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To the Editor,

Increased albuminuria, together with impaired estimated
glomerular filtration rate (eGFR), is an essential marker of
chronic kidney disease [1]. Although it has consistently been
shown that there is an independent association between albu-
minuria and cancer incidence, mechanisms connecting albu-
minuria to cancer (particularly mechanisms beyond the role of
kidney function) are largely unknown [2].

Determining potential mediators of the albuminuria-cancer
link in epidemiological studies can provide key insights that will
help shift from broad hypotheses to targeted mechanistic inves-
tigations. Currently, there is a paucity of knowledge on these me-
diators. This study therefore aimed to investigate in a prospec-
tive cohort study the extent to which a set of literature-based
markers mediate the albuminuria cancer association.

For this investigation, we analysed data from the Preven-
tion of Renal and Vascular End-stage Disease (PREVEND) study, a
population-based cohort of 8592 Dutch men and women aged 28
to 75 years that by design was enriched for subjects with higher
levels of albuminuria. Details of the PREVEND study have been
reported previously [3]. Exclusion criteria were being on or hav-

ing a history of dialysis, as well as missing values for kidney
function and the mediator for the corresponding analysis.
Albuminuria was quantified as the average of two 24-hour
urine albumin excretion (UAE) values of each subject obtained
at baseline, and expressed as mg per 24 hours. Based upon prior
literature, we chose to study markers as potential mediators in
this study that are relevant to the mechanisms of systemic in-
flammation, oxidative stress, activation of the renin-angiotensin
system, endothelial dysfunction, growth factors, comorbidities
and osmotic effects (particularly for urinary tract cancer) (Fig. 1)
[4]. Primary outcome was the incidence of overall cancer. We
defined secondary outcomes as the incidence of urinary tract
cancer (defined as the sum of urothelial cell carcinoma and
kidney cancer) and lung cancer, as previous studies consistently
demonstrated an association between albuminuria and these
specific cancer types [5, 6]. Data on cancer incidence were
retrieved by record linkage with the Dutch Pathology Registry
(Palga) which has a virtually complete national coverage [7].
UAE was analysed as a continuous term on the log2-
transformed scale (i.e. per doubling of urine albumin) and as a
categorical term with a cut-off of 30 mg/24 h to define increased
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Figure 1: Graph of potential mediating pathways between albuminuria and cancer. Black arrows indicate possible causal pathways, and grey arrows indicate potential
confounding pathways. eGFR was investigated as mediator, but also used to adjust for when investigating the potential mediating role of other markers. BMI, body
mass index; CT-proET-1, C-terminal pro-endothelin-1; eGFR, estimated glomerular filtration rate; y-GT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein
cholesterol; hs-CRP, high-sensitive C-reactive protein; MR-proADM, mid-regional pro-adrenomedullin; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PAI-1,

plasminogen activator inhibitor-1; Prx4, peroxiredoxin 4.

albuminuria. Cox regression models were first used to investi-
gate the association of UAE with time to cancer incidence. We
continued with linear regression analyses to identify potential
mediators associated with UAE. In case significant associations
were found, we conducted Cox regression models that were ad-
ditionally adjusted for potential mediators and performed me-
diation analyses to examine whether and how much these po-

tential mediators explain the association between UAE and can-
cer incidence. We used the mediation R-package to estimate me-
diation within the counterfactual framework described by Imai
et al. [8]. All regression analyses were adjusted for clinically im-
portant confounders, including baseline eGFR (assessed by the
2012 combined creatinine cystatin C-based CKD-EPI equation)
[9]. eGFR was investigated as a mediator, but also used to
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adjust for when investigating the potential mediating role of
other markers. More details of the methodology are provided in
the supplementary materials.

The study population consisted of 8490 subjects, that
were predominantly whites, 50% were female, and their
mean age was 49.8 + 12.7 years. Median baseline UAE
was 9.4 (IQR, 6.3-17.8) mg/24 h and their mean base-
line eGFR was 94.6 + 17.2 ml/min/1.73 m? (Table S1, see
online supplementary material).

During a median follow-up of 17.7 years, 1341 subjects devel-
oped cancer. In Cox regression analyses, higher UAE was asso-
ciated with a higher risk of overall cancer incidence (Table S2,
model 1, see online supplementary material). Linear regression
analyses showed that UAE was significantly associated with hs-
CRP, y-GT, plasma albumin, serum uric acid, Prx4, serum free thi-
ols, CT-proET-1, MR-proADM, erythropoietin, NT-proBNP, eGFR
and copeptin (Table S3, see online supplementary material). Af-
ter additionally adjusting for these mediators, the association
between UAE and overall cancer incidence was slightly attenu-
ated, suggesting possible mediation by these markers (Table S2,
model 2, see online supplementary material). The mediation
analyses showed that hs-CRP, erythropoietin, NT-proBNP, and
eGFR explained 8.4% (95% CI, 2.8%-20.4%), 9.6% (95% CI, 2.5%-
57.2%), 14.3% (95% CI, 6.6%-29.4%), and 5.2% (95% CI, 1.5%-12.8%),
respectively, of the association between UAE and overall cancer
incidence (Table 1). Regarding potential mediators of the associ-
ation between UAE and the incidence of urinary tract cancer and
lung cancer, we found that the associations for urinary tract can-
cer and lung cancer were also partly explained by hs-CRP, and
for lung cancer also by CT-proET-1, MR-proADM, and NT-proBNP,
respectively. The contribution of these mediators was indepen-
dent of kidney function.

Though largely unknown, accumulating evidence suggests
that the mechanism linking albuminuria to cancer should at
least in part go beyond the role of kidney function [5, 6]. This
is concordant with our results that eGFR only partly mediates
the association between albuminuria and overall cancer inci-
dence, and that other mediating pathways we found significant
in this study remained significant after controlling for eGFR. Of
the various mediators tested in this study, hs-CRP, an acute-
phase protein characterizing systemic inflammation, is the only
marker that consistently mediates the association between al-
buminuria and the incidence of cancer (overall, urinary tract
as well as lung cancer). This suggests that systemic inflamma-
tion serves as a potent shared mediating pathway for various
cancer types. Several considerations are crucial for us to po-
sition inflammation as a potential mediator of the albumin-
uria cancer association. First, while inflammation can patho-
logically promote albuminuria, it is also plausible that albu-
minuria reflects a leakage of albumin and other plasma macro-
molecules (e.g. low-density lipoproteins) in the interstitial space
which can stimulate pro-inflammatory processes [10], leading
to a carcinogenic micro-milieu [11]. Second, the mediating ef-
fects of inflammation should be cautiously interpreted because
of potential lead time bias (e.g. urinary tract infection increases
the chance of screening for urinary tract cancer). However, we
found no strong evidence for such type of bias because our 1-
year landmark analysis (in which a diagnosis of cancer within
the first year after the baseline screening was deleted from
the analyses) showed essentially similar results (Table S4, see
online supplementary material).

Notably, our findings also indicate that the associations of
albuminuria with the incidence of different cancer types are
mediated by distinct markers, representing unique pathways.

For example, markers relevant to endothelial dysfunction (i.e.
CT-proET-1 and MR-proADM) and comorbid heart failure (i.e.
NT-proBNP) mediate the association for lung cancer incidence,
which did not hold for the associations for the incidence of over-
all or urinary tract cancer. Although this might be a power issue,
an alternative explanation is that pathways linking albuminuria
to cancer can vary across different cancer types. For instance,
comorbid heart failure may exclusively mediate the association
for lung cancer, based on the assumption that pulmonary vas-
cular remodeling secondary to heart failure may exert local-
ized stimuli on developing pro-carcinogenic milieu in the lungs
[12, 13]. still, we cannot rule out the possible contribution of the
pathways that we did not find significant evidence for in this
study, given that potential mediators investigated in the present
study are yet to characterize relevant pathways fully. This study
therefore also provides implications for future studies to explore
other potential mediators. Other implications of this study in-
clude the need for further investigations to corroborate the path-
ways suggested in the present study and examine the interplays
of these mediators (i.e. how they may causally connect to one
another) [4, 14].

Our study has several strengths and limitations. To our
knowledge, this is the first study investigating potential medi-
ators of the albuminuria cancer association. Albuminuria and
eGFR were quantified in the best manner available (i.e. two 24-
hour UAE measurements and creatinine cystatin C-based eGFR).
Other strengths include a long follow-up and pathologically veri-
fied cancer outcomes. Limitations contain possible residual con-
founding due to the observational nature of PREVEND as in all
observational studies.

In conclusion, this study found that several markers, espe-
cially hs-CRP as a marker of systemic inflammation, mediate
the albuminuria cancer association independent of kidney func-
tion. Our data provide a rationale for targeted investigations into
mechanisms underlying the albuminuria-cancer association in
future studies.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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