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ABSTRACT 

Background. Studies investigating the association of chronic kidney disease and cancer have focused on estimated 
glomerular filtration ( eGFR ) rather than on albuminuria. This study aimed to examine whether albuminuria is associated 
with cancer incidence, and whether this association is independent of eGFR. 
Methods. We included subjects of the Stockholm Creatinine Measurements ( SCREAM ) project without a history of 
cancer—250 768 subjects with at least one urine albumin–creatinine ratio ( ACR ) test ( primary cohort ) and 433 850 
subjects with at least one dipstick albuminuria test ( secondary cohort ) . Albuminuria was quantified as KDIGO 

albuminuria stages. The primary outcome was overall cancer incidence. Secondary outcomes were site-specific cancer 
incidence rates. Multivariable Cox proportional hazards regression models adjusted for confounders including eGFR to 
calculate hazard ratios and 95% confidence intervals ( HRs, 95% CIs ) . 
Results. During a median follow-up of 4.3 ( interquartile range 2.0–8.2 ) years, 21 901 subjects of the ACR cohort developed 
de novo cancer. In multivariable analyses, adjusting among others for eGFR, subjects with an ACR of 30–299 mg/g or 
≥300 mg/g had a 23% ( HR 1.23; 95% CI 1.19–1.28 ) and 40% ( HR 1.40; 95% CI 1.31–1.50 ) higher risk of developing cancer, 
respectively, when compared with subjects with an ACR < 30 mg/g. This graded, independent association was also 
observed for urinary tract, gastrointestinal tract, lung and hematological cancer incidence ( all P < .05 ) . Results were 
similar in the dipstick albuminuria cohort. 
Conclusions. Albuminuria was associated with the risk of cancer independent of eGFR. This association was primarily 
driven by a higher risk of urinary tract, gastrointestinal tract, lung and hematological cancers. 

LAY SUMMARY 

Previous studies investigating the association of chronic kidney disease with cancer risk predominantly focused on 

decreased estimated glomerular filtration rate ( eGFR ) rather than increased albuminuria. This cohort study therefore 
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aimed to investigate whether albuminuria is associated with cancer incidence, and whether this association is 
independent of kidney function. The results showed that higher albuminuria was associated with an increased risk 
of cancer independent of eGFR. This study may have practical consequences in that albuminuria could be a potential 
marker to add value when identifying subjects eligible for the screening programs of certain cancer types, e.g. urinary 
tract cancer. 

GRAPHICAL ABSTRACT 

Keywords: albuminuria, cancer, chronic kidney disease, cohort study, SCREAM 
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NTRODUCTION 

hronic kidney disease ( CKD ) is defined as decreased kid- 
ey function [estimated glomerular filtration rate ( eGFR ) 
 60 mL/min/1.73 m 

2 ] and/or increased albuminuria [ 1 ]. CKD is 
revalent among about 11% of the adult population in developed 
ountries [ 2 ]. In these countries cancer is considered one of the 
eading causes of death [ 3 ]. Accumulating research has shown 
hat CKD predisposes to developing cancer [ 4 ]. Observational ev- 
dence in this field has predominantly investigated the excess 
isk of cancer incidence in persons with decreased eGFR. Possi- 
le cancer risks associated with increased levels of albuminuria 
re less studied [ 5 –9 ]. 

The few studies exploring this association provide results 
hat vary considerably [ 10 –17 ]. This might be attributable among 
ther things to a lack of consideration of eGFR, their limited 
ample sizes and the fact that different albuminuria measure- 
ent techniques were used, including semi-quantitative dip- 
tick techniques and fully quantitative assessment of urine 
lbumin–creatinine ratio ( ACR ) . Of note, the dipstick technique 
w
s less accurate to quantify albuminuria levels when compared 
ith the assessment of ACR, owing to the indirect estimate of al- 
uminuria derived from a semi-quantitative colorimetric mea- 
urement method and the lack of correction for the degree of 
rine dilution–concentration [ 1 ]. 
To fill these gaps in previous studies, this study therefore 

imed to explore the eGFR-independent risk of cancer incidence 
ssociated with albuminuria in a large Swedish population, and 
eparately examined this association with ACR and dipstick al- 
uminuria measurements. 

ATERIALS AND METHODS 

tudy population 

e analyzed data from the Stockholm CREAtinine Measure- 
ents ( SCREAM ) project, a healthcare utilization cohort from 

he region of Stockholm, Sweden that includes information 
n all residents seeking healthcare during 2006–19 [ 18 ]. Data 
ere linked with regional and national administrative databases 



Albuminuria and cancer risk 2439 

f
d
a  

f  

t  

c  

b  

e  

w  

s  

v  

t  

b  

(  

c
u  

e
t  

T  

S

E

A
m  

A  

a
t  

b
a  

3  

a
s
t  

(

c
i
d  

c
(
u
i  

(  

l
m  

a
a
t  

T
m  

c
K
[  

p  

n
e
i  

w

F

T
o

p  

a  

p  

t  

h  

g  

n  

t  

p  

C  

u  

w  

N  

(

S

C  

v  

s  

w
 

i  

1
M  

y  

e  

b  

s  

(  

a  

o  

u  

r  

s  

K  

b  

h  

t
 

g  

o  

G  

s  

i  

y  

>  

f  

c  

s  

C  

t  

g  

w  

t  

s  

fl  

t  

(
 

t  

4  

a  
or complete information on healthcare utilization, dispensed 
rugs, socioeconomic status, validated kidney replacement ther- 
py endpoints and follow-up for death, with virtually no loss to
ollow-up. For this study, we included subjects without a his-
ory of cancer who had at least one ACR test as our primary
ohort and similar subjects who had at least one dipstick al-
uminuria test as our secondary cohort. The date of the first-
ncountered ACR or dipstick test per patient ( if more than one
as available ) was considered for patient selection. As a next
tep, we searched for the presence of a creatinine-based eGFR
alue in the 6 months before or after the selected albuminuria
est. This was considered as concomitant eGFR and the latest of
oth tests ( either albuminuria or eGFR ) was set as the baseline
 index ) date of the cohorts. At this index date, we assessed ex-
lusion criteria, calculated study covariates and initiated follow- 
p. Exclusion criteria were age < 18 years old, lack of concurrent
GFR test, a history of cancer, undergoing kidney replacement 
herapy and death on the same day as the baseline assessment.
he study was approved by the regional ethics committee in
tockholm, Sweden. 

xposure and covariates 

ll laboratory measurements were performed using routine 
ethods at the clinical laboratories of the region of Stockholm.
CR was calculated by taking the ratio between urinary albumin
nd urinary creatinine and expressed in mg/mmol ( to convert 
o mg/g multiply by 8.84 ) . Dipstick albuminuria was estimated
y dipstick proteinuria. Dipstick proteinuria was assessed by an 
utomated urine analyzer and recorded as negative, 1 + , 2 + and
 + [ 19 ]. Dipstick albuminuria values were converted into KDIGO
lbuminuria categories by the Chronic Kidney Disease Progno- 
is Consortium ( CKD-PC ) equation with the principle of negative 
o A1 ( < 30 mg/g ) , 1 + to A2 ( 30–299 mg/g ) , and 2 + and 3 + to A3
 ≥300 mg/g ) [ 20 ]. 

Baseline covariates included age, sex, highest attained edu- 
ation, hypertension, cardiovascular diseases, diabetes, chronic 
nfections, chronic obstructive pulmonary disease, rheumatic 
isease and dementia, as well as the use of angiotensin-
onverting enzyme inhibitors/angiotensin receptor blockers 
 ACEi/ARBs ) , statins, non-steroidal anti-inflammatory drugs, di- 
retics and eGFR. Highest attained education was categorized 
nto three levels: compulsory school ( ≤9 years ) , secondary school
 10–12 years ) and university ( > 12 years ) , and obtained from the
ongitudinal integrated database for health insurance and labor 
arket studies ( LISA ) register [ 21 ]. We used Anatomical Ther-
peutic Chemical codes to identify ongoing medications and 
ll comorbidities were ascertained with International Classifica- 
ion of Diseases ( ICD ) -10 codes ( Supplementary data, Table S1 ) .
he definition of diabetes was additionally enriched with infor- 
ation on the use of anti-diabetic medications. eGFR was cal-
ulated from serum/plasma creatinine using the 2021 Chronic 
idney Disease Epidemiology Collaboration creatinine equation 
 22 ]. We only used creatinine measurements obtained in the out-
atient setting to better reflect kidney function, and all creati-
ine tests were standardized to isotope dilution mass spectrom- 
try standards. Ethnicity data are not allowed to be documented 
n Sweden by law, and all subjects were therefore assumed to be
hite. 

ollow-up and study outcome 

he primary outcome was overall cancer incidence. Secondary 
utcomes were site-specific cancer incidences. We decided a 
riori to report the most common site-specific cancers, defined
s those with an incidence of 0.5% or higher in our study
opulation during the total follow-up. Cancer data were ascer-
ained by linkage to the Swedish Cancer Registry, which has
igh completeness and reliability [ 23 ], and ICD-10 codes were
rouped as follows: overall cancer [C00-C97, D45-D47, excluding
on-melanoma skin cancer ( C44 ) ], urinary tract ( C64-68 ) , gas-
rointestinal tract ( C15-25 ) , lung ( C33-34, C39 ) , melanoma ( C43 ) ,
rostate ( C61 ) , breast ( C50 ) and hematological cancer ( C90-93,
95-96, D45-47 ) [ 24 ]. Subjects were censored at the end of follow-
p ( 31 December 2018 ) , death or emigration from the region,
hichever occurred first. Death data were retrieved from the
ational Board of Health and Welfare’s Cause-of-Death Register

 https://www.socialstyrelsen.se ) . 

tatistical analyses 

ontinuous variables are presented as median with standard de-
iation ( SD ) or as median with interquartile range ( IQR ) in case of
kewed distribution. Categorical variables are shown as counts
ith proportion. 
Incidence rates per 1000 person-years with 95% confidence

ntervals ( 95% CIs ) were calculated using the exact method. The
0-year crude incidence was calculated by subtracting Kaplan–
eier estimates of the probability of cancer-free survival at 10
ears from 100%. Cox proportional hazards regression mod-
ls were used to estimate the association between baseline al-
uminuria KDIGO categories and the risk of overall and site-
pecific cancer incidence. Results are reported as hazard ratios
 HRs ) with 95% CIs. Models were adjusted for baseline covariates
s described above, including baseline eGFR. HRs ( 95% CIs ) for
verall cancer incidence according to KDIGO combined albumin-
ria and eGFR global risk strata were also calculated using Cox
egression models, in which the reference group comprised the
ubjects with ACR < 30 mg/g and eGFR ≥90 mL/min/1.73 m 

2 [ 1 ].
aplan–Meier curves were plotted for overall cancer incidence
y KDIGO albuminuria categories in the dipstick albuminuria co-
ort and graphs showing restricted cubic splines were made for
he ACR cohort. 

We conducted several sensitivity analyses. First, to investi-
ate the possible effect of non-cancer death on the association
f albuminuria with cancer incidence, we performed Fine and
ray competing risk proportional hazards regression to estimate
ubdistribution hazard ratios with 95% CIs [ 25 ]. Second, to exam-
ne possible reverse causation, we did a 1-year landmark anal-
sis by splitting the follow-up time into two periods ( ≤1 and
 1 year follow-up time ) and separately estimating HRs ( 95% CIs )
or these two intervals. Third, to detect possible effect modifi-
ation by baseline age ( < 65 and ≥65 years old ) , sex, hyperten-
ion, diabetes and eGFR ( < 60 and ≥60 mL/min/1.73 m 

2 ) , we fitted
ox models containing both main effects and the cross-product
erms with albuminuria. Fourth, to explore the possible effect of
lycemic control on the association of albuminuria with cancer,
e additionally adjusted for glycosylated hemoglobin ( HbA1c ) in
he final model. Fifth, to investigate whether the overlap in the
ubjects of the ACR and the dipstick albuminuria cohorts will in-
uence the estimated associations, we excluded subjects among
he dipstick albuminuria cohort who were also in the ACR cohort
 24.7% ) and remodeled the associations. 

P -values are two-tailed. A P -value of < .05 is considered sta-
istically significant. Analyses were conducted with R ( version
.1.2, R Foundation for Statistical Computing, Vienna, Austria )
nd Stata ( version 15.0, StataCorp LLC, College Station, TX, USA ) .

https://www.socialstyrelsen.se
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Figure 1: Flow chart of study participants and study design. 
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ESULTS 

aseline characteristics 

fter applying the inclusion and exclusion criteria, we identified 
50 768 and 433 850 subjects that underwent at least one ACR 
est and one dipstick albuminuria test, respectively ( Fig. 1 ) . The 
aseline characteristics of the subjects of the ACR cohort are pre- 
ented in Table 1 . Their mean age was 60.1 ± 15.8 years and 48% 

ere female. Some 81.3% of subjects had an ACR < 30 mg/g, 14.9% 

ad an ACR of 30–299 mg/g and 3.8% had an ACR ≥300 mg/g.
he mean eGFR was 89.1 ± 21.8 mL/min/1.73 m 

2 . The most 
ommon comorbidities were hypertension ( 55% ) and diabetes 
 33% ) . Subjects included in the dipstick albuminuria cohort were 
lightly younger, more often female, had higher eGFR and a 
ower prevalence of hypertension and diabetes, and less often 
sed ACEi/ARBs when compared with subjects of the ACR co- 
ort ( Supplementary data, Table S2 ) . 

lbuminuria and the risk of overall 
ancer incidence 

uring a median follow-up of 4.3 ( IQR 2.0–8.2 ) years, 21 901 new 

ases of cancer were recorded in the ACR cohort. The 10-year 
rude incidence of overall cancer was 16.2% ( 95% CI 16.0%–16.5%,
able 2 ) . Higher albuminuria categories were associated with a 
igher risk of developing overall cancer. After full adjustment in- 
luding eGFR, subjects with an ACR of 30–299 mg/g and subjects 
ith an ACR ≥300 mg/g had a 23% ( HR 1.23; 95% CI 1.19–1.28 ) 
nd 40% ( HR 1.40; 95% CI 1.31–1.50 ) higher risk of overall can- 
er incidence, respectively, when compared with subjects with 
n ACR < 30 mg/g. Every doubling of ACR was linearly associated 
ith the risk of overall cancer incidence ( Fig. 2 , P non-linearity = .78 ) .
hese results were similar in the dipstick albuminuria cohort 
 Table 2 ) . 

We explored cancer risks in individuals with differing KDIGO 

GFR and albuminuria categories ( Table 3 , Supplementary data,
able S3 ) . Within each eGFR stratum, cancer risk generally in- 
reased across worsening ACR categories. 

lbuminuria and the risk of site-specific cancer 
ncidence 

Rs ( 95% CIs ) for the association of albuminuria with site- 
pecific cancers are shown in Tables 2 and 4 . The 10-year crude 
ncidence rate of site-specific cancers in the subjects of the 
CR cohort ranged from 1.0% ( 95% CI 1.0%–1.1% ) for develop- 
ng hematological cancer to 6.1% ( 95% CI 5.9%–6.3% ) for devel- 
ping prostate cancer. Subjects with an ACR ≥300 mg/g had a 
igher risk to develop urinary tract cancer ( HR 2.33; 95% CI 1.94–
.80 ) , gastrointestinal tract cancer ( HR 1.30; 95% CI 1.13–1.49 ) ,
ung cancer ( HR 1.35; 95% CI 1.05–1.73 ) and hematological can- 
er ( HR 1.64; 95% CI 1.30–2.06 ) , when compared with subjects 
ith an ACR < 30 mg/g. No significant associations of albumin- 
ria with the risk of melanoma, breast and prostate cancers were 
bserved. In general we observed a similar association pattern 
n the dipstick albuminuria cohort ( Tables 2 and 4 ) . 
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Table 1: Baseline characteristics of the 250 768 subjects of the ACR cohort, overall and according to KDIGO albuminuria categories. 

KDIGO albuminuria categories ( mg/g ) 

Overall A1 < 30 A2 30–299 A3 ≥300 

No. of subjects 250 768 203 754 37 410 9604 
Demographics 

Age, years 60.1 ± 15.8 59.6 ± 15.3 63.5 ± 16.9 57.9 ± 19.3 
Female 119 426 ( 48 ) 98 566 ( 48 ) 16 600 ( 44 ) 4260 ( 44 ) 
Highest attained education 

Compulsory school 54 336 ( 22 ) 41 387 ( 20 ) 10 373 ( 28 ) 2576 ( 27 ) 
Secondary school 103 241 ( 41 ) 84 495 ( 41 ) 14 943 ( 40 ) 3803 ( 40 ) 
University 88 368 ( 35 ) 74 541 ( 37 ) 10 944 ( 29 ) 2883 ( 30 ) 
Missing 4823 ( 2 ) 3331 ( 2 ) 1150 ( 3 ) 342 ( 4 ) 

Kidney function 
Albuminuria, mg/g 8.0 ( 3.9, 24.8 ) 6.1 ( 3.5, 11.5 ) 60.1 ( 38.9, 109.6 ) 731.1 ( 430.5, 1494.2 ) 
eGFR, ml/min/1.73 m 

2 89.1 ± 21.8 91.0 ± 19.3 83.2 ± 26.6 71.1 ± 35.6 
eGFR category, ml/min/1.73 m 

2 

≥90 138 659 ( 55 ) 117 551 ( 58 ) 17 651 ( 47 ) 3457 ( 36 ) 
60–89 86 781 ( 35 ) 72 197 ( 35 ) 12 273 ( 33 ) 2311 ( 24 ) 
30–59 21 375 ( 9 ) 13 166 ( 6 ) 5962 ( 16 ) 2247 ( 23 ) 
< 30 3953 ( 2 ) 840 ( 0 ) 1524 ( 4 ) 1589 ( 17 ) 

Comorbidities 
Hypertension 137 537 ( 55 ) 109 149 ( 54 ) 22 959 ( 61 ) 5429 ( 57 ) 
Cardiovascular disease 45 458 ( 18 ) 32 299 ( 16 ) 10 404 ( 28 ) 2755 ( 29 ) 

Myocardial infarction 15 513 ( 6 ) 11 189 ( 5 ) 3463 ( 9 ) 861 ( 9 ) 
Congestive heart failure 16 378 ( 7 ) 10 217 ( 5 ) 4750 ( 13 ) 1411 ( 15 ) 
Peripheral vascular disease 9412 ( 4 ) 6189 ( 3 ) 2454 ( 7 ) 769 ( 8 ) 
Cerebrovascular disease 19 475 ( 8 ) 14 113 ( 7 ) 4295 ( 11 ) 1067 ( 11 ) 

Diabetes mellitus 83 171 ( 33 ) 63 635 ( 31 ) 15 851 ( 42 ) 3685 ( 38 ) 
Chronic infection 5011 ( 2 ) 3944 ( 2 ) 771 ( 2 ) 296 ( 3 ) 
COPD 34 147 ( 14 ) 27 209 ( 13 ) 5594 ( 15 ) 1344 ( 14 ) 
Rheumatic disease 9586 ( 4 ) 7267 ( 4 ) 1821 ( 5 ) 498 ( 5 ) 
Dementia 2523 ( 1 ) 1666 ( 1 ) 700 ( 2 ) 157 ( 2 ) 

Medication 
ACEi/ARBs 117 364 ( 47 ) 90 903 ( 45 ) 20 750 ( 55 ) 5711 ( 59 ) 
Calcium channel blocker 58 189 ( 23 ) 43 195 ( 21 ) 11 398 ( 30 ) 3596 ( 37 ) 
Beta-blocker 74 336 ( 30 ) 55 047 ( 27 ) 14 909 ( 40 ) 4380 ( 46 ) 
Diuretics 44 942 ( 18 ) 32 174 ( 16 ) 9460 ( 25 ) 3308 ( 34 ) 
Statins 75 301 ( 30 ) 59 236 ( 29 ) 12 823 ( 34 ) 3242 ( 34 ) 
NSAIDs 78 741 ( 31 ) 61 592 ( 30 ) 13 783 ( 37 ) 3366 ( 35 ) 

Continuous variables are reported as mean ± SD or median ( IQR ) , and categorical variables as N ( % ) . 
COPD, chronic obstructive pulmonary disease; NSAIDs, nonsteroidal anti-inflammatory agent. 
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ensitivity analyses 

esults in our sensitivity analyses were in general compatible 
ith our main analysis with a few exceptions. First, the associ-
tions of albuminuria with gastrointestinal tract and lung can- 
ers were attenuated to null in competing risk models ( Table 2 ) .
econd, elevated albuminuria categories were no longer signifi- 
antly associated with a higher risk of developing gastrointesti- 
al tract, lung and hematological cancers when excluding the 
rst year of follow-up, suggesting the possibility of reverse cau-
ation bias ( Supplementary data, Tables S4 and S5 ) . In subgroup
nalyses we found in the ACR cohort as well as the dipstick
lbuminuria cohort, a suggestion of heterogeneity by baseline 
GFR ( P interaction < .05, Fig. 3 ) ; however, the magnitude of the dif-
erences in the estimates of different eGFR subgroups was only
inor. We did not find evidence for effect modification by age,
ex or hypertension status in either cohort ( P interaction > .05 ) .
n addition, the associations of albuminuria with cancer were 
enerally unchanged when we additionally adjusted for HbA1c 
n the final models ( Supplementary data, Table S6 ) . Lastly, we
ound the associations of albuminuria with overall and urinary 
ract cancers were robust after we excluded the overlapped sub-
ects in the dipstick albuminuria cohort ( Supplementary data,
able S7 ) . 

ISCUSSION 

n this large cohort study of persons tested for albuminuria
nd eGFR in routine care, we observed consistent and dose-
ependent associations between increased levels of albumin- 
ria and risk of overall, urinary tract, gastrointestinal tract, lung
nd hematological cancers, independent of eGFR. The associa-
ions of albuminuria with overall and urinary tract cancer re-
ained significant in our sensitivity analyses. These findings
ere in general consistent between the primary study cohort,

n which albuminuria was determined as ACR on a continuous
cale, and the secondary cohort, in which albuminuria was de-
ermined as dipstick on a semi-quantitative scale. 

Prior studies have provided results on the association be-
ween albuminuria and cancer risk that varied considerably [ 10 ,
2 –15 , 17 , 26 ]. One of the possible explanations might be the dif-
erence in covariates for which the associations are adjusted, es-
ecially eGFR. For example, results of the Atherosclerosis Risk
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Table 2: Associations of albuminuria categories with the overall incidence of cancer and with incidence of site-specific cancers with an 
incidence of 0.5% or higher in the ACR and dipstick albuminuria cohorts during follow-up. 

KDIGO albuminuria 
categories, mg/g 

No. of 
events/participants 

IR per 1000 PY 
( 95% CI ) 

10-year crude 
incidence 
( %, 95% CI ) 

Conventional 
Cox proportional 
hazards model, 

crude HR 
( 95% CI ) a 

Conventional 
Cox proportional 
hazards model, 
adjusted HR 
( 95% CI ) a 

Fine and Gray 
hazards model, 
adjusted sHR 

( 95% CI ) b 

ACR cohort ( n = 250 768 ) 
Overall cancer 21 901/250 768 18.1 ( 17.8–18.3 ) 16.2 ( 16.0–16.5 ) 

< 30 16 403/203 754 16.8 ( 16.5–17.1 ) 15.4 ( 15.1–15.6 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 4429/37 410 23.8 ( 23.1–24.5 ) 20.2 ( 19.5–20.8 ) 1.42 ( 1.38–1.47 ) 1.23 ( 1.19–1.28 ) 1.15 ( 1.11–1.19 ) 
≥300 1069/9604 21.8 ( 20.5–23.1 ) 17.8 ( 16.6–18.9 ) 1.30 ( 1.22–1.38 ) 1.40 ( 1.31–1.50 ) 1.19 ( 1.12–1.27 ) 

Urinary tract cancer 1834/250 768 1.4 ( 1.4–1.5 ) 1.4 ( 1.3–1.5 ) 
< 30 1148/203 754 1.1 ( 1.1–1.2 ) 1.2 ( 1.1–1.2 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 541/37 410 2.7 ( 2.5–3.0 ) 2.3 ( 2.1–2.5 ) 2.45 ( 2.21–2.71 ) 1.91 ( 1.72–2.12 ) 1.79 ( 1.60–1.99 ) 
≥300 145/9604 2.8 ( 2.4–3.3 ) 2.3 ( 1.8–2.7 ) 2.49 ( 2.09–2.96 ) 2.33 ( 1.94–2.80 ) 2.00 ( 1.64–2.42 ) 

GI tract cancer 4777/250 768 3.8 ( 3.7–3.9 ) 3.7 ( 3.6–3.8 ) 
< 30 3605/203 754 3.5 ( 3.4–3.6 ) 3.5 ( 3.4–3.7 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 945/37 410 4.8 ( 4.5–5.1 ) 4.7 ( 4.4–5.1 ) 1.35 ( 1.26–1.46 ) 1.09 ( 1.02–1.18 ) 1.02 ( 0.94–1.09 ) 
≥300 227/9604 4.4 ( 3.8–5.0 ) 3.9 ( 3.3–4.5 ) 1.24 ( 1.08–1.41 ) 1.30 ( 1.13–1.49 ) 1.10 ( 0.96–1.27 ) 

Lung cancer 1641/250 768 1.3 ( 1.2–1.3 ) 1.3 ( 1.2–1.4 ) 
< 30 1189/203 754 1.2 ( 1.1–1.2 ) 1.2 ( 1.1–1.3 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 382/37 410 1.9 ( 1.7–2.1 ) 1.9 ( 1.7–2.2 ) 1.66 ( 1.48–1.86 ) 1.40 ( 1.25–1.58 ) 1.30 ( 1.15–1.47 ) 
≥300 70/9604 1.3 ( 1.0–1.7 ) 1.3 ( 1.0–1.7 ) 1.15 ( 0.91–1.47 ) 1.35 ( 1.05–1.73 ) 1.13 ( 0.88–1.45 ) 

Dipstick albuminuria cohort ( n = 433 850 ) 
Overall cancer 36 669/433 850 14.9 ( 14.7–15.1 ) 13.4 ( 13.3–13.6 ) 

< 30 29 089/353 442 14.1 ( 13.9–14.3 ) 12.9 ( 12.8–13.1 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 4471/49 757 17.4 ( 16.9–17.9 ) 15.0 ( 14.5–15.4 ) 1.22 ( 1.19–1.26 ) 1.18 ( 1.14–1.21 ) 1.12 ( 1.08–1.16 ) 
≥300 3109/30 651 22.0 ( 21.2–22.8 ) 17.4 ( 16.8–18.1 ) 1.53 ( 1.48–1.59 ) 1.34 ( 1.29–1.40 ) 1.21 ( 1.16–1.27 ) 

Urinary tract cancer 3087/433 850 1.2 ( 1.2–1.2 ) 1.1 ( 1.1–1.1 ) 
< 30 2050/353 442 0.9 ( 0.9–1.0 ) 0.9 ( 0.9–1.0 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 467/49 757 1.7 ( 1.6–1.9 ) 1.5 ( 1.3–1.6 ) 1.79 ( 1.62–1.98 ) 1.55 ( 1.40–1.72 ) 1.48 ( 1.33–1.63 ) 
≥300 570/30 651 3.8 ( 3.5–4.1 ) 2.7 ( 2.4–3.0 ) 3.87 ( 3.53–4.25 ) 2.84 ( 2.58–3.13 ) 2.58 ( 2.34–2.85 ) 

GI tract cancer 7162/433 850 2.8 ( 2.7–2.8 ) 2.7 ( 2.6–2.8 ) 
< 30 5716/353 442 2.7 ( 2.6–2.7 ) 2.6 ( 2.5–2.7 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 879/49 757 3.2 ( 3.0–3.5 ) 3.1 ( 2.9–3.3 ) 1.21 ( 1.13–1.30 ) 1.11 ( 1.04–1.19 ) 1.05 ( 0.98–1.13 ) 
≥300 567/30 651 3.8 ( 3.5–4.1 ) 3.4 ( 3.1–3.7 ) 1.39 ( 1.28–1.52 ) 1.12 ( 1.03–1.22 ) 1.00 ( 0.92–1.10 ) 

Lung cancer 2475/433 850 1.0 ( 0.9–1.0 ) 1.0 ( 0.9–1.0 ) 
< 30 1958/353 442 0.9 ( 0.9–0.9 ) 0.9 ( 0.9–0.9 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 322/49 757 1.2 ( 1.1–1.3 ) 1.2 ( 1.0–1.3 ) 1.31 ( 1.16–1.47 ) 1.23 ( 1.09–1.38 ) 1.15 ( 1.02–1.30 ) 
≥300 195/30 651 1.3 ( 1.1–1.5 ) 1.3 ( 1.1–1.5 ) 1.43 ( 1.23–1.66 ) 1.23 ( 1.06–1.43 ) 1.08 ( 0.93–1.26 ) 

a HRs and 95% CIs were derived from Cox proportional hazards regression models. 
b sHRs and 95% CIs were derived from Fine and Gray hazards regression models. 
Models were adjusted for age, sex, education, hypertension, cardiovascular diseases, diabetes, chronic infection, COPD, rheumatic disease, dementia, ACEi/ARB, statins, 
NSAIDs, diuretics and eGFR. 
COPD, chronic obstructive pulmonary disease; GI tract, gastrointestinal tract; IR, incidence rate; NSAIDs, nonsteroidal anti-inflammatory agents; PY, person-years. 
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n Communities study from the USA, in which the investiga- 
ors adjusted for eGFR, showed that albuminuria was associated 
ith an increased risk of prostate cancer, while the Norwegian 
romsø study, in which the investigators did not adjust for eGFR,
id not show an association between albuminuria and prostate 
ancer [ 10 , 14 ]. Another possible explanation for the variation in 
esults between studies is the difference in albuminuria mea- 
urement techniques that were used. For instance, the Korean 
ational Health Insurance System study reported that dipstick 
roteinuria was associated with the incidence of several gas- 
rointestinal tract cancers, while the UK Biobank study did not 
nd an association between continuously measured ACR and 
hese cancers [ 12 , 16 ]. We tried to resolve these discrepancies 
y adjusting for eGFR and separating the albuminuria methods 
n two parallel cohorts. When doing so, we found that associa- 
ions in general were stronger in the ACR cohort. This is in line 
ith our hypothesis that because ACR is more accurate to quan- 
ify albuminuria when compared with the measurement of dip- 
tick albuminuria, it may also be more accurate to predict risk.
urthermore, our findings suggest that the association of albu- 
inuria with cancer incidence is independent of eGFR, meaning 

hat albuminuria captures risk not captured by eGFR, or that the 
echanism connecting albuminuria to cancer risk may, at least 

n part, go beyond the role of kidney function. Of note, although 
e found significant interaction by baseline eGFR, the albumin- 
ria cancer risk association was significant in subjects with im- 
aired as well as preserved kidney function, and the strength of 
he association differed only slightly in these two subgroups. 

To date, mechanisms underlying the association of albumin- 
ria with the risk of cancer independent of eGFR are largely un-
nown, although several hypotheses have been proposed. First,
hronic inflammation can lead to not only increased glomeru- 
ar albumin permeability [ 27 ], but also to carcinogenesis and tu- 
or growth [ 28 ]. Second, albuminuria is considered a sign of 
ndothelial dysfunction, which can stem from increased reac- 
ive oxygen species ( ROS ) production. ROS-induced DNA damage 
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Figure 2: Associations of albuminuria with overall cancer risk in subjects from 

the ACR cohort ( A ) and the dipstick albuminuria cohort ( B ) . 

The spline ( A ) shows the association of albuminuria with the risk of overall 
cancer in 250 768 subjects from the ACR cohort. Data were fitted by Cox pro- 
portional hazards regression models based upon restricted cubic splines with 

3 knots and adjusted for age, sex, education, hypertension, cardiovascular dis- 
ease, diabetes, chronic infection, COPD, rheumatic disease, dementia, ACEi/ARB, 
statins, NSAIDs, diuretics and eGFR. The histogram represents the albuminuria 
distribution. The spline curve is truncated at the 1.0th and 99.0th percentile of 

the distribution curve.Data are reported as HRs and 95% CIs ( shaded in gray ) . The 
reference standard for albuminuria is 8.0 mg/g. P-value for nonlinear association 
is P = 0.78. The Kaplan Meier curve ( B ) presents the survival function of 433 850 
subjects of the dipstick albuminuria cohort. Abbreviations: COPD, chronic ob- 

structive pulmonary disease; NSAIDs, nonsteroidal anti-inflammatory agent. 
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nd apoptosis are crucial to the development of cancer [ 29 ].
hird, albuminuria per se can reflect activation of the renin–
ngiotensin system, which can stimulate pro-cancerous mi- 
ieus through tissue remodeling, angiogenesis and apoptosis 
 30 ]. Future studies are warranted to verify these hypothe-
es. Fourth, several medications ( e.g. erythropoiesis-stimulating 
gents and immunosuppressive drugs ) can be prescribed to pa- 
ients with higher albuminuria if they progressed to advanced 
KD. These medications are reported to be associated with can-
er risk [ 31 , 32 ] and may mediate the albuminuria cancer as-
ociation. Future studies are warranted to verify these possible 
echanisms. 
An important addition of our study to the field is the
bility to consider potential bias relevant to observational stud-
es when interpreting these associations. For example, compet-
ng risk analyses suggested that persons with increased albu-
inuria are more likely to die than to develop gastrointestinal

ract and lung cancers, in line with studies linking albuminuria
ith non-cancer mortality risk [ 33 ]. The cause-specific hazard

or non-cancer mortality associated with increased albuminuria 
an also lead to an evident decrease in the cumulative incidence
or melanoma, breast cancer and prostate cancer even when al-
uminuria has no effect on the cause-specific hazard for these
ancer incidences ( Table 4 and Supplementary data, Table S8 )
 34 ]. Second, the associations of albuminuria with some cancers
ere not robust in our 1-year landmark analysis, suggesting po-
ential reverse causation bias ( i.e. that the testing is related to
he processes of investigation leading to a diagnosis ) . Third, we
ere able to study the choice of the albuminuria measurement
echnique as a possible source of selection bias in healthcare-
ased databases. Dipstick albuminuria is mainly indicated for
nitial screening in primary care, and ACR is often for the con-
rmatory quantification of urinary albumin in persons with a
ositive dipstick test or in persons at high risk for albuminuria
 1 ]. We argue that the indications for these tests and hence the
ype of population selected differ, justifying our decisions to sep-
rate in our study these methods in two parallel cohorts. Al-
hough the albuminuria–cancer risk association was quantita- 
ively stronger in the ACR cohorts compared with the dipstick
ohorts, the qualitatively consistent results in the ACR and dip-
tick albuminuria cohorts indicate that the albuminuria–cancer 
ssociations are robust among persons with different overall
isks for albuminuria. 

Notably, urinary tract cancer was the only site-specific can-
er that is persistently observed to be associated with albumin-
ria. In another study from the SCREAM project eGFR was also
ound to be associated with a higher risk of urinary tract can-
er [ 5 ]. These findings may have practical consequences. In pa-
ients with microscopic hematuria, it is currently recommended 
o first conduct a risk evaluation to select persons at high risk for
ystoscopy and imaging examinations, as such to reduce inva-
ive and costly screening for urinary tract cancer [ 35 ]. Given our
ndings, albuminuria and eGFR can be added to the list of pos-
ible risk factors predisposing for urinary tract cancer. Whether
nd how much albuminuria and eGFR can independently or
ultiplicatively add to this pre-screening risk profile should be
 topic of future research. 

Our study has additional strengths, including a large sam-
le size and general population representativeness, which al-
ows us to examine the association of albuminuria with the risk
f site-specific cancers that have a low incidence. Our unique
tudy setting, involving real-world patients from a country with
niversal free healthcare, minimizes selection bias caused by
isparate access to healthcare across population subgroups.
imitations of our study include the inability to disentan-
le causality because of its observational nature. Our median
ollow-up of 4.3 years might be considered too short to inves-
igate some cancer outcomes due to the possible latency period
f cancer development. We were unable to adjust for some con-
ounders ( e.g. alcohol, smoking and blood pressure ) that were
ot available in the SCREAM project. Lastly, we acknowledge that
here may be overlap in the subjects included in both cohorts
 i.e. the same patient may have been tested for dipstick and for
CR throughout the course of their disease ) . However, given the
ssentially unchanged results of the sensitivity analysis exclud-
ng the overlapped subjects in the dipstick albuminuria cohort,
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Table 3: Adjusted HRs ( and 95% CIs ) for overall cancer incidence by KDIGO albuminuria and eGFR cross categories. 

KDIGO albuminuria categories ( mg/g ) 

eGFR, mL/min/1.73 m 

2 A1 < 30 A2 30–299 A3 ≥300 

ACR cohort ( n = 250 768 ) 
> 90 1.00 ( ref ) 1.21 ( 1.14–1.27 ) 1.35 ( 1.20–1.53 ) 
60–89 0.92 ( 0.89–0.95 ) 1.13 ( 1.07–1.19 ) 1.38 ( 1.23–1.54 ) 
30–59 0.88 ( 0.83–0.93 ) 1.12 ( 1.04–1.20 ) 1.30 ( 1.16–1.46 ) 
< 30 0.96 ( 0.79–1.17 ) 1.40 ( 1.22–1.61 ) 1.20 ( 1.03–1.39 ) 

Dipstick albuminuria cohort ( n = 433 850 ) 
> 90 1.00 ( ref ) 1.17 ( 1.12–1.23 ) 1.37 ( 1.28–1.46 ) 
60–89 0.94 ( 0.92–0.97 ) 1.08 ( 1.03–1.14 ) 1.24 ( 1.17–1.32 ) 
30–59 0.88 ( 0.84–0.93 ) 1.12 ( 1.03–1.22 ) 1.28 ( 1.18–1.38 ) 
< 30 1.10 ( 0.97–1.25 ) 1.38 ( 1.16–1.65 ) 1.17 ( 1.02–1.35 ) 

HRs and 95% CIs were derived from Cox proportional hazards regression models. 
HRs and 95% CIs of the combined albuminuria and eGFR categories were calculated by models adjusted for age, sex, education, hypertension, cardiovascular diseases, 

diabetes, chronic infection, COPD, rheumatic disease, dementia, ACEi/ARB, statins, NSAIDs and diuretics. 
COPD, chronic obstructive pulmonary disease; NSAIDs, nonsteroidal anti-inflammatory agents. 

Table 4: Associations of albuminuria categories with the incidence of other site-specific cancers with an incidence of 0.5% or higher in the 
ACR and dipstick albuminuria cohort during the total follow-up. 

KDIGO albuminuria 
categories, mg/g 

No. of events/ 
participants 

IR per 1000 PY 
( 95% CI ) 

10-year crude 
incidence 
( %, 95% CI ) 

Conventional 
Cox proportional 
hazards model, 

crude HR 
( 95% CI ) a 

Conventional 
Cox proportional 
hazards model, 
adjusted HR 
( 95% CI ) a 

Fine and Gray 
hazards model, 
adjusted sHR 

( 95% CI ) b 

ACR cohort ( n = 250 768 ) 
Melanoma 1570/250 768 1.2 ( 1.2–1.3 ) 1.3 ( 1.2–1.3 ) 

< 30 1279/203 754 1.2 ( 1.2–1.3 ) 1.3 ( 1.2–1.4 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 244/37 410 1.2 ( 1.1–1.4 ) 1.3 ( 1.1–1.5 ) 0.98 ( 0.86–1.13 ) 0.90 ( 0.78–1.03 ) 0.83 ( 0.73–0.96 ) 
≥300 47/9604 0.9 ( 0.7–1.2 ) 0.9 ( 0.6–1.2 ) 0.72 ( 0.54–0.96 ) 0.80 ( 0.59–1.08 ) 0.68 ( 0.50–0.92 ) 

Breast cancer ( in women ) 2116/119 426 3.5 ( 3.3–3.6 ) 3.5 ( 3.3–3.6 ) 
< 30 1776/98 566 3.6 ( 3.4–3.8 ) 3.5 ( 3.3–3.7 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 288/16 600 3.3 ( 3.0–3.7 ) 3.4 ( 3.0–3.9 ) 0.93 ( 0.82–1.05 ) 0.92 ( 0.81–1.04 ) 0.85 ( 0.75–0.96 ) 
≥300 52/4260 2.2 ( 1.7–2.9 ) 2.4 ( 1.7–3.2 ) 0.62 ( 0.47–0.82 ) 0.81 ( 0.61–1.07 ) 0.69 ( 0.52–0.92 ) 

Prostate cancer ( in men ) 4160/131 342 6.4 ( 6.2–6.6 ) 6.1 ( 5.9–6.3 ) 
< 30 3284/105 188 6.4 ( 6.2–6.6 ) 6.1 ( 5.9–6.4 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 722/20 810 6.6 ( 6.1–7.1 ) 6.1 ( 5.6–6.7 ) 1.04 ( 0.96–1.12 ) 0.90 ( 0.82–0.97 ) 0.85 ( 0.78–0.92 ) 
≥300 154/5344 5.4 ( 4.6–6.3 ) 5.2 ( 4.3–6.2 ) 0.85 ( 0.72–1.00 ) 0.86 ( 0.73–1.02 ) 0.74 ( 0.63–0.88 ) 

Hematological cancer 1534/250 768 1.2 ( 1.1–1.3 ) 1.0 ( 1.0–1.1 ) 
< 30 1085/203 754 1.1 ( 1.0–1.1 ) 1.0 ( 0.9–1.0 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 359/37 410 1.8 ( 1.6–2.0 ) 1.4 ( 1.2–1.5 ) 1.74 ( 1.54–1.96 ) 1.53 ( 1.35–1.73 ) 1.44 ( 1.27–1.64 ) 
≥300 90/9604 1.7 ( 1.4–2.1 ) 1.2 ( 0.9–1.5 ) 1.66 ( 1.34–2.06 ) 1.64 ( 1.30–2.06 ) 1.44 ( 1.14–1.83 ) 

Dipstick albuminuria cohort ( n = 433 850 ) 
Melanoma 2659/433 850 1.0 ( 1.0–1.1 ) 1.1 ( 1.0–1.1 ) 

< 30 2239/353 442 1.0 ( 1.0–1.1 ) 1.1 ( 1.0–1.1 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 259/49 757 1.0 ( 0.8–1.1 ) 1.0 ( 0.8–1.1 ) 0.93 ( 0.82–1.06 ) 0.92 ( 0.81–1.04 ) 0.87 ( 0.76–0.99 ) 
≥300 161/30 651 1.1 ( 0.9–1.2 ) 1.1 ( 0.9–1.3 ) 1.05 ( 0.90–1.24 ) 0.97 ( 0.82–1.14 ) 0.86 ( 0.72–1.02 ) 

Breast cancer ( in women ) 4109/237 490 2.9 ( 2.8–3.0 ) 2.8 ( 2.7–2.9 ) 
< 30 3540/198 001 2.9 ( 2.8–3.0 ) 2.9 ( 2.8–3.0 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 364/25 042 2.7 ( 2.4–3.0 ) 2.6 ( 2.3–2.9 ) 0.93 ( 0.83–1.03 ) 0.97 ( 0.87–1.08 ) 0.92 ( 0.82–1.02 ) 
≥300 205/14 447 2.9 ( 2.5–3.3 ) 2.9 ( 2.4–3.3 ) 1.00 ( 0.87–1.15 ) 1.04 ( 0.90–1.20 ) 0.94 ( 0.81–1.09 ) 

Prostate cancer ( in men ) 6985/196 360 6.3 ( 6.1–6.4 ) 5.7 ( 5.6–5.9 ) 
< 30 5599/155 441 6.2 ( 6.0–6.3 ) 5.7 ( 5.6–5.9 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 843/24 715 6.4 ( 6.0–6.9 ) 5.7 ( 5.3–6.1 ) 1.03 ( 0.96–1.11 ) 0.96 ( 0.89–1.03 ) 0.92 ( 0.85–0.99 ) 
≥300 543/16 204 7.0 ( 6.5–7.6 ) 5.9 ( 5.3–6.5 ) 1.11 ( 1.02–1.21 ) 0.92 ( 0.84–1.01 ) 0.83 ( 0.76–0.91 ) 

Hematological cancer 1973/433 850 0.8 ( 0.7–0.8 ) 0.7 ( 0.7–0.8 ) 
< 30 1490/353 442 0.7 ( 0.7–0.7 ) 0.7 ( 0.6–0.7 ) 1.00 ( ref ) 1.00 ( ref ) 1.00 ( ref ) 
30–299 280/49 757 1.0 ( 0.9–1.2 ) 0.9 ( 0.8–1.1 ) 1.48 ( 1.30–1.68 ) 1.35 ( 1.18–1.53 ) 1.28 ( 1.12–1.45 ) 
≥300 203/30 651 1.3 ( 1.2–1.5 ) 1.1 ( 0.9–1.3 ) 1.90 ( 1.64–2.20 ) 1.51 ( 1.30–1.75 ) 1.36 ( 1.17–1.58 ) 

a HRs and 95% CIs were derived from Cox proportional hazards regression models. 
b sHRs and 95% CIs were derived from Fine and Gray hazards regression models. 
Models were adjusted for age, sex, education, hypertension, cardiovascular diseases, diabetes, chronic infection, COPD, rheumatic disease, dementia, ACEi/ARB, statins, 
N  not ad
C

SAIDs, diuretics and eGFR. Models analyzing breast and prostate cancers were

OPD, chronic obstructive pulmonary disease; GI tract, gastrointestinal tract; IR, incide
justed for sex. 
nce rate; NSAIDs, nonsteroidal anti-inflammatory agents; PY, person-years. 
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Figure 3: Subgroup analyses investigating effect modification of the association 
of albuminuria ( < 30 versus ≥30 mg/g ) with overall cancer risk by age, sex, hy- 
pertension, diabetes and eGFR, for subjects of the ACR cohort ( A ) and subjects of 
the dipstick albuminuria cohort ( B ) . 
HRs and 95% CIs were derived from Cox proportional hazards regression mod- 
els. HRs were adjusted for age, sex, education, hypertension, cardiovascular dis- 
eases, diabetes, chronic infection, COPD, rheumatic disease, dementia, ACEi/ARB, 

statins, NSAIDs, diuretics and eGFR. COPD, chronic obstructive pulmonary dis- 
ease; NSAIDs, nonsteroidal anti-inflammatory agent. 
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e feel that overlapping cannot fully explain the consistency of 
ndings. 
In conclusion, this study shows that increased albuminuria is 

ssociated with a higher risk of overall cancer independently of
GFR, and the risk association is mainly attributable to the risk of
he urinary tract, gastrointestinal tract, lung and hematological 
ancers. 
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