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ABSTRACT
People with ESRD are at increased risk for cancer, but it is uncertain when this increased risk begins in the
spectrum of chronic kidney disease (CKD). The aim of our study was to determine whether moderate CKD
increases the risk for cancer among older people. We linked the Blue Mountains Eye Study, a prospective
population-based cohort study of 3654 residents aged 49 to 97 yr, and the New South Wales Cancer
Registry. During a mean follow-up of 10.1 yr, 711 (19.5%) cancers occurred in 3654 participants. Men but not
women with at least stage 3 CKD had a significantly increased risk for cancer (test of interaction for gender
P � 0.004). For men, the excess risk began at an estimated GFR (eGFR) of 55 ml/min per 1.73 m2 (adjusted
hazard ratio [HR] 1.39; 95% confidence interval [CI] 1.00 to 1.92) and increased linearly as GFR declined. For
every 10-ml/min decrement in eGFR, the risk for cancer increased by 29% (adjusted HR 1.29; 95% CI 1.10 to
1.53), with the greatest risk at an eGFR �40 ml/min per 1.73 m2 (adjusted HR 3.01; 95% CI 1.72 to 5.27). The
risk for lung and urinary tract cancers but not prostate was higher among men with CKD. In conclusion,
moderate CKD (stage 3) may be an independent risk factor for the development of cancer among older men
but not women, and the effect of CKD on risk may vary for different types of cancer.
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Chronic kidney disease (CKD) is common in older
people. Among those aged �50 yr, the prevalence
of moderate (stage 3) CKD or worse, defined as es-
timated GFR (eGFR) �60 ml/min per 1.73 m2, is
�20% in the United States and Australia.1,2 CKD
is associated with significant morbidity and pre-
mature death. Cardiovascular complications and
deaths are increased in the CKD population inde-
pendent of traditional risk factors such as diabetes,
hypertension, and dyslipidemia.3–5 Increased can-
cer risk is also well defined in the end-stage kidney
disease (ESKD) and kidney transplant popula-
tions.6 – 8 The overall cancer incidence after trans-
plantation is approximately three-fold greater than
in the general population.

Observational studies have suggested an increased
cancer risk in people with early-stage CKD, before re-
quiring dialysis or transplantation.9,10 An excess risk of
1.2 times for all cancers was reported during the 5 yr

before renal replacement therapy in a population-
based cohort study of dialysis and transplant patients,
but inclusion was limited to those who progressed
to ESKD, and comorbidity data were limited.6 Re-
cently, an association between elevated albumin-to-
creatinine ratio and cancer incidence was reported in a
longitudinal population-based study of older individ-
uals.11 Previous studies have not evaluated the thresh-
old of CKD that is associated with an increased risk for
cancer, adjusted for measurement error in estimating
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the severity of CKD, or determined the independent effect of CKD
after accounting for known risk factors for cancer. The aim of our
study was to estimate the independent effect of mild to moder-
ately reduced kidney function on the risk for incident cancers
among older people and to identify the threshold at which any
excess risk begins.

RESULTS

There were 3448 participants after excluding all prevalent cancers,
and 399 (11.6%) of the 3448 participants were subsequently ex-
cluded because of incomplete blood serum creatinine profiles,
leaving 3049 participants in our study. There were no statistically
significant differences in demographic features and comorbidities
among those included and excluded. Of those included, 42.5%
were men (P � 0.60), 57.9% received tertiary education (P �
0.96), 6.04% had diabetes (P � 0.95), and 51% were current
and/or ex-smokers (P � 0.20). Of those excluded, 43.9% were

men, 58.1% received tertiary education, 6.1% had diabetes, and
54.8% were current and/or ex-smokers. The mean follow-up pe-
riod was 10.1 yr. The mean age of those included was 65.8 yr and
among those excluded was 67.4 yr.

Baseline Characteristics of Study Participants
Baseline characteristics for participants stratified by gender
and CKD status are shown in Table 1. The eGFRs ranged from
a maximum of 113 ml/min per 1.73 m2 to a minimum of 14.5
ml/min per 1.73 m2. Only 50 (1.6%) had an eGFR �90 ml/min
per 1.73 m2, 2153 (70.6%) had an eGFR of 60 to 90 ml/min per
1.73 m2, and 851 (27.9%) had an eGFR �60 ml/min per 1.73
m2. Of those with moderate CKD (eGFR �60 ml/min), 838
(27.5%) had an eGFR 30 to 60 ml/min per 1.73 m2 and 12
(0.4%) had an eGFR 15 to 30 ml/min per 1.73 m2. No partici-
pants were on dialysis or had had a kidney transplant. All par-
ticipants with CKD were older, had higher systolic BP (SBP),
had a history of myocardial infarction, and had sun-related
skin damage. In addition, women with CKD had higher levels

Table 1. Baseline characteristics of participants stratified by gender and GFR

Characteristic

CKD Status (eGFR Measured in ml/min per 1.73 m2)
Men (n � 1295) Women (n � 1752)

<60
(n � 399)

>60
(n � 896)

P for
Difference

<60
(n � 457)

>60
(n � 1297)

P for
Difference

Age (yr; mean � SD) 70.8 � 9.2 63.6 � 8.6 �0.001 72.5 � 9.0 63.6 � 8.7 �0.001
SBP (mmHg; mean � SD) 148.1 � 21.1 146.0 � 21.1 �0.001 152.7 � 24.3 146.1 � 21.1 �0.001
DBP (mmHg; mean � SD) 84.3 � 10.9 83.1 � 9.6 0.240 83.7 � 10.0 83.1 � 9.6 0.280
Alcohol consumption (standard drinks/

d; n �%�)
�0.001 �0.001

1 to 2 206 (51.6) 409 (45.6) 216 (47.8) 663 (50.9)
3 to 4 49 (12.3) 178 (19.9) 23 (5.1) 100 (7.7)
5 to 8 25 (6.3) 81 (9.0) 1 (0.2) 16 (1.2)
�9 7 (1.8) 34 (3.8) 2 (0.4) 8 (0.6)

Previous or current smoking (n �%�) 282 (70.7) 576 (64.3) 0.080 171 (37.8) 501 (38.5) 0.120
Body mass index (kg/m²; mean � SD) 26.7 � 4.0 26.0 � 4.9 0.004 26.2 � 4.9 26.1 � 4.8 0.670
Diabetes (n �%�) 36 (9.0) 55 (6.1) 0.140 32 (7.1) 60 (4.6) 0.120
Acute coronary syndrome (n �%�) 75 (18.8) 82 (9.2) �0.001 51 (11.3) 57 (4.4) �0.001
Sun-related skin damage (n �%�) 177 (44.4) 266 (29.7) �0.001 116 (25.7) 201 (15.4) �0.001
Fasting blood glucose (mmol/L; mean

� SD)
5.5 � 1.7 5.4 � 1.4 0.380 5.3 � 1.8 5.0 � 1.4 0.003

Total cholesterol (mmol/L; mean � SD) 5.8 � 1.1 5.7 � 1.1 0.820 6.3 � 1.1 6.1 � 1.0 0.008
Tertiary education 237 (59.4) 564 (63.8) 0.440 204 (45.1) 691 (53.1) 0.007
eGFR (mmol/min per 1.73 m²; n �%�)

�20 2 (0.15) – 1 (0.06) –
20 to 39 33 (2.6) – 45 (2.6) –
40 to 59 364 (28.1) – 406 (23.2) –
60 to 79 – 789 (60.9) – 1130 (64.4)
80 to 89 – 101 (7.8) – 168 (9.6)
�90 – 6 (0.5) – 4 (0.2)

Serum creatinine concentration (mmol/
L; n �%�)

40 to 89 – 124 (13.8) – 870 (66.8)
90 to 104 – 480 (53.6) 179 (39.6) 432 (33.2)
105 to 119 160 (40.1) 292 (32.6) 173 (38.3) –
120 to 134 150 (37.6) – 53 (11.7) –
135 to 375 89 (22.3) – 47 (10.4) –
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of fasting blood glucose and cholesterol but were less likely to
have received tertiary education.

Cancer Frequency and Incidence Rate
Table 2 shows the incidence and frequency of the six most fre-
quent cancers stratified by gender and CKD status. Breast cancer
was the most frequent cancer in women, followed by colorectal
cancer, melanoma, lung cancer, and urinary tract cancers. In men,
prostate cancer was the most frequent, followed by colorectal,
melanoma, lung, and cancers of the urinary tract system.

Univariate Analyses
Cumulative incidence curves of cancers in the study cohort
during the course of follow-up are shown in Figures 1 and 2,
stratified by eGFR and gender. The cumulative incidence of can-
cer in men with CKD was 23.1 per 1000 person-years compared

with 16.8 per 1000 person-years among
those without CKD. The cumulative inci-
dence curves of cancers in men stratified
by eGFR (�60 ml/min per 1.73 m2 and
�60 ml/min per 1.73 m2) progressively
diverged after 2 yr of follow-up and was
significantly different (�2 � 14.7; P �
0.001). After a mean follow-up period of
10.1 yr, 23.3% of those with an eGFR �60
ml/min per 1.73 m2 had incident cancers
compared with 16.9% of those with an
eGFR �60 ml/min per 1.73 m2.

In women, the cumulative incidence
of cancers for those with CKD was 11.9
per 1000 person-years compared with

13.8 per 1000 persons-years among those without CKD. There
was no significant difference between the two strata of eGFR
(�2 � 0.015; P � 0.90). A total of 12.0% of those with eGFR
�60 ml/min per 1.73 m2 developed cancers compared with
14.0% of those with an eGFR �60 ml/min per 1.73 m2.

Cancer Risk
Table 3 shows the unadjusted and adjusted hazard ratios (HRs)
for all cancers by demographic and other risk factors, stratified by
gender. Age and history of sun-related skin damage were indepen-
dent risk factors for cancers in both men and women. After ad-
justment for age as well as variables significant in the univariate
analysis (age group, smoking status, degree of sun-related skin
damage, and diastolic BP [DBP]), men with reduced kidney
function were at increased risk for cancer. The fully adjusted HR
of incident cancer attenuated to 1.17 (95% confidence interval
[CI] 1.03 to 1.32; P � 0.015) for every 10-ml/min per 1.73 m2

decrease in eGFR. In women, the association between cancer risk
and reduced kidney function was not demonstrated. For women,

Table 2. Cancer incidence rate and frequency by selected sites stratified by
gender and eGFRa

eGFR (ml/min per 1.73 m2)

Men (Incidence Rate
�n�; n � 1295)

Women (Incidence Rate
�n�; n � 1752)

<60
(n � 399)

>60
(n � 896)

<60
(n � 457)

>60
(n � 1297)

All sites 23.10 (93) 17.00 (152) 11.90 (55) 13.9 (182)
Breast – – 2.25 (11) 3.97 (52)
Prostate 4.71 (19) 4.75 (43) – –
Colorectal 3.72 (15) 2.21 (20) 2.60 (12) 2.21 (29)
Melanoma 2.48 (10) 2.76 (25) 1.08 (5) 0.92 (12)
Lung 2.48 (10) 1.88 (17) 0.27 (1) 1.00 (17)
Urinary tract 2.23 (9) 0.77 (7) – 0.45 (6)
aIncidence rate calculated as per 10�3 person-years. There were no urinary tract cancers in women with
eGFR �60 ml/min per 1.73 m².

Figure 1. Cumulative incidence of cancers in men, stratified by
eGFR.

Figure 2. Cumulative incidence of cancers in women, stratified
by eGFR.
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the adjusted HR for cancer was 0.94 (95% CI 0.0.83 to 1.06; P �
0.32) for every 10-ml/min per 1.73 m2 decrease in eGFR.

Adjustment for Measurement Error.
Figure 3 shows the multivariate HR for incident cancer across
continuous measures of eGFR before and after adjustment for
measurement error in men. The effect of adjusting for potential
measurement error in estimating the GFR resulted in stronger
association between reduced GFR and cancer in men. The HR
increased by 7.7% to 1.26 (95% CI 1.08 to 1.47) per 10-ml/min
per 1.73 m2 decrease in eGFR using a measurement error variance
of 50 (ml/min per 1.73 m2)2, increased by 10.3% to 1.29 (95% CI
1.10 to 1.53) per 10-ml/min per 1.73 m2 decrease in eGFR using a
measurement error variance of 77.56 (ml/min per 1.73 m2)2, and
increased by 12.8% to 1.32 (95% CI 1.11 to 1.55) per 10-ml/min
per 1.73 m2 decrease in eGFR with a measurement error variance
of 100 (ml/min per 1.73 m2)2.

In women, there was no demonstrable association between
GFR and cancer after adjustment for potential measurement
error in estimating GFR. For measurement error variance of 50
(ml/min per 1.73m2)2, 77.56 (ml/min per 1.73m2)2, and 100
(ml/min per 1.73m2)2, the adjusted HRs were 0.92 (95% CI
0.78 to 1.08), 0.90 (95% CI 0.77 to 1.06), and 0.90 (95% CI 0.76
to 1.05) per 10 ml/min per 1.73 m2, respectively.

Threshold Analyses.
To identify the threshold of reduced kidney function at which
the excess risk for cancer began, we performed a series of sensitiv-
ity analyses with various thresholds of eGFR using the multivari-
ate Cox proportional hazard models: 35, 40, 45, 55, 65, 75, 80, and
�90 ml/min per 1.73 m2. Figure 4 shows results of the threshold

analyses assessing the relationship between reduced kidney func-
tion and cancer risk in both men and women. Cancer risk in-
creased significantly in men with reduced kidney function, begin-
ning with a threshold GFR of 55 ml/min per 1.73 m2. The adjusted
HR for cancer was 1.39 (95% CI 1.00 to 1.92; P � 0.04) for men
with an eGFR �55 ml/min per 1.73 m2 compared with those with
an eGFR �55 ml/min per 1.73 m2. Within the range of eGFR in
our study cohort, the threshold below which the greatest cancer
risk occurred was 40 ml/min per 1.73 m2. The adjusted HR for
incident cancer was 3.01 (95% CI 1.72 to 5.27; P � 0.0001) for
men with an eGFR �40 ml/min per 1.73 m2 compared with those
with an eGFR �40 ml/min per 1.73 m2. Estimates below a thresh-
old of 35 ml/min per 1.73 m2 were less precise because only 35
participants had an eGFR between 15 and 35 ml/min per 1.73 m2.
There was no significant association between reduced kidney
function and cancer risk at any of the thresholds of eGFR in
women.

Cancer Site–Specific Analyses.
Figure 5 shows the selected site-specific HR by gender and at dif-
ferent thresholds of eGFR. Reduced kidney function to the lowest
threshold of eGFR (�40 ml/min) was significantly associated
with lung (P � 0.001) and urinary tract cancers (P � 0.04) in men
but showed no significant association for colorectal, breast, and
prostate cancers after adjustment for the effect of age, smoking
status, sun-related skin damage, and DBP. There was no signifi-
cant association between reduced kidney function (eGFR �40
ml/min) and site-specific cancers (breast cancer, P � 0.33; colo-
rectal cancer, P � 0.81) in women. There were insufficient num-
bers of lung and urinary tract cancers below the eGFR �40 ml/
min per 1.73 m2 in women to perform any conclusive analyses.

Sensitivity Analyses.
Exclusion of incident cancers diagnosed in the first 4 yr after
baseline examination did not affect the association between
reduced kidney function and overall cancer risk in men; 87 such
cancers were excluded from the analysis, and the fully adjusted
HR of incident cancer in men was 1.17 (95% CI 1.00 to 1.37; P �
0.06) per 10-ml/min per 1.73 m2 decrease in eGFR. In addition,
the overall adjusted HR of incident cancers in men after excluding
very elderly participants (age�85 yr at baseline) was 1.16 (95% CI
1.02 to 1.32; P � 0.02) per 10-ml/min per 1.73 m2 decrease in
eGFR, showing no impact on the overall association between re-
duced kidney function and cancer risk.

DISCUSSION

These data suggest that the excess risk for cancer in men with
kidney disease may not be limited to those on dialysis or with a
transplant but also those with moderate CKD, which is present
in approximately one third of the population aged �50 yr.
Moderate CKD increases the risk for all cancers in men by
approximately 40%, independent of other known risk factors
such as age and smoking. The threshold of kidney dysfunction

Figure 3. Adjusted HRs for incident cancers across continuous
measures of eGFR before and after adjustment for measurement
errors in men.
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at which this risk begins is approximately an eGFR of 55 ml/
min, and risk increases linearly as the eGFR falls, reaching a
maximum three-fold increased risk with GFR �40 ml/min per
1.73 m2, which is similar to the risk increase seen in dialysis and
kidney transplant patients.6,12–14 The association between re-
duced kidney function (at a threshold of eGFR �40 ml/min
per 1.73 m2) also seems to be site specific for lung and urinary
tract cancers.

Our findings are consistent with emerging literature show-
ing that kidney disease is an independent risk factor for dis-

eases in other organ systems and that
this increased risk is not limited to severe
kidney disease or ESKD but begins with
early or mild to moderate kidney dis-
ease. Previously, excess risk associated
with CKD was shown for increased all-
cause mortality, primarily driven by car-
diovascular outcomes for which very
similar estimates of excess risk (approx-
imately 40%) at similar thresholds
(eGFR �60 ml/min per 1.73 m2) for
GFR were demonstrated.15

Our observed link between cancer and
CKD was limited to men only, and we did
not show any relationship between cancer
and CKD in women. There are no compa-
rable studies in the pre-ESKD population,
but a similar but less extreme finding has
been reported in older kidney transplant
recipients. Male recipients of kidney trans-
plants had the highest overall cancer risk,
compared with women who had received
a transplant and the general popula-
tion.14,16 Compared with women who had
received a transplant, men who had re-
ceived a transplant had a relative risk of 1.2
for nonskin and 2.2 for skin cancers.8 A
three-fold increase in the overall cancer
risk was observed in men who had re-
ceived a transplant compared with the
general population. In contrast to our
finding of no increased cancer risk in
women with mildly to moderately re-
duced kidney function, there was a two-
fold increase in cancer incidence in
women who had received a transplant
compared with the general population.8

A significant association was detected
between urinary tract and lung cancers
in men below the lowest threshold of
eGFR defined in our study cohort. A
similar observation was reported in a re-
cent study showing a significant rela-
tionship between increasing levels of al-
bumin-creatinine ratio and increased

risk for bladder, renal, and lung cancers.11 Given the consistent
evidence of a two- to three-fold increased risk for virus-related
neoplasms such as cervical cancers and non-Hodgkin lympho-
mas in transplant recipients,6,14 assessing the relationship be-
tween these cancers and reduced kidney function in our study
cohort may have been a more robust approach, but there was
insufficient statistical power to elucidate this further.

The precise biological explanation for the association be-
tween reduced kidney function and increased cancer risk in
men is not clear and may be multifactorial. Some have sug-

Figure 4. Adjusted HRs for incident cancers across various thresholds of eGFR in both
men and women.

Figure 5. Adjusted HR for all sites and site-specific cancers by gender. ¶Adjusted for the
effect of age, smoking status, sun-related skin damage, and DBP in men. #Adjusted for
the effect of age, smoking status, and sun-related skin damage in women. *Unable to
calculate HRs for urinary tract cancers in women with CKD and for melanoma in women
and men with eGFR �40 ml/min per 1.73 m2. There were insufficient numbers of cancers
at the threshold below the designated eGFR.

CLINICAL EPIDEMIOLOGY www.jasn.org

1346 Journal of the American Society of Nephrology J Am Soc Nephrol 20: 1341–1350, 2009



gested an association between vitamin D deficiency, which is
highly prevalent among people with moderately reduced kid-
ney function,17,18 and risk for prostate, breast, and colon can-
cer in the general population19 –21; however, the results of our
study are comparable to the findings in the transplant and
dialysis populations14 and show no site-specific increased risk
for breast and prostate cancers in both men and women. CKD
is also a proinflammatory state,22–24 and there is now emerging
evidence linking an association between chronic inflammation
and risk for cancer.25 Markers of inflammation, such as white
blood cell count, have also been associated with an increased
risk for cancer mortality in the general population.26 –28 Our
findings could represent a CKD threshold below which poten-
tial uremic factors associated with reduced kidney function
increase the risk for cancer independent of other, well-estab-
lished risk factors, such as iatrogenic immunosuppression used
after transplantation. Future studies with greater statistical
power assessing potential underlying mechanisms and site-
specific cancer risk factors are warranted.

The lack of positive association between cancer and moder-
ate CKD in women was unexpected. There are a number of
plausible explanations. With �1700 women followed for �10
yr, during which 240 developed cancer, we believe our study
was sufficiently powered overall to detect an association be-
tween moderate CKD and overall cancer risk in women; how-
ever, there are important gender-related differences in the risk
for organ-specific cancers that may explain why no association
was found. First, exposure factors such as ethyl benzenes and
phenacetin that caused the primary renal disease may also be
responsible for cancers of the urinary tract. If this exposure
occurred more frequently in men than women, then there may
be resultant differential confounding effect on the associations
of reduced kidney function with cancer risk between genders.29

Second, it seems that the overall increased risk in men was
driven mainly by lung and urinary tract cancers, so it is possible
that meaningful analyses assessing the relationship between
urinary tract cancers and reduced kidney function in women
were not feasible as a result of the limited numbers available in
our study cohort. In addition, serum creatinine concentration
(or eGFR) is an imperfect measure of kidney function because
serum creatinine, a breakdown product of muscle, is influ-
enced not only by kidney function but also by age, gender,
ethnicity, and body mass.30,31 In particular, it is less sensitive to
detect reduced kidney function in women with mildly to mod-
erately reduced kidney function. A serum creatinine– based es-
timated equation for kidney function in women may underes-
timate the true level of kidney function32 and thus could have
attenuated the true influence of CKD on cancer risk in women.
Alternatively, there may indeed be true gender-based effect
modification, with a lower threshold of �40 ml/min in women
before the risk for cancer increased in women, for which our
study has insufficient data to be conclusive.

Our study has a number of strengths. It is population based
with very few missing baseline data and 31,620 person-years of
follow-up. Detailed data on confounders were also available.

Using linked data from a mandatory statewide cancer registry, we
accurately ascertained all cancer diagnoses since inception of the
cohort. It is possible that some cancers were not reported to this
register because of interstate movement, but there is unlikely to be
differential classification according to CKD stage, and this num-
ber is likely to be very small, because, since 1992, only 5% of the
cohort have moved outside the district.33 We excluded all preva-
lent cancers before the first survey for several reasons. Cancer, in
particular cancer of the urinary tract and hematologic systems
such as renal cell carcinoma and multiple myeloma, are known to
result in CKD and reduced kidney function. Moreover, chemo-
therapeutic agents such as platinum-based chemotherapy can af-
fect renal function adversely. In our analyses, �44% of the partic-
ipants with prevalent cancer (excluded from the analyses) had an
eGFR �60 ml/min per 1.73 m2. This was comparable to the find-
ings from a recent study that showed that �30% of all prevalent
cancer patients had an eGFR �80%.34 By removing from the
analyses all individuals with prevalent cancer, our observations
showed that reduced kidney function may be an independent risk
factor for cancer in men after adjusting for the effect of age, smok-
ing, and sun-related skin damage.

Our study has a number of potential limitations. We excluded
11% of the original sample because of incomplete blood and se-
rum profile, but this number is relatively small and those who
were excluded were similar to the overall study population. Re-
grettably, testing for urinary protein was not undertaken, which
may be regarded as a study weakness. Microalbuminuria is a
marker of CKD and end organ damage. Post hoc analyses of long-
term clinical trials and large prospective cohort studies had shown
an association between microalbuminuria and cardiovascular
risk.35–38 Analysis using albuminuria/proteinuria as another
marker of CKD may have been useful as a potential independent
risk factor for cancer.11 The progression of CKD over time and the
relationship with cancer was not evaluated because we had only
measurements of serum creatinine at baseline. Findings from our
study may not be generalizable to other populations such as blacks
or indigenous Australians because the majority of our study par-
ticipants were white. Early censoring of people who had CKD and
died prematurely from causes other than cancer, such as cardio-
vascular disease, may have attenuated the true effect of reduced
kidney function and cancer risk; however, if the effect were differ-
ential between men and women, then it would bias the effect to-
ward the null in men but not in women, because the overall mor-
tality is significantly greater in men than in women in our study
cohort (results available upon request). Finally, although we had
fully adjusted for all known risk factors for cancer available in the
data set, residual confounding by other, unmeasured socioeco-
nomic and epidemiologic factors such as the finer details of smok-
ing (amount of cigarettes smoked per year or years of smoking)
may also have occurred.

Understanding an individual’s cancer risk is important for
long-term clinical management strategies. Much emphasis has
been placed on assessing and modifying cardiovascular risk in
CKD via lipid lowering and dietary and exercise modification.
Similarly, fruitful areas for future research should be to evalu-
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ate potentially modifiable risk factors for the prevention and
early detection of cancer. The impact of CKD on the treatment,
prognosis, and survival of cancers should therefore be ex-
plored.

In conclusion, we report that moderately reduced kidney
function may be an independent risk factor for cancer in
older men and that this risk begins when GFR falls to ap-
proximately 55 ml/min and progressively increases as GFR
declines further to 40 ml/min when a similar risk for pa-
tients on dialysis or transplant recipients is evident. Given
that CKD of this severity affects 20% of the male population,
our finding suggests that CKD prevention may be a novel
and worthwhile strategy for reducing cancer risk in the gen-
eral population.

CONCISE METHODS

Study Population
The Blue Mountains Eye Study (BMES) is a well-established popula-

tion-based cohort study of predominantly white Australians. The

main aim of the original study was to assess the prevalence, incidence,

and risk factors of common eye disease but has since expanded to

include other important health outcomes in older people.33 Full de-

tails of recruitment methods are reported elsewhere.33,39 In brief, dur-

ing 1992 through 1993, all noninstitutionalized permanent residents

of two postal code districts in the Blue Mountains area, west of Syd-

ney, who were born before January 1, 1943, were invited to participate

in the study. The number of eligible individuals found in the first

census differed from the Australian Census, conducted 3 mo earlier,

by only six people. This study was conducted according to the recom-

mendations of the Declaration of Helsinki and was approved by the

Western Sydney Area Human Research Ethics Committee, with writ-

ten informed consent obtained from all participants. Of the 4433

eligible individuals identified at the original census, 3654 (82.4%)

participated in the study, which involved a detailed interview, medical

examination including body weight and SBP and DBP (measured

with a single mercury sphygmomanometer), and fasting blood sam-

ples (blood samples were collected from 3222 [88%] of participants at

baseline). The Institute of Clinical Pathology and Medical Research at

Westmead hospital performed the laboratory tests within 4 h of blood

collection. Serum creatinine was measured within 4 h of collection

using a Hitachi 747 Biochemistry analyzer (Roche reagents, modified

kinetic Jaffe). In accordance with the National Kidney Foundation, we

defined participants as having moderate CKD, with an eGFR of �60

ml/min per 1.73 m2, calculated using the four-variable abbreviated

Modification of Diet in Renal Disease (MDRD) equation: eGFR (ml/

min per 1.73 m2 � 186 * (serum creatinine in ml/min * 0.0113)�1.154

* age�0.203 * 0.742 (if female) * 1.210 (if black). Body mass index was

calculated as weight/height2 (kg/m2).40 Self-reported history of smok-

ing (yes or no), sun-related skin damage (mild, moderate, and severe),

previous heart attack, alcohol consumption (categorized into 1 to 2, 3

to 4, 5 to 9, and �9 standard drinks per day), diabetes, coffee drinking

(yes or no), oral contraceptive intake (yes or no), and age at menarche

and menopause were recorded.

New South Wales Central Cancer Registry
The Central Cancer Registry (CCR) was established under the Public

Heath Act of New South Wales 1991 to receive notifications of incident

cancer in New South Wales. Notification of cancer is a statutory require-

ment for all public and private hospitals, radiotherapy, outpatient, and

pathology departments. The CCR maintains a case-based register of all

cancer diagnoses in individuals resident in New South Wales, except for

nonmelanocytic skin cancers, since 1972. The rate of interstate move-

ment is small and accounts for �3.2% of the total populations in New

South Wales.41 The CCR holds data on date and age at cancer diagnosis,

site, histologic type, topography, and morphology.

Record Linkage
Ethics approval for this study was obtained from the Cancer Institute

of New South Wales and the University of Sydney. The linkage pro-

cess, using specialized probabilistic linkage software, was carried out

by the Centre for Health Record Linkage (CheReL) at the Cancer

Institute of New South Wales. Using key identifiers such as name, age,

gender, address, and postcode from the BMES data set, CheReL cre-

ated a unique data-linkage key that linked to records to the same

person in the CCR database. The linkage process was repeated using

six passes. Personnel at CheReL estimated the probabilities and set

error thresholds for each pass. The probabilities then were aggregated

into a score and checked against a threshold to determine whether a

match was made. Manual clerical review was undertaken to improve

the accuracy of the linked record.

Assessment of Incident Cancers
Incident cancer was defined as the first cancer diagnosed after the

initial survey in 1992 through 1993. All incident cancers diagnosed

before December 31, 2004, were included. Diagnoses of incident can-

cers were coded using the International Classification of Diseases,

Ninth Revision and International Classification of Diseases, Tenth Re-

vision for cancers (C010 through C809). Nonmelanocytic skin cancers

were excluded from the analysis because CCR New South Wales does

not hold any information on skin cancers except for melanomas. Par-

ticipants with cancers diagnosed before the initial survey (all preva-

lent cancers) were excluded from the analysis.

Statistical Analysis
Statistical analyses were performed using SAS 9.1 (SAS Institute, Cary,

NC) and R 2.6.1. (R Foundation for Statistical Computing, Auckland,

Australia). Baseline characteristics of participants with and without

CKD were compared using t test, �2 tests, and ANOVA. For survival

analyses, the follow-up period was defined from the time of first sur-

vey (1992 through 1993) to time of cancer diagnosis. Those who did

not develop incident cancers were censored at the end of the fol-

low-up period (December 31, 2004). Participants who died during the

follow-up period were censored at the time of death. The proportion

of participants free from incident cancer was calculated using the

Kaplan-Meier method.

We applied univariate and multivariable-adjusted Cox propor-

tional hazard models to assess the relationship between incident can-

cer and kidney function while controlling for age, age at menarche

and menopause, SBP and DBP, body mass index, fasting serum cho-
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lesterol and glucose, smoking status, history of oral contraceptive use,

hormone replacement therapy, cardiovascular events, and sun-related

skin damage. HRs of all incident cancers with reduced kidney function

were then compared with those with normal kidney function in the un-

adjusted and multivariable-adjusted models. eGFR, as a measure of kid-

ney function, was modeled as a continuous and categorical (�60 and

�60 ml/min per 1.7 3m2) variables. All explanatory variables that had an

association with cancer at P � 0.25 in the unadjusted analyses were in-

cluded in the multivariable-adjusted analyses. The least significant vari-

ables were then removed from the base model using a step-wise backward

elimination process until only variables with P � 0.05 remained in the

final parsimonious model. In all models, however, we adjusted for smok-

ing status, on the basis of the prior knowledge that smoking is an inde-

pendent risk factor for cancers.42–44 We checked for any deviations from

linearity in serum creatinine and eGFR using linear spline models and

other continuous variables such as age, SBP and DBP, and serum blood

cholesterol by categorizing each of these variables into quartiles and plot-

ting the estimated regression coefficients against the midpoints of each of

the groups. No deviations from linearity were identified. Potential effect

modification was also tested between the study factor (eGFR and serum

creatinine) and all other covariates using two-way interaction terms. Ef-

fect modification was found between gender and eGFR (test of interac-

tion for gender P � 0.004), so two models with different covariates were

developed for men and women to assess the relationship between re-

duced kidney function and cancer risk. The proportional hazards as-

sumptions of all Cox models was assessed by fitting log(time)-dependent

covariates in the multivariate models and checking graphically by plot-

ting the Schoenfeld residuals, but no variables showed evidence of depar-

ture from the proportional assumption. To assess the robustness of our

results, we performed threshold analyses at the various cut points of

eGFR for the prediction of cancer risk. Site-specific analyses were per-

formed to assess the relationship between reduced kidney function and

risk for common cancers.

To account for any potential measurement error that might occur

when estimating GFR using a single creatinine test, we used SIMEX

(simulation and extrapolation) methods.45 SIMEX is a simulation-

based method of inference that allows correction for measurement

error. Using data extrapolated from published literature, we applied a

value, 77.56 (ml/min per 1.73 m2)2, for the variance of measurement

error in the base case analysis.46 We also performed sensitivity analy-

ses using measurement error variances of 50 (ml/min per 1.73 m2)2

and 100 (ml/min per 1.73 m2)2.

To ensure that undiagnosed cancers at the time of first survey did not

affect the outcomes of our study, we performed separate analyses exclud-

ing participants who had incident cancers diagnosed up to 4 yr after

baseline examination. We also conducted a sensitivity analysis excluding

very elderly participants (age �85 yr at baseline) in the study cohort to

eliminate the effect of competing risk as a result of mortality.
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