertriglyceridemia and hypercholesterolemia may be
linked to both pCa and early death due to, for instance,
cardiovascular diseases.27 Thus, death from circulatory
disease and death from other causes are considered to be
competing risks for pCa diagnosis. In a Cox proportional
hazard model, as described above, 1 of the main assump-
tions is that censoring is not informative. We violate this
assumption when we censor for death (and not having
pCa) as the cause of death may be related to our exposure
of interest for pCa risk, such as lipid levels. To find out
how our findings in the Cox proportional hazard models
are affected by this violation, we created graphs to illus-
trate the cumulative incidence of pCa, the cumulative
incidence of death (due to circulatory disease [ICD-10:
I00-I99] and due to other causes), 1 � probability of

Table 1. Descriptive Statistics of the Study Population by
PCa Status

PCa 5
5112

No PCa 5
195,548

No. (%) No. (%)

Age group
Age group 45 498 (9.74) 90,154 (46.10)

Age group 55 1463 (28.62) 57,995 (29.66)

Age group 65 2619 (51.23) 40,381 (20.65)

Age group 75 532 (10.41) 7018 (3.59)

Socioeconomic status
White collar 2871 (56.16) 101,805 (52.06)

Blue collar 1814 (35.49) 79,191 (40.50)

Not gainfully employed

or missing

427 (8.36) 14,552 (7.45)

Fasting status
Fasting 115,211 (58.92) 3200 (62.60)

Nonfasting 30,081 (15.38) 346 (6.77)

Missing 50,256 (25.70) 1566 (30.63)

Year of PCa diagnosis
1985-1991 245 (4.79)

1991-1997 1364 (26.68)

>1997 3503 (68.53)

Time until study entry, y
Mean (SD) 3.01 (2.54) 3.80 (2.81)

Follow-up time, y
Mean (SD) 6.96 (4.03) 8.27 (4.29)

Glucose, mmol/L
Mean (SD) 5.18 (1.27) 5.21 (1.40)

<6.11 4667 (91.29) 178,559 (91.31)

‡6.11 445 (8.71) 16,989 (8.69)

Triglycerides, mmol/L
Mean (SD) 1.51 (0.96) 1.58 (1.14)

<1.71 3635 (71.11) 136,019 (69.56)

‡1.71 1477 (28.89) 59,529 (30.44)

Total cholesterol, mmol/L
Mean (SD) 5.93 (1.02) 5.83 (1.07)

<6.50 3674 (71.87) 144,388 (73.84)

‡6.50 1438 (28.13) 51,160 (26.16)
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pCa-free survival, and the conditional (ie, conditioned on
the fact that a person was alive) probability of pCa diag-
nosis.28 We considered the probability of reverse causa-
tion (ie, blood lipid levels can be affected by an
undiagnosed pCa) by conducting a sensitivity analysis in
which all men who had their measurements taken within
1.5 years before pCa diagnosis were excluded.29 All anal-
yses were conducted with Statistical Analysis Systems
(SAS) release 9.1.3 (SAS Institute, Cary, NC) and R ver-
sion 2.7.2 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS
A total of 498 of 90,652 men developed pCa in the group
aged 45 years, while 1463 of 59,458, 2619 of 43,000, and
532 of 7550 were diagnosed with pCa in the groups aged
55, 65 and 75 years, respectively. All participant charac-
teristics are shown in Table 1. More than 90% of the pop-
ulation was gainfully employed; the measurements were
taken as part of health examinations performed at com-
pany health checkups. A detailed overview of the meta-
bolic factors (TG, TC, and glucose) by age group is given
in Table 2.

Multivariate Cox proportional hazards model for
the association between quartiles of TG, TC, and glucose,
and pCa risk did not show a clear pattern for TG and TC
(Table 3). For glucose, a statistically significant negative
association was found (age-stratified HR, 0.93 (95% CI,
0.86-1.01); HR, 0.93 (95% CI, 0.86-1.01); HR, 0.87
(95% CI, 0.81-0.94) for the second, third, and fourth
quartiles compared with the first quartile; Ptrend ¼ .001;
Table 3).

Based on the findings for glucose in Table 3 and the
current body of evidence for an association between glu-
cose and pCa risk, we conducted a stratified analysis by
levels of glucose (<6.11 or �6.11 mmol/L) in which TG
and TC were also dichotomized (Table 4). We found a
positive association between hypertriglyceridemia and
pCa risk for men with high glucose levels (age-stratified
HR, 1.23; 95% CI, 1.01-1.48). No association was found
for hypercholesterolemia, but a combination of hypertri-
glyceridemia and hypercholesterolemia was associated
with a statistically nonsignificant increased pCa risk for
men with high glucose levels (age-stratified HR, 1.09;
95%CI, 0.91-1.32).

We further considered the long natural history and
age distribution of pCa as well as competing risks. The

Table 2. Descriptive Statistics of the Metabolic Variables in
Each Age Cohort

PCa 5 5112 No PCa 5
195,548

No. (%) No. (%)

Age group 45

Glucose, mmol/L

Mean (SD) 4.97 (1.05) 5.03 (1.13)

<6.11 474 (95.18) 85,286 (94.60)

‡6.11 24 (4.82) 4868 (5.40)

Triglycerides, mmol/L

Mean (SD) 1.46 (0.97) 1.55 (1.16)

<1.71 364 (73.09) 63,904 (70.88)

‡1.71 134 (26.91) 26,250 (29.12)

Total cholesterol, mmol/L

Mean (SD) 5.68 (1.06) 4.97 (1.05)

<6.50 378 (75.90) 70,517 (78.22)

‡6.50 120 (24.10) 19,637 (21.78)

Age group 45

Glucose, mmol/L

Mean (SD) 5.12 (1.11) 5.27 (1.46)

<6.11 1364 (93.23) 52,343 (90.25)

‡6.11 99 (6.77) 5652 (9.75)

Triglycerides, mmol/L

Mean (SD) 1.57 (1.02) 1.64 (1.17)

<1.71 1005 (68.69) 39,101 (67.42)

‡1.71 458 (31.31) 18,894 (32.58)

Total cholesterol, mmol/L

Mean (SD) 5.94 (0.99) 5.95 (1.06)

<6.50 1052 (71.91) 40,873 (70.48)

‡6.50 411 (28.09) 17,122 (29.52)

Age group 65

Glucose, mmol/L

Mean (SD) 5.23 (1.29) 5.43 (1.69)

<6.11 2364 (90.26) 35,121 (86.97)

‡6.11 255 (9.74) 5260 (13.03)

Triglycerides, mmol/L

Mean (SD) 1.50 (0.92) 1.58 (1.06)

<1.71 1881 (71.82) 28,041 (69.44)

‡1.71 738 (28.18) 12,340 (30.56)

Total cholesterol, mmol/L

Mean (SD) 5.97 (1.03) 5.99 (1.05)

<6.50 1838 (70.18) 27,872 (69.02)

‡6.50 781 (29.82) 12,509 (30.98)

Age group 75

Glucose, mmol/L

Mean (SD) 5.33 (1.66) 5.61 (1.86)

<6.11 465 (87.41) 5809 (82.77)

‡6.11 67 (12.59) 1209 (17.23)

Triglycerides, mmol/L

Mean (SD) 1.49 (0.93) 1.54 (1.03)

<1.71 385 (72.37) 4973 (70.86)

‡1.71 147 (27.63) 2045 (29.14)

Total cholesterol, mmol/L

Mean (SD) 5.83 (0.99) 5.86 (1.06)

<6.50 406 (76.32) 5126 (73.04)

‡6.50 126 (23.68) 1892 (26.96)
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age distribution was accounted for by analyzing the associ-
ation between TG or TC and pCa in different age groups.
The competing-risk problem is especially important in
the oldest age group.

Fig. 1 shows the results for the cohort aged 75 years.
The unconditional probability for pCa diagnosis (light
gray dashed line in Fig. 1) is lower for those with glucose
�6.11 mmol/L compared with those with glucose <6.11

Table 3. Hazard Ratios (HR) for Risk of PCa by Quartile

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile Ptrend

HR HR (95% CI) HR (95% CI) HR (95% CI)

Triglycerides <0.9 mmol/L 0.9-1.3 mmol/L 1.3-1.9 mmol/L >1.9 mmol/L

All age groupsa 1.00 (Ref) 1.00 (0.93-1.08) 0.89 (0.83-0.97) 1.01 (0.93-1.10) .542

Age group 45 1.00 (Ref) 1.03 (0.82-1.31) 0.75 (0.58-0.98) 0.91 (0.70-1.19) .168

Age group 55 1.00 (Ref) 1.03 (0.89-1.20) 0.97 (0.83-1.13) 1.11 (0.95-1.30) .294

Age group 65 1.00 (Ref) 0.99 (0.88-1.10) 0.89 (0.78-0.98) 0.96 (0.86-1.09) .221

Age group 75 1.00 (Ref) 0.97 (0.77-1.23) 0.95 (0.74-1.22) 1.07 (0.82-1.39) .687

Total cholesterol <5.1 mmol/L 5.1-5.8 mmol/L 5.8-6.5 mmol/L >6.5 mmol/L

All age groupsa 1.00 (Ref) 1.08 (0.99-1.17) 1.06 (0.98-1.15) 0.99 (0.91-1.08) .583

Age group 45 1.00 (Ref) 1.19 (0.94-1.51) 0.99 (0.76-1.30) 1.12 (0.86-1.46) .726

Age group 55 1.00 (Ref) 1.10 (0.94-1.28) 1.11 (0.95-1.30) 1.01 (0.87-1.19) .992

Age group 65 1.00 (Ref) 1.03 (0.92-1.16) 1.03 (0.91-1.16) 0.98 (0.87-1.11) .650

Age group 75 1.00 (Ref) 1.11 (0.87-1.43) 1.13 (0.88-1.45) 0.91 (0.70-1.18) .448

Glucose <4.6 mmol/L 4.6-5.0 mmol/L 5.0-5.5 mmol/L >5.5 mmol/L

All age groupsa 1.00 (Ref) 0.93 (0.86-1.01) 0.93 (0.85-1.01) 0.87 (0.81-0.94) .001

Age group 45 1.00 (Ref) 1.00 (0.79-1.25) 0.93 (0.72-1.19) 0.91 (0.69-1.18) .390

Age group 55 1.00 (Ref) 0.93 (0.80-1.08) 0.93 (0.80-1.09) 0.93 (0.80-1.08) .406

Age group 65 1.00 (Ref) 0.95 (0.85-1.07) 0.97 (0.87-1.09) 0.88 (0.79-0.98) .034

Age group 75 1.00 (Ref) 0.76 (0.59-0.99) 0.73 (0.56-0.94) 0.68 (0.54-0.86) .003

Hazard ratios (HR) for risk of PCa with 95% confidence intervals (CI) by triglyceride quartiles, total cholesterol quartiles, glucose quartiles, and age groups. All

HRs are adjusted for fasting status, glucose (continuous) and/or triglycerides (continuous) and/or total cholesterol (continuous), SES, and time between mea-

surement taken and cohort entry.
a Age group stratified analysis.

Table 4. Hazard Ratios (HR) for Risk of PCa by Level of Glucose

Glucose <6.11 mmol/L Glucose ‡6.11 mmol/L

HR (95% CI) HR (95% CI)
Hypertriglyceridemia, Triglycerides ‡1.71 mmol/L

All age groupsa 1.01 (0.94-1.08) 1.23 (1.01-1.48)

Age group 45 0.95 (0.76-1.18) 1.59 (0.66-3.82)

Age group 55 1.04 (0.92-1.18) 1.39 (0.91-2.11)

Age group 65 1.00 (0.91-1.10) 1.04 (0.81-1.34)

Age group 75 0.98 (0.78-1.22) 1.69 (1.03-2.76)

Hypercholesterolemia, Total Cholesterol �6.50 mmol/L
All age groupsa 1.05 (0.97-1.12) 0.96 (0.77-1.20)

Age group 45 0.99 (0.81-1.21) 1.58 (0.58-4.34)

Age group 55 1.13 (0.98-1.29) 0.86 (0.53-1.37)

Age group 65 1.02 (0.92-1.13) 0.98 (0.73-1.32)

Age group 75 1.03 (0.83-1.28) 0.96 (0.58-1.64)

Hypertriglyceridemia and Hypercholesterolemia, Triglycerides �1.71 mmol/L and Total
Cholesterol �6.50 mmol/L
All age groupsa 1.00 (0.93-1.07) 1.09 (0.91-1.32)

Age group 45 0.89 (0.71-1.11) 1.76 (0.78-3.97)

Age group 55 1.02 (0.90-1.15) 1.09 (0.74-1.62)

Age group 65 1.03 (0.93-1.13) 1.01 (0.79-1.29)

Age group 75 0.91 (0.72-1.14) 1.32 (0.80-2.16)

Hazard ratios (HR) for risk of PCa with 95% confidence intervals (CI) by levels of glucose, adjusted for fasting status, tri-

glycerides, or total cholesterol (continuous), SES, and time between measurement taken and cohort entry.
a Age group stratified analysis.
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mmol/L, as previously shown in Table 2. However, when
taking into account the competing risk of early death, the
difference in conditional probabilities for pCa diagnosis
(ie, conditioned on the fact that a person was alive; white
dotted line in Fig. 1) between those with glucose �6.11
mmol/L and <6.11 mmol/L became much smaller (Fig.
1). In the 75-year-old age cohort, about 31.37% of all
deaths (n ¼ 2875) that occurred during follow-up were
due to circulatory disease (dark gray for cumulative inci-
dence in Fig. 1), 2.75% due to pCa, 12.38% due to other
cancers, and 53.50% due to other diseases (death due to
other causes than circulatory disease are shown in light
gray for cumulative incidence in Fig. 1). No strong effects
of competing risks were found for the associations among
TG, TC, and pCa risk (results not shown).

To illustrate the effect of competing risk on the
results by glucose levels in Table 4, the above competing

risk analysis for the 75-year-old age cohort was repeated
for different levels of TG. Figure 2 shows that, by taking
into account competing risks, the association between hy-
pertriglyceridemia and pCa risk for men with glucose
�6.11 mmol/L may be even stronger (white dotted line vs
light gray dashed line in Fig. 2) than the association found
in Table 4.

Only 42 men had their measurements of TG, TC,
and glucose taken within 1.5 years before their pCa diag-
nosis, resulting in no changes in the previous findings
when excluding these men (results not shown).

DISCUSSION
In the AMORIS study, we found evidence for an associa-
tion between metabolic factors, like TG, TC, and glucose,
and pCa risk. When we assessed the possible competing
risks, especially among the elderly, quartiles of glucose

Figure 1. Competing risks in the age 75 cohort are shown for levels of glucose: cumulative incidence of death due to circulatory
disease (dark gray area), cumulative incidence of death other than death from circulatory disease (light gray area), cumulative
incidence of pCa (black area), 1�probability of pCa-free survival (white dashed line), and conditional probability (ie, conditioned
on the fact that a person was alive) of pCa diagnosis (gray dotted line).
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were less strongly associated with pCa risk than in a Cox
proportional hazards model. Also, the positive association
between hypertriglyceridemia and risk of pCa for men
with hyperglycemia became stronger when taking into
account competing risks.

Based on epidemiological studies, it is thought that
diabetes decreases the risk for pCa but underlying mecha-
nisms and supporting evidence remain unclear or contra-
dictory.8 Moreover, some study findings suggest that pCa
risk differs by time since diabetes diagnosis or occurrence
of metabolic aberrations associated with impaired glucose
tolerance.30 In a prospective cohort study of 47,209 men,
Darbinian et al showed that during the first 10 years of
follow-up, risk was increased among those with serum
glucose �200 mg/dL (RR, 1.42). However, an inverse
association between serum glucose and pCa risk was
observed when follow-up began 10 years after study entry
(RR, 0.87). Long-term diabetic patients that experience
reduced levels of circulating insulin may be at a reduced

risk of developing pCa,8 as experimental studies have
shown that insulin is positively associated with the growth
of normal and cancerous prostate cells. Our findings cor-
roborate the majority of epidemiological studies and show
an inverse association between glucose levels and risk of
pCa. Nevertheless, it is likely that competing risks are
overestimating these findings (see below).

Several lines of experimental and epidemiological
evidence have also indicated that lipids are involved in the
development, maintenance, and progression of pCa. Can-
cer cells overexpress key enzymes involved in lipid biosyn-
thesis and produce new lipids resulting in membrane
synthesis and tumor growth. In pCa cells, this de novo
synthesis is mainly stimulated by androgens.11 Moreover,
it is hypothesized that hormone refractory pCa is not in-
dependent of androgen-driven activity and that androgens
may be synthesized de novo in these tumors via choles-
terol and progesterone, leading to androgen-receptor acti-
vation and tumor growth.31 Finally, several observational

Figure 2. Competing risks in the age 75 cohort are shown for levels of glucose and TG: cumulative incidence of death due to cir-
culatory disease (dark gray area), cumulative incidence of death other than death from circulatory disease (light gray area), cu-
mulative incidence of pCa (black area), 1�probability of pCa-free survival (white dashed line), and conditional probability (ie,
conditioned on the fact that a person was alive) of pCa diagnosis (gray dotted line).
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studies investigating dietary habits, metabolic diseases,
and use of statins have also suggested a link between dys-
lipidemia and risk of pCa.12,32-34

The findings of the most recently published prospec-
tive cohort study on levels of TG and cancer have shown a
protective effect by quartiles of TG.15 In the AMORIS
study, we could not show such a trend by quartiles. How-
ever, stratified analyses by glucose levels and conditional
probability analyses showed that results can be misleading
when not taking into account competing risks of early death,
especially among the elderly. Stratification by levels of glu-
cose showed that hypertriglyceridemia is associated with an
increased risk of pCa but only for men with high levels of
glucose. In addition, when taking into account competing
risks for the older age group, we found even more evidence
for a positive association between hypertriglyceridemia and
risk of pCa in men with high glucose levels.

Using the same methods, we did not find strong evi-
dence for an association between TC and risk of pCa.
Only among men with high levels of glucose did a combi-
nation of hypercholesterolemia with hypertriglyceridemia
increase the risk of pCa in the AMORIS study. In the
most recent case-control study, using the same cutoffs for
hypercholesterolemia, an odds ratio of 1.29 (95%CI,
0.75-2.12) was found.13 However, the American Prostate
Cancer Prevention Trial did not find an association
between TC and pCa risk either, but they found a reduced
risk for high-grade pCa among men with low TC.35

The lack of competing risk analysis may partly
explain why results from previous studies are contradic-
tory. From our graphical representation, one can observe
that high glucose levels increase the likelihood that early
death may mask pCa risk when one does not consider the
competing risk of death as shown in the conditional prob-
ability analysis. Thus, our competing risk assessment sug-
gests an overestimation of the protective effect of high
glucose levels that has been shown in previous studies.5

A major strength of the present study was the large
number of men with prospective measurements of TG,
TC, and glucose in AMORIS, all measured at the same
clinical laboratory. The database also provided complete
follow-up for each individual, as well as linkage to other
registers allowing for detailed information on cancer diag-
nosis, time of death, and emigration. The AMORIS pop-
ulation consists of nonhospitalized individuals referred
for laboratory testing. During the study period, the all-
cause mortality was about 14% lower in the AMORIS
population than in the general population of Stockholm
county when taking age, gender, and calendar year into

account.36 This ‘‘healthy cohort effect’’ may influence the
generalizability of the results but not the internal validity,
ie, the hazard ratios given a certain level of lipids for exam-
ple. In addition, the impact on the generalizability is likely
to be minor because it has been shown that the AMORIS
cohort is similar to the general working population of
Stockholm county in terms of SES and ethnicity. How-
ever, a limitation of this study was that no data were avail-
able on other risk factors linked to metabolic diseases,
such as smoking habits, hypertension, or family history of
metabolic disease, but none of these factors have been
strongly linked to pCa risk and are, thus, unlikely to pro-
duce substantial residual confounding.37 We had no data
on obesity, but obesity is likely to be on the same causal
pathway as the factors studied and is, therefore, not a con-
founding variable in our analyses. However, lipid changes
may be an intermediate in a pathway between obesity and
risk of pCa. No information was available on medication
or diagnosis for diabetes or dyslipidemia; thus, we could
not adjust for medication and diagnosis in our analyses.
However, we caution that our study focused on the
impact of serum glucose levels rather than diabetes. More-
over, at the time of blood sampling, statins were not com-
monly used. Finally, no information was available on
tumor severity, so it was impossible to distinguish
between low-risk and aggressive disease. From the Swed-
ish National Prostate Cancer Register (NPCR), we know
that the number of men with screening-detected disease
and disease with low Gleason score increased with time,
while there were stable trends of decreasing numbers of
men with advanced disease at time of diagnosis.38 It may
be that metabolic changes are linked to a specific type of
pCa, but that cannot be estimated from the current
findings.5

CONCLUSIONS
Our findings support the hypothesis that factors of the
lipid and glucose metabolism influence the risk of devel-
oping pCa. The associations are modest, and the nature of
these associations is still unclear: changes in metabolic
components could lead to direct tumor effects or effects
related to host characteristics. From our competing risk
assessment, it can be seen that it is important to take into
account the long natural history and age distribution of
pCa when interpreting the results, as for instance, the pro-
tective effective of glucose was overestimated in the con-
ventional survival analysis. If confirmed in future studies,
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our results add yet another reason to fight the worldwide
rapidly rising prevalence of obesity and dyslipidemias.

CONFLICT OF INTEREST DISCLOSURES
This study was supported by grants from the Gunnar and
Ingmar Jungner Foundation for Laboratory Medicine (Stock-
holm), University of London Central Research Fund, Cancer
Research-UK, and the Swedish Cancer Society. The authors
would also like to thank Jennifer Walton-Gould who conducted
preliminary descriptive analysis as part of her summer internship
funded by the Wellcome Trust, United Kingdom.

REFERENCES
1. Tande AJ, Platz EA, Folsom AR. The metabolic syndrome

is associated with reduced risk of prostate cancer. Am J Epi-
demiol. 2006;164:1094-1102.

2. Lund Haheim L, Wisloff TF, Holme I, Nafstad P. Meta-
bolic syndrome predicts prostate cancer in a cohort of mid-
dle-aged Norwegian men followed for 27 years. Am J
Epidemiol. 2006;164:769-774.

3. Moradi T, Delfino RJ, Bergstrom SR, Yu ES, Adami HO,
Yuen J. Cancer risk among Scandinavian immigrants in the
US and Scandinavian residents compared with US whites,
1973-89. Eur J Cancer Prev. 1998;7:117-125.

4. . Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults. Executive Summary of
The Third Report of The National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation,
And Treatment of High Blood Cholesterol In Adults (Adult
Treatment Panel III). JAMA. 2001;285:2486-2497.

5. Hsing AW, Sakoda LC, Chua S Jr. Obesity, metabolic syn-
drome, and prostate cancer. Am J Clin Nutr. 2007;86:s843-
s857.

6. Gong Z, Neuhouser ML, Goodman PJ, et al. Obesity, dia-
betes, and risk of prostate cancer: results from the prostate
cancer prevention trial. Cancer Epidemiol Biomarkers Prev.
2006;15:1977-1983.

7. Freedland SJ, Banez LL, Sun LL, Fitzsimons NJ, Moul JW.
Obese men have higher-grade and larger tumors: an analysis
of the duke prostate center database. Prostate Cancer Pros-
tatic Dis. 2009;12:259-263.

8. Kasper JS, Giovannucci E. A meta-analysis of diabetes melli-
tus and the risk of prostate cancer. Cancer Epidemiol Bio-
markers Prev. 2006;15:2056-2062.

9. Calton BA, Chang SC, Wright ME, et al. History of diabe-
tes mellitus and subsequent prostate cancer risk in the NIH-
AARP Diet and Health Study. Cancer Causes Control.
2007;18:493-503.

10. Wang Y, Corr J, Thaler H, Tao Y, Fair W, Heston W.
Decreased growth of established human prostate LNCaP
tumors in nude mice fed a low-fat diet. J Natl Cancer Inst.
1995;4:1456-1462.

11. Swinnen JV, Heemers H, van de Sande T, et al. Androgens,
lipogenesis and prostate cancer. J Steroid Biochem Mol Biol.
2004;92:273-279.

12. Kuoppala J, Lamminpaa A, Pukkala E. Statins and cancer:
A systematic review and meta-analysis. Eur J Cancer.
2008;44:2122-2132.

13. Magura L, Blanchard R, Hope B, Beal JR, Schwartz GG,
Sahmoun AE. Hypercholesterolemia and prostate cancer: a

hospital-based case-control study. Cancer Causes Control.
2008;19:1259-1266.

14. Platz EA, Clinton SK, Giovannucci E. Association between
plasma cholesterol and prostate cancer in the PSA era. Int J
Cancer. 2008;123:1693-1698.

15. Ulmer H, Borena W, Rapp K, et al. Serum triglyceride con-
centrations and cancer risk in a large cohort study in Aus-
tria. Br J Cancer. 2009;101:1202-1206.

16. Jungner I, Marcovina SM, Walldius G, Holme I, Kolar W,
Steiner E. Apolipoprotein B and A-I values in 147576
Swedish males and females, standardized according to the
World Health Organization-International Federation of
Clinical Chemistry First International Reference Materials.
Clin Chem. 1998;44(8 pt 1):1641-1649.

17. Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W,
Steiner E. High apolipoprotein B, low apolipoprotein A-I,
and improvement in the prediction of fatal myocardial in-
farction (AMORIS study): a prospective study. Lancet.
2001;358:2026-2033.

18. Holme I, Aastveit AH, Jungner I, Walldius G. Relationships
between lipoprotein components and risk of myocardial in-
farction: age, gender and short versus longer follow-up peri-
ods in the Apolipoprotein MOrtality RISk study
(AMORIS). J Intern Med. 2008;264:30-38.

19. Holme I, Aastveit AH, Hammar N, Jungner I, Walldius G.
Relationships between lipoprotein components and risk of
ischaemic and haemorrhagic stroke in the Apolipoprotein
MOrtality RISk study (AMORIS). J Intern Med. 2009;265:
275-287.

20. Walldius G, Jungner I, Kolar W, Holme I, Steiner E. High
cholesterol and triglyceride values in Swedish males and
females: increased risk of fatal myocardial infarction. First
report from the AMORIS (Apolipoprotein related MOrtal-
ity RISk) study. Blood Press Suppl. 1992;4:35-42.

21. Statistics in the Areas of Health and Medical Care [database
on the Internet]. 2007. http://www.socialstyrelsen.se/en/Sta
tistics/Statistical_databases.htm. Accessed on February 1,
2010.

22. Central Bureau for Statistics. Statistics Sweden. Stockholm:
SCB; 2008. http://www.scb.se/. Accessed on February 1,
2010.

23. Mattsson B, Wallgren A. Completeness of the Swedish
Cancer Register. Non-notified cancer cases recorded on
death certificates in 1978. Acta Radiol Oncol. 1984;23:305-
313.

24. The Swedish Cancer Registry [database on the Internet].
2008. http://www.socialstyrelsen.se/en/Statistics/statsbysub
ject/CancerþRegistry.htm. Accessed on February 1, 2010.

25. Jungner I, Walldius G, Holme I, Kolar W, Steiner E. Apoli-
poprotein B and A-I in relation to serum cholesterol and tri-
glycerides in 43,000 Swedish males and females. Int J Clin
Lab Res. 1992;21:247-255.

26. Pintilie M. Competing Risks: A Practical Perspective.Chi-
chester, England: John Wiley; 2006.

27. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome–a
new worldwide definition. Lancet. 2005;366:1059-1062.

28. Kalbfleisch J, Prentice R. The Statistical Analysis of Failure
Time Data. Hoboken, NJ: John Wiley; 2002.

29. Ahn J, Lim U, Weinstein SJ, Schatzkin A, Hayes RB, Vir-
tamo J, et al. Prediagnostic total and high-density lipopro-
tein cholesterol and risk of cancer. Cancer Epidemiol
Biomarkers Prev. 2009;18:2814-2821.

Original Article

2094 Cancer May 15, 2011



30. Pierce BL, Plymate S, Ostrander EA, Stanford JL. Diabetes
mellitus and prostate cancer risk. Prostate. 2008;68:1126-
1132.

31. Locke JA, Guns ES, Lubik AA, et al. Androgen levels
increase by intratumoral de novo steroidogenesis during pro-
gression of castration-resistant prostate cancer. Cancer Res.
2008;68:6407-6415.

32. Park SY, Murphy SP, Wilkens LR, Henderson BE, Kolonel
LN. Fat and meat intake and prostate cancer risk: the multi-
ethnic cohort study. Int J Cancer. 2007;121:1339-1345.

33. Bravi F, Scotti L, Bosetti C, et al. Self-reported history of
hypercholesterolaemia and gallstones and the risk of prostate
cancer. Ann Oncol. 2006;17:1014-1017.

34. Wuermli L, Joerger M, Henz S, et al. Hypertriglyceridemia
as a possible risk factor for prostate cancer. Prostate Cancer
Prostatic Dis. 2005;8:316-320.

35. Platz EA, Till C, Goodman PJ, et al. Men with low serum
cholesterol have a lower risk of high-grade prostate cancer in

the placebo arm of the prostate cancer prevention trial. Can-
cer Epidemiol Biomarkers Prev. 2009;18:2807-2813.

36. Holzmann M, Jungner I, Walldius G, Ivert I, Nordqvist T,
Ostergren J. Apolipoproteins B and A-I, standard lipid
measures and incidence of myocardial infarction in men and
women, with or without chronic kidney disease. Study IV
in thesis for doctorial degree (PhD). In: Holzmann M, ed.
Renal Insufficiency, Mortality and Myocardial Infarction.
Stockholm, Sweden: Karolinska Institutet; 2008.

37. Giovannucci E, Rimm EB, Ascherio A, et al. Smoking and
risk of total and fatal prostate cancer in United States health
professionals. Cancer Epidemiol Biomarkers Prev. 1999;8(4
pt 1):277-282.

38. Varenhorst E, Garmo H, Holmberg L, et al. The National
Prostate Cancer Register in Sweden 1998-2002: trends in
incidence, treatment and survival. Scand J Urol Nephrol.
2005;39:117-123.

Metabolic Changes and Prostate Cancer/Van Hemelrijck et al

Cancer May 15, 2011 2095


