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Abstract

Objective To examine the prognostic role of serum uric

acid (SUA) for cancer mortality in apparently healthy men

across a wide age range.

Methods Prospective data from a large cohort of 83,683

male Austrian adults with a median follow-up of 13.6 years

was analyzed. Cox proportional hazards models, adjusted

for established risk factors, were calculated to evaluate

SUA as a predictive marker for fatal cancer events.

Results High SUA (>6.71 mg/dl) was independently

associated with increased risk of mortality from all cancers,

showing a clear dose–response relationship (p for trend <

0.0001); the adjusted hazard ratio for the highest versus

lowest quintile of SUA was 1.41 (1.22–1.62). In subgroup

analyses this hazard ratio increased to 1.53 (1.29–1.80) for

participants aged <65 years. When considering the time

interval between baseline SUA measurement and sub-

sequent death, SUA levels were more predictive for ‘‘late

deaths’’, occurring 10 or more years after screening (HR 1.65

[1.35–2.03], p < 0.0001), in comparison to deaths within

10 years after SUA measurement. In cancer site-specific

analyses, SUA was significantly associated with deaths from

malignant neoplasms of digestive organs (p = 0.03) and

respiratory system and intrathoracic organs (p < 0.0001).

Elevated SUA was further independently related to an

increased risk of all-cause mortality (p < 0.0001).

Conclusions Our results are contrary to the proposed

antioxidant, inhibitory effect of SUA against cancer and

rather suggest high SUA to be a valuable long-term sur-

rogate parameter, indicative for a life-style at increased risk

for the development of cancer.

Keywords Cancer mortality � Serum uric acid �
Risk factor � Epidemiology

Introduction

Although recent studies have sparked interest in elevated

serum uric acid (SUA) as a predictor for cardiovascular and

total mortality in general populations [1–7], there is little

evidence regarding the prognostic importance of SUA for

cancer. It has been suggested that the antioxidant properties

of uric acid may play an important role in cancer etiology

by preventing formation of oxygen radicals, thereby pro-

tecting against carcinogenesis [8, 9]. However, few epi-

demiological investigations have addressed this association

and previous findings are inconsistent. While single studies

could demonstrate an inverse, though statistically non-

significant relationship between SUA and cancer mortality
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in middle-aged men [10], partly supporting the assumed

antioxidant properties and protective effect of SUA on

cancer, other studies found SUA concentrations to be

entirely unrelated to cancer incidence and/or cancer mor-

tality after adjusting for potential confounding [11–15]. On

the other hand, outright contradictory evidence in turn

suggests a positive association between SUA and fatal

cancer risk, indicating that elevated SUA may rather be

considered as a risk factor for cancer mortality in general

populations [1, 16, 17]. In line with this, it has recently

been reported, that high levels of SUA were significantly

associated with shorter survival times in terminally ill

cancer patients [18]. To further evaluate these associations,

in the present study, we prospectively examined the rela-

tion of SUA to risk of fatal cancer events and all-cause

mortality in a large cohort of 83,683 apparently healthy

male Austrian adults across a wide age range.

Materials and methods

Study population

The Vorarlberg Health Monitoring and Promotion Program

(VHM&PP) [19–21] is a prospective, multicenter, popu-

lation-based risk factor surveillance program, located in

Vorarlberg, the westernmost province of Austria. It is

routinely performed by the Agency for Social- and Pre-

ventive Medicine and basically addresses all adults of the

entire province. Participation in the health examination is

voluntary and conducted in a standardized manner by

trained local physicians and internists only. The program

routinely includes the recording of socio-demographic

data, a physical examination with a fasting blood sample,

and consultation with a physician. Costs are covered by the

participant’s (compulsory) health insurance. All adults of

the regions were invited to participate by a combination of

different measures such as written invitations, television,

radio, and newspaper reports. From the outset in 1985,

approximately two-thirds of the adult population of the

province has participated in the program, whereby partic-

ipation is highest between the ages of 25 and 54 years. A

more detailed description of the program methodology has

been reported elsewhere [19–21]. For this study, institu-

tional review board approval was obtained by the Ethics

Committee of the province of Vorarlberg.

Between 1985 and 2005, a total of 85,035 male adult

Vorarlberg residents (age >18 years) were enrolled in the

VHM&PP cohort. Relative to the population numbers

measured at the national Census in 1991 (Statistik Austria),

nearly 74% of all resident men in the province underwent

at least one examination during the study period. The vast

majority of study participants were of Austrian origin,

though migrant workers were also included. However, the

proportion of participants of non-Austrian origin is less

than 10%. All participants signed informed consents to

have personal data stored and processed.

The current investigation was restricted to 83,683 par-

ticipants with complete and valid data on SUA at enrol-

ment. For this reason, 1,352 participants (1.6%) were

excluded from the present study. For the main analyses, we

further excluded participants with follow-up periods

<2 years (n = 4,954), as we considered it unlikely that

SUA may have a predictive role in fatal cancer events or

all-cause mortality within such a short period of time.

Thus, participants deceasing from all-cause or fatal cancer

events within the first 2 years after baseline SUA mea-

surement were also excluded from the main analyses.

Measurements

Measurements of height, weight, blood pressure, total

cholesterol, triglycerides, blood glucose, gamma-glutam-

yltransferase (GGT), SUA, and smoking status (current,

former, never) routinely were obtained for each participant.

Individuals who reported smoking of at least one cigarette

per day during the year before examination were classified

as current smokers. Occupational status (blue collar, white

collar, or self-employed) was determined by the insurance

number of participants and was included in the models as a

surrogate measure of socio-economic status. Participants

who were retired at baseline were classified according to

their former occupation.

Two central laboratories that underwent regular internal

and external quality procedures enzymatically determined

total cholesterol, triglycerides, GGT, and blood glucose

and performed SUA measurements on fasting blood sam-

ples. Within 60–240 min, the blood was centrifuged for

15 min at 4,000 rotations per minute. Subsequently, uric

acid concentration of all samples was determined imme-

diately on a RXL (DADE). In order to check calibration,

three daily control samples were included. If average val-

ues of the control samples of each run were not within 3%

of the true value, the run was repeated. Day-by-day vari-

ation had to be within 5%. Consequently, subjects were

classified according to quintiles of SUA distribution with

cut-off values ranging from 4.60 (lowest quintile), 5.30,

5.90, 6.70 to >6.70 mg/dl (highest quintile).

End points

By the end of 2005, a total of 7,243 deaths were recorded in

our database, of which 2,425 (33.5%) were cancer related

deaths. Date and cause of death information was provided
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by the local health authority and was linked in the database

with the use of a validated procedure. All deaths were

identified from death certificates that were confirmed by

authorized physicians only. In case of unclear causes of

death, autopsies were performed. For analyses, cancer

deaths were grouped into the following subgroups according

to the International Classification of Diseases, 9th and 10th

Revision (ICD-9, ICD-10): Malignant neoplasms of diges-

tive organs (ICD-9 150–157; ICD-10 C15–C25), malignant

neoplasms of respiratory system and intrathoracic organs

(ICD-9 160–165; ICD-10 C30–C39), malignant neoplasms

of bone, connective tissue, soft tissue, and skin (ICD-9 170–

173; ICD-10 C40–C49), malignant neoplasms of male

genital organs (ICD-9 185–187; ICD-10 C60–C63), malig-

nant neoplasms of urinary organs (ICD-9 188–189; ICD-10

C64–68), malignant neoplasms of nervous system and

unspecified sites (ICD-9 190–199; ICD-10 C69–C72), and

malignant neoplasms of lymphoid, hematopoietic, and

related tissue (ICD-9 200–208; ICD-10 C81–C96).

Statistical analyses

Cox proportional hazards models, adjusted for age, body-

mass index, systolic and diastolic blood pressure, total

cholesterol, triglycerides, gamma-glutamyltransferase

(GGT), blood glucose, smoking status, occupational status,

and year of examination were used to compute hazard ratios

with 95% confidence intervals for the association of SUA

with all-cause mortality. To utilize parametric analytical

techniques GGT and triglycerides were logarithmically

transformed. To evaluate SUA as a risk factor for cancer

mortality, Cox proportional hazards models, adjusted for

age, body mass index, blood glucose, smoking status,

occupational status, and year of examination were calcu-

lated. Subgroup analyses for (1) site-specific cancer deaths,

(2) specific age groups, (3) non-smokers, and (4) according

to time intervals between screening and subsequent mor-

tality were performed with the same Cox models. Signifi-

cance testing of age as an effect modifier for the relation

between SUA, fatal cancer, and all-cause mortality was

done through the assessment of interaction terms in the

models. The proportional hazards assumption was checked

and found to be fulfilled for all models. In order to assess

possible dose–response relationships between SUA levels

and fatal cancer events and all-cause mortality, trends

across quintiles of SUA were tested using the median SUA

level for each quintile as an ordinal variable. Probability

values <0.05 were considered to indicate statistical signif-

icance. All statistical analyses were performed using SPSS

14.0 (Chicago, Illinois).

Results

Characteristics of study population

Demographic and clinical characteristics of the total study

population are shown in Table 1. The cohort consisted of

83,683 apparently healthy male Austrian adults with

complete and valid data on SUA, which were prospectively

followed-up for a median of 13.6 years, with a total time at

risk of 1.04 million person-years. The vast majority of

participants (94.1%) were followed-up for at least two

years after baseline SUA measurement and 64.1% had

follow-up times of 10 or more years. Mean age at study

Table 1 Characteristics of

study population at baseline

BMI indicates body-mass index,

GGT indicates gamma

glutamyltransferase

All male VHM&PP participants 1985–2005—no. 85,035

Eligible participants with valid SUA measurement—no. 83,683

Age, mean ± SD (range) (y) 41.6 ± 14.7 (18–96)

BMI, mean ± SD (median), (kg/m2) 25.3 ± 3.6 (24.9)

Glucose, mean ± SD (median) (mg/dl) 89.8 ± 24.2 (87.0)

Serum uric acid, mean ± SD (median) (mg/dl) 5.7 ± 1.3 (5.6)

Triglycerides, mean ± SD (median) (mg/dl) 150.2 ± 106.3 (120.0)

Total cholesterol, mean ± SD (median) (mg/dl) 216.5 ± 47.7 (213.0)

GGT, mean ± SD (median) (U/l) 24.4 ± 34.6 (16.0)

Systolic blood pressure, mean ± SD (median) (mm Hg) 132.0 ± 18.8 (130.0)

Diastolic blood pressure, mean ± SD (median) (mm Hg) 81.6 ± 10.8 (80.0)

Current cigarette smoking—no. (%) 25,163 (29.6)

Total mortality—no. (%) 7,243 (8.7)

Cancer deaths—no. (%) 2,425 (2.9)

Cardiovascular/cerebrovascular deaths—no. (%) 3,007 (3.6)

Other cause—no. (%) 1,811 (2.2)

Follow-up, mean ± SD (median) (y) 12.4 ± 6.2 (13.6)

Person years at risk 1,038,070
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entry was 41.6 years. Total mortality was 8.7%, and cancer

mortality corresponded to 2.9%. SUA concentrations were

approximately normally distributed, ranging from 1.1 mg/

dl to 18.0 mg/dl with a mean ± SD of 5.7 ± 1.3 mg/dl.

Association of SUA with fatal cancer events and all-

cause mortality

The relationship between baseline SUA levels and sub-

sequent cancer death and all-cause mortality, in study

participants with at least two years of follow-up, is shown

in Table 2 and Fig. 1. In Cox proportional hazards models,

adjusted for age, body-mass index, systolic and diastolic

blood pressure, total cholesterol, smoking status, and

occupational status, high SUA levels were significantly

associated with increased risk of all-cause mortality (p for

trend <0.0001); the hazard ratio (95% CI) for the highest

versus lowest quintile of SUA was 1.35 (1.25–1.46). After

additional adjustment for triglycerides, GGT, blood glu-

cose, and year of examination, this hazard ratio was

attenuated to 1.23 (1.13–1.33), but remained stable in terms

of statistical significance (p for trend < 0.0001). In Cox

proportional hazards models, adjusted for age, body-mass

index, blood glucose, smoking status, occupational status

and year of examination, high SUA levels were positively

related to risk of total cancer mortality (p for trend <

0.0001), showing a clear dose–response relationship; the

hazard ratio (95% CI) for the highest versus lowest quintile

of SUA was 1.41 (1.22–1.62). In cancer site-specific anal-

yses, high SUA levels were independently related to mor-

tality from malignant neoplasms of digestive organs

(p = 0.03), malignant neoplasms of the respiratory system

and intrathoracic organs (p < 0.0001) and malignant neo-

plasms of the nervous system and unspecified sites

(p = 0.03); the adjusted hazard ratios for the highest versus

lowest quintile of SUA were 1.44 (1.11–1.88), 1.56 (1.22–

1.98), and 1.50 (0.82–2.75), respectively. However, SUA

was not significantly related to mortality from other site-

specific cancers. Figure 2 displays adjusted cumulative

incidences of all fatal cancer events in participants with at

least two years of follow-up, according to quintiles of SUA.

In our cohort, age of participants proved to be a sig-

nificant effect modifier for the relation of SUA to cancer

mortality (p < 0.01). To eliminate possible effects of very

old participants, we excluded subjects aged >75 years for a

subgroup analysis. However, all associations that were

statistically significant in the main analysis remained

unchanged in terms of statistical significance when reana-

lyzed. Additionally, hazard ratios for the association of

SUA with total cancer mortality, deaths from malignant

neoplasms of digestive organs and deaths from malignant

neoplasms of the respiratory system and intrathoracic

organs even slightly increased after exclusion of partici-

pants aged >75 years (data not shown). After stratifying

participants into age groups according to a cut-off value of

65 years for a second subgroup analysis, the initial

observed significant association of SUA levels and total

cancer mortality almost entirely disappeared in participants

aged >65 years (HR 1.24 [0.97–1.60], p for trend 0.11).

However, in subjects aged � 65 years, positive associa-

tions of SUA levels with risk of total cancer mortality,

deaths from malignant neoplasms of digestive organs and

deaths from malignant neoplasms of the respiratory system

and intrathoracic organs proved to be markedly stronger in

respect to the results of the main analyses, with hazard

ratios for the highest versus lowest quintile of SUA

increasing to 1.53 (1.29–1.80), 1.75 (1.27–2.41), and 1.55

(1.18–2.04), respectively (p for trend all <0.001).

Concerning stratified analyses in (1) non-smokers at

examination and (2) never smokers, we found the associ-

ation of SUA with all fatal cancer events and all-cause

mortality to be stable in terms of hazard ratios and statis-

tical significance in comparison to the results of the main

analyses, including all participants with at least two years

of follow-up. Anyhow, in cancer site-specific analyses, the

initial observed significant association of SUA with deaths

from malignant neoplasms of digestive organs was atten-

uated to borderline significance in non-smokers (HR for the

highest versus lowest quintile of SUA 1.41 [1.05–1.90], p

for trend 0.054) and to a non-significant level in never

smokers (HR 1.32 [0.94–1.84] p = 0.25), but increased for

deaths from malignant neoplasms of respiratory system and

intrathoracic organs, both in non- and never smokers (HR

1.82 [1.28–2.59] and 1.99 [1.33–2.96], respectively, p for

trend both <0.0001).

To investigate possible effects of preclinical disease at

time of baseline SUA measurement, likely to confound our

results [12, 16, 22–24], we classified all 7,243 cancer or all-

cause deaths according to their time of incidence, into

those occurring less than 10 years after screening (‘‘early

deaths’’) and those occurring more than 10 years after

screening (‘‘late deaths’’). We found the association

between SUA and risk of all-cause mortality to be stable

for both groups, although slightly more pronounced in

‘‘late deaths’’. Regarding associations of SUA with total

cancer mortality, deaths from malignant neoplasms of

digestive organs and deaths from malignant neoplasms of

the respiratory system and intrathoracic organs, we

observed a much stronger relationship, with markedly

increased hazard ratios in ‘‘late deaths’’, in comparison to

those occurring within 10 years after screening (Table 3).

When using a cut-off value of 15 years instead of 10 years,

this effect was even more pronounced; concerning the

association of SUA levels and total cancer mortality in

patients aged <65 years, we found a hazard ratio for the
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highest versus lowest quintile of SUA equaling to 1.96

(1.36–2.80, p for trend <0.0001) for deaths occurring after

15 years after baseline SUA measurement.

Discussion

The aim of the present, prospective, long-term study,

involving 83,683 predominantly healthy, white, male

Austrian adults across a wide age range, was to assess the

association between antecedent SUA levels and risk of

subsequent fatal cancer events and all-cause mortality.

After adjustment for important confounding factors, we

found SUA levels to be significantly related to all-cause

mortality and male individuals with baseline SUA values

>6.71 mg/dl to have about a 40% greater risk for cancer

mortality in comparison to male individuals with SUA

Table 2 All-cause and cancer mortality according to quintiles of SUA in participants with at least two years of follow-up, VHM&PP 1985–

2005a

Serum uric acid (SUA)

1 (� 4.60 mg/dl)

(n = 16,207)

2 (4.61–5.30 mg/dl)

(n = 16,802)

3 (5.31–5.90 mg/dl)

(n = 15,372)

4 (5.91–6.70 mg/dl)

(n = 15,636)

5 (� 6.71 mg/dl)

(n = 14,712)

p for

trend

All-cause mortality

Fatal events—no. (%) 1,274 (7.9) 1,202 (7.2) 1,175 (7.6) 1,332 (8.5) 1,713 (11.6)

HR 1 (95% CI)b 1.00 (Ref) 0.98 (0.91–1.06) 1.07 (0.99–1.16) 1.13 (1.05–1.23) 1.35 (1.25–1.46) <0.0001

HR 2 (95% CI)c 1.00 (Ref) 0.97 (0.90–1.06) 1.06 (0.98–1.16) 1.09 (1.00–1.18) 1.23 (1.13–1.33) <0.0001

Total cancer mortality

Fatal events—no. (%) 399 (2.5) 431 (2.6) 420 (2.7) 461 (2.9) 542 (3.7)

HR (95% CI)d 1.00 (Ref) 1.13 (0.98–1.30) 1.24 (1.07–1.43) 1.28 (1.11–1.47) 1.41 (1.22–1.62) <0.0001

Subgroups

Malignant neoplasms of digestive organs

Fatal events—no. (%) 109 (0.7) 139 (0.8) 132 (0.9) 132 (0.8) 168 (1.1)

HR (95% CI)d 1.00 (Ref) 1.34 (1.03–1.75) 1.40 (1.07–1.83) 1.28 (0.98–1.67) 1.44 (1.11–1.88) 0.03

Malignant neoplasms of respiratory system and intrathoracic organs

Fatal events—no. (%) 126 (0.8) 126 (0.7) 118 (0.8) 141 (0.9) 175 (1.2)

HR (95% CI)d 1.00 (Ref) 1.05 (0.81–1.35) 1.14 (0.88–1.48) 1.28 (1.00–1.64) 1.56 (1.22–1.98) <0.0001

Malignant neoplasms of bone, connective tissue, soft tissue, and skin

Fatal events—no. (%) 14 (0.1) 21 (0.1) 13 (0.1) 16 (0.1) 13 (0.1)

HR (95% CI)d 1.00 (Ref) 1.34 (0.67–2.67) 0.94 (0.43–2.05) 1.09 (0.52–2.28) 0.84 (0.38–1.87) 0.51

Malignant neoplasms of male genital organs

Fatal events—no. (%) 48 (0.3) 49 (0.3) 60 (0.4) 65 (0.4) 60 (0.4)

HR (95% CI)d 1.00 (Ref) 1.05 (0.70–1.58) 1.43 (0.97–2.11) 1.48 (1.01–2.18) 1.16 (0.77–1.73) 0.26

Malignant neoplasms of urinary organs

Fatal events—no. (%) 28 (0.2) 27 (0.2) 29 (0.2) 32 (0.2) 33 (0.2)

HR (95% CI)d 1.00 (Ref) 0.95 (0.54–1.65) 1.25 (0.73–2.14) 1.32 (0.78–2.23) 1.26 (0.74–2.16) 0.23

Malignant neoplasms of nervous system and unspecified sites

Fatal events—no. (%) 20 (0.1) 13 (0.1) 22 (0.1) 28 (0.2) 28 (0.2)

HR (95% CI)d 1.00 (Ref) 0.63 (0.31–1.30) 1.16 (0.62–2.18) 1.52 (0.84–2.75) 1.50 (0.82–2.75) 0.03

Malignant neoplasms of lymphoid, hematopoietic, and related tissue

Fatal events—no. (%) 34 (0.2) 37 (0.2) 29 (0.2) 30 (0.2) 39 (0.3)

HR (95% CI)d 1.00 (Ref) 1.19 (0.74–1.93) 1.08 (0.65–1.80) 0.90 (0.53–1.53) 1.14 (0.69–1.89) 0.92

a Study participants deceasing from all-cause or fatal cancer events within the first two years after baseline SUA measurement or with follow-up

periods <2 years were excluded from the main analyses
b Hazard ratios (95% confidence intervals) from Cox proportional hazards models adjusted for age, body-mass index, systolic and diastolic blood

pressure, total cholesterol, smoking status, and occupational status
c Hazard ratios (95% confidence intervals) from Cox proportional hazards models adjusted for age, body-mass index, systolic and diastolic blood

pressure, total cholesterol, smoking status, occupational status, triglycerides, gamma glutamyltransferase (GGT), blood glucose, and year of

examination. Triglycerides and GGT were logarithmically transformed
d Hazard ratios (95% confidence intervals) from Cox proportional hazards models adjusted for age, body-mass index, blood glucose, smoking

status, occupational status, and year of examination
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concentrations � 4.60 mg/dl. This risk increased to more

than 50% for participants aged <65 years at screening, to

65% for cancer deaths occurring after 10 years after

screening and to more than 95% for cancer deaths occur-

ring after 15 years after baseline SUA measurement in

participants aged <65 years at screening. In cancer site-

specific analyses, SUA levels were positively related to risk

of death from malignant neoplasms of digestive organs and

malignant neoplasms of the respiratory system and intra-

thoracic organs.

Our results are in accordance with those from a large

Swedish cohort of 7,700 middle-aged men, from where

Petersson and Trell [16, 17] reported a significant positive

correlation between raised SUA and total mortality that

was wholly explained by neoplastic deaths. However, this

relationship was confined to deaths occurring within the

first 2.5 years after baseline SUA measurement and could

thus have been due to effects of cancer on SUA levels

rather than vice versa. Similarly, Kolonel and colleagues

[12] found a positive association between baseline SUA

levels and subsequent development of prostate cancer in a

large cohort of Japanese men in Hawaii, with an age-

adjusted relative risk (RR) for the highest versus lowest

quartile of SUA equaling to 1.5 (95% CI: 1.1–2.1, p for

trend 0.04). When considering the time interval from

examination to diagnosis, this association was strongest for

cases diagnosed in the first 10 years (RR 1.6, p = 0.02),

was attenuated after 15 years (RR 1.5, p = 0.08), and

entirely disappeared after 20 years (RR 0.9, p = 0.75).

Levine and colleagues [1], from a female cohort, reported

an independent, positive association of SUA levels with

total cancer mortality among participants aged 55–64 (RR

per 1.0 mg/dl SUA increase 1.31 [1.09–1.57]), persisting

also after additional adjustment for multiple risk factors.

However, the authors found no increase in cancer mortality

in those in the highest uric acid stratum for younger age

groups. For women aged 55–64 years at entry, mean levels

of baseline SUA were higher for decedents from cancer of

almost every primary site, compared to the mean level of

survivors. Altogether, previous findings, in accordance

with our data, suggest that an inhibitory effect of high SUA
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Fig. 1 Hazard ratios with 95% CIs for the association of SUA with

all-cause mortality from Cox proportional hazards models adjusted

for age, body-mass index, systolic and diastolic blood pressure, total

cholesterol, smoking status, and occupational status and the associ-

ation of SUA with total cancer mortality, deaths from malignant

neoplasms of digestive organs, and deaths from malignant neoplasms

of respiratory system and intrathoracic organs from Cox proportional

hazards models adjusted for age, body-mass index, blood glucose,

smoking status, occupational status, and year of examination. Boxes

present consecutive quintiles of SUA. Study participants deceasing

from all-cause or fatal cancer events within the first two years after

baseline SUA measurement or with follow-up periods <2 years were

excluded
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levels on carcinogenesis cannot be demonstrated in epi-

demiological investigations.

It is well known that markedly elevated levels of SUA

were frequently observed in cancer patients and have been

attributed to the malignant process itself, resulting from the

increased nucleic acid turnover in the rapidly proliferating

tumor tissue [22–24]. In addition, secondary hyperurice-

mias are frequently seen in malignancies with increased

cell turnover like myeloproliferative or lymphoprolifera-

tive disorders or other highly proliferating tumors and in

patients with a high tumor burden. Furthermore, hyper-

uricemia is a symptom, which indicates a tumor lysis

syndrome [25]. In consideration of these facts, we explic-

itly considered the possibility that SUA levels may be

altered by pre-existing subclinical disease (i.e., cancer

morbidity) at time of SUA measurement. Therefore, we

Table 3 All-cause and cancer mortality according to quintiles of SUA and time of occurrence, VHM&PP 1985–2005

Serum uric acid (SUA)

1 (� 4.60 mg/dl)

(n = 17,121)

2 (4.61–5.30 mg/

dl) (n = 17,942)

3 (5.31–5.90 mg/

dl) (n = 16,356)

4 (5.91–6.70 mg/

dl) (n = 16,626)

5 (� 6.71 mg/

dl) (n = 15,638)

p for

trend

‘‘EARLY DEATHS’’ within 10 years after screening

All-cause mortalitya 1.00 (Ref) 0.91 (0.82–1.02) 0.98 (0.87–1.09) 1.02 (0.92–1.14) 1.20 (1.08–1.33) <0.0001

Cancer mortalityb 1.00 (Ref) 0.98 (0.81–1.17) 1.02 (0.84–1.23) 1.10 (0.92–1.32) 1.23 (1.03–1.47) 0.01

Malignant neoplasms of digestive

organsb

1.00 (Ref) 1.08 (0.77–1.51) 1.17 (0.84–1.64) 0.92 (0.65–1.30) 1.21 (0.88–1.67) 0.42

Malignant neoplasms of respiratory

system and intrathoracic organsb

1.00 (Ref) 1.03 (0.75–1.43) 1.04 (0.74–1.48) 1.27 (0.92–1.74) 1.37 (1.00–1.87) 0.02

Malignant neoplasms of bone,

connective tissue, soft tissue,

and skinb

1.00 (Ref) 0.80 (0.33–1.94) 0.49 (0.17–1.42) 0.63 (0.24–1.64) 0.85 (0.35–2.08) 0.68

Malignant neoplasms of male

genital organsb

1.00 (Ref) 0.86 (0.48–1.55) 1.00 (0.56–1.78) 1.10 (0.63–1.92) 0.97 (0.55–1.70) 0.84

Malignant neoplasms of urinary

organsb

1.00 (Ref) 0.98 (0.47–2.04) 0.85 (0.39–1.87) 1.37 (0.69–2.73) 1.02 (0.49–2.14) 0.68

Malignant neoplasms of nervous

system and unspecified sitesb

1.00 (Ref) 0.67 (0.27–1.64) 1.19 (0.54–2.63) 1.28 (0.60–2.77) 1.71 (0.82–3.57) 0.04

Malignant neoplasms of lypmphoid,

hematopoietic, and related

tissueb

1.00 (Ref) 0.71 (0.36–1.40) 0.81 (0.41–1.60) 1.26 (0.69–2.30) 1.08 (0.57–2.03) 0.39

‘‘LATE DEATHS’’ after 10 or more years after screening

All-cause mortalitya 1.00 (Ref) 1.06 (0.95–1.19) 1.15 (1.02–1.29) 1.14 (1.02–1.28) 1.30 (1.16–1.46) <0.0001

Cancer mortalityb 1.00 (Ref) 1.35 (1.10–1.65) 1.48 (1.20–1.81) 1.49 (1.21–1.83) 1.65 (1.35–2.03) <0.0001

Malignant neoplasms of digestive

organsb

1.00 (Ref) 1.70 (1.14–2.53) 1.78 (1.19–2.66) 1.91 (1.28–2.83) 1.80 (1.21–2.70) 0.01

Malignant neoplasms of respiratory

system and intrathoracic

organsb

1.00 (Ref) 1.18 (0.82–1.69) 1.23 (0.85–1.78) 1.27 (0.88–1.83) 1.79 (1.26–2.54) 0.001

Malignant neoplasms of bone,

connective tissue, soft tissue,

and skinb

1.00 (Ref) 4.04 (1.14–14.35) 2.69 (0.69–10.46) 3.64 (0.99–13.39) 1.85 (0.43–7.95) 0.73

Malignant neoplasms of male

genital organsb

1.00 (Ref) 1.10 (0.64–1.89) 1.65 (0.99–2.76) 1.66 (0.99–2.76) 1.19 (0.68–2.07) 0.30

Malignant neoplasms of urinary

organsb

1.00 (Ref) 0.93 (0.41–2.11) 1.64 (0.78–3.45) 1.22 (0.56–2.67) 1.44 (0.67–3.09) 0.29

Malignant neoplasms of nervous

system and unspecified sitesb

1.00 (Ref) 0.78 (0.29–2.11) 1.01 (0.39–2.63) 1.67 (0.71–3.91) 1.35 (0.54–3.36) 0.22

Malignant neoplasms of lymphoid,

hematopoietic, and related

tissueb

1.00 (Ref) 1.98 (0.96–4.09) 1.53 (0.70–3.34) 0.37 (0.12–1.18) 1.60 (0.74–3.48) 0.93

a Hazard ratios (95% confidence intervals) from Cox proportional hazards models adjusted for age, body-mass index, systolic and diastolic blood

pressure, total cholesterol, smoking status, occupational status, triglycerides, gamma glutamyltransferase (GGT), blood glucose, and year of

examination. Triglycerides and GGT were logarithmically transformed
b Hazard ratios (95% confidence intervals) from Cox proportional hazards models adjusted for age, body-mass index, blood glucose, smoking

status, occupational status, and year of examination
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excluded fatal cancer events within the first two years after

baseline SUA screening and additionally conducted lag

analyses, although we were unable to directly adjust for

confounders of early all-cause death and cancer mortality,

including family history, or stage of cancer at diagnosis in

our models. As the prognostic power of SUA levels on

subsequent total cancer mortality increased with the

implementation of considerable long time intervals

between screening and subsequent death (i.e., 10 and

15 years), it seems unlikely however, that our results are

attributable exclusively to this effect. On the other hand,

given a lack of any biological explanation from in vitro or

animal studies, it would be merely speculative to assume a

single SUA measurement that is influenced by various

metabolic, physiologic, and environmental factors, to be

causally and directly related to death from cancer after 10

or more years, even though measurement of SUA is a

routine procedure with repeatable results in clinical labo-

ratories and short-term fluctuations in individuals being

non-significant and without age-specific or diurnal pattern

[12, 26].

If SUA is not a tumor specific marker or independent

risk factor, could there be an alternative explanation why

SUA levels are correlated with increased cancer risk? Uric

acid is the main end product of metabolism of purines,

which in turn are derived mostly from diet, and increases

especially with higher red meat intake. Reasons for a

secondary hyperuricemia due to increased purine biosyn-

thesis and/or urate production are multiple and include

obesity, excessive dietary purine ingestion, diabetic ke-

toacidosis, Vitamin B12 deficiency, ethanol, and chronic

renal insufficiency [27]. Data from NHANES suggested

that higher levels of meat and sea food consumption were

associated with hyperuricemia and that dairy consumption

was inversely correlated with higher levels of uric acid

[28]. Additionally, fruits and high intakes of vegetables

protein diet were reported to reduce SUA [29]. In our

cohort, diet was not recorded during baseline screening and

thus, could possibly explain differences in SUA levels

among the study population. Additionally, alcohol con-

sumption, use of diuretics and other causes of high SUA,

including increased endogenous production of urate,

decreased excretion of monosodium urate by the kidneys,

or decreasing renal function were not directly adjusted for

in our models. Although our cohort consisted of an

apparently healthy population, rather than a sick hospital

sample, impaired renal function is common in CVD

patients and is a co-determining factor of SUA. Since

creatinine or other measures of renal function were not

routinely determined in all participants of this study, we

were unable to directly adjust for these parameters in the

main analyses. However, we checked cross-sectional cor-

relations of SUA with serum creatinine in a subgroup of

838 participants that underwent more detailed examination

and only found a weak age-adjusted correlation coefficient

of SUA with creatinine of r = 0.13 that was further

diminished to 0.11, after additional adjustment for con-

founding factors. A separate analysis in hypertensive study

participants did not reveal substantial changes, indicating a

small or negligible effect of diuretics use on the relation-

ship of SUA and cancer mortality in our cohort.

Based on the findings that (1) positive associations of

SUA and cancer mortality were strongest for fatal cancer

events occurring 10 or more years after screening and (2)

those aged >65 years were fairly ‘‘immune’’ from the

prediction of SUA for cancer mortality, we hypothesize

that elevated SUA acts as a valuable, long-term, surrogate

parameter, indicative for a life-style which is at increased

risk for the development of cancer, but does not function as

an independent risk factor or even carcinogenic substance

by itself. The latter finding however, may also be co-

explained through a survivor or attrition effect with those at

highest risk succumbing and not being able to participate in

a health examination program any more. Our hypothesis is

in accordance with recent findings from Jee and colleagues

[14], who, based on a large cohort of more than 22,000

Korean men across a wide age range, reported that SUA is

not an independent risk factor for death from cancer or all-

causes per se, after having controlled for multiple risk

factors in multivariate analyses. Additionally, recent work

of Mai and colleagues [30] showed that adverse dietary

patterns were specifically associated with mortality from

cancer of the lung and digestive organs, underlining the

importance of lifestyle factors in the development of lung

cancer. Exactly in line with this finding, in our analyses,

respiratory cancers were the only type of cancers, consis-

tently associated in a clear dose–response manner with

higher uric acid at baseline, fairly independent of cigarette

smoking.

Previous publications proposed antioxidant properties

and an inhibitory effect of SUA on carcinogenesis [8, 9]. In

contrast, the results of our study rather indicate that in

general populations, this antioxidant impact of SUA is

either non-existent, of no clinical relevance, or outbalanced

by an unhealthy life-style, leading to secondary elevated

SUA. As SUA is a reliable and easy-to-obtain clinical

parameter, it may feasibly be used as a valuable long-term

surrogate marker, indicative for a life-style at increased

risk for the development of cancer. Based on our findings,

we recommend measurement of SUA in order to initiate

and subsequently monitor life-style modifications for pri-

mary cancer prevention.
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