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Purpose: To examine whether serum levels of potassium and sodium were associated with
long-term cancer risk in initially healthy men.

Patients and Methods: A cohort of 1994 initially healthy men with no use of medication,
aged 40-59 years, was followed for cancer during 40 years of follow-up. Associations
between fasting electrolyte levels and cancer risk were assessed with incidence rates and
Cox proportional hazards models.

Results: Potassium, but not sodium, was linearly associated with cancer risk. This
association remained significant after adjustment of several potential confounding factors,
and also after excluding the first 10 years of follow-up. The age-adjusted risk of all-site
cancer increased with 16% for each SD increase in potassium level. Men with hyperka-
lemia showed an incidence rate that was 40% higher than for men with normal potassium
levels.

Conclusion: Fasting serum potassium level in healthy men was positively associated with
long-term cancer risk. Potassium or potassium ion channels may have a role in cell
proliferation or differentiation. These findings might imply future cancer strategies for
targeting individuals with high serum potassium levels.

Keywords: cancer incidence, cell proliferation, electrolyte levels, epidemiology, prospective
cohort study

Introduction

Electrolyte levels of potassium and sodium have been a topic of interest in the
aetiology of cancer for many years. In the 1980s, several observations aroused
suspicion of cancer being associated with dietary or body content of potassium and
sodium.'* More recently, the nature and function of specific ion channels have been
suggested to be involved in tumor development and progression.>™®

Moreover, elevated levels of potassium and lowered levels of sodium have been

found in patients with various types of cancer,” !

probably due to oxidative
damage'? or cancer cell lysis.'*'* Thus, extracellular electrolyte concentration
may be linked to the diagnosis of cancer, either because the electrolyte composition
may facilitate cancer development or result from an ongoing undetected cancer
disease. However, the associations between potassium or sodium and development
of cancer have not been studied in healthy individuals.

In the current study, we aimed to prospectively examine relationships between
fasting serum levels of sodium and potassium in initially healthy middle-aged and

the incidence of cancer during 40 years of follow-up.
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Materials and Methods

Data Sources

The Oslo Ischemia Study is a comprehensive health survey
that was established in 1972 aimed to examine risk factors
for coronary heart disease and other cardiovascular dis-
eases in a healthy male population. A total of 2341 male
employees in five companies in Oslo, Norway, aged 4059
years, invited to participate in the period
August 1972-March 1975. Inclusion of the study required
the absence of any disorders and no use of medication last
14 days. Among those invited, 2014 (86%) agreed to
participate and completed the study protocol. At inclusion,

were

all participants underwent a comprehensive review of
medical history, clinical and physical examinations
(including measurements of body height and weight),
a panel of blood tests, and a maximal exercise tolerance
bicycle test. In addition, information on lifestyle variables
(eg, smoking habits) was collected with a questionnaire.
Detailed selection and implementation procedures have
previously been reported.'>"”

The outcome of the study was the incidence of all-site
cancer- and site-specific cancers. Information on cancer
and vital status were obtained by linking the cohort data
to the Cancer Registry of Norway using the 11-digit per-
sonal identification number assigned all Norwegian citi-
zens after 1960. The Cancer Registry has registered data
on all cancer diagnosed since 1953. Mandatory reporting
on all malignancies from several independent sources
ensures data completeness and high data quality, whereof
the proportion of morphologically verified cases was
94%.'® The cancer data obtained comprised information
on cancer site based on the 7th (in the former period,
1970-1992) and 10th (in the latter period; 1993-present)
edition of the World Health Organization’s International
Classification of Diseases and date of diagnosis.

At inclusion, all participants provided informed consent
according to the Declaration of Helsinki. In the 1990s, after
increased awareness of privacy, the Data Protection
Authority retrospectively reviewed the inclusion process for
the Oslo Ischemia Study and judged participation to be in
accordance with provisions on written informed consent. The
study has further been approved by the Regional Committees
for Medical and Health Research Ethics, Norway.

Variables
Blood samples for determination of sodium and potas-
sium were performed after at least 12 h fasting and 8

h abstaining from smoking. Repeated analysis of the
blood samples showed high accuracy.'® The electrolytes
were considered both as continuous and as categorical
variables. The continuous relationship was given per 1
standard deviation (SD) increase. Potassium level below
the normal range was categorized as hypokalemia (<3.5
mmol/L), and as hyperkalemia if above (>5.0 mmol/L)."
Sodium levels were categorized as hyponatremia if <136
mmol/L*° and as hypernatremia if >145 mmol/L.?!
Normal levels were divided into three equally spaced
categories both for potassium (3.6—4.0, 4.1-4.5, and
4.6-5.0 mmol/L) and sodium (136-138, 139-142, and
143—-145 mmol/L). The ratio of sodium to potassium was
calculated as a measure of the electrical potential of the
cell.

Body mass index was calculated based on the indivi-
dual’s measured body height and weight at baseline (kg/
m?). Physical fitness was measured as the total work (ie,
sum of the work performed in a bicycle test) divided by
body weight (kJ/kg). Information on smoking habits was
collected by questionnaire, and individuals were categor-
ized as “never”, “former”, or “present” smokers. The
erythrocyte sedimentation rate was determined by the
Westergren method (mm/hour). In addition, serum creati-
nine (mg/dL), triglyceride (mmol/L), and total cholesterol
(mmol/L) were measured in all subjects.

The cohort of men was followed for cancer throughout
2012. Of the 2014 men included, we excluded two men with

Table | Baseline Characteristics of the Study Cohort, N=1994
Initially Healthy Men

Characteristic Mean Standard Deviation
Age (years) 49.8 55
Weight (kg) 76.8 9.9
Height (cm) 176.8 6.2
Body mass index (kg/m?) 24.6 2.8
Physical fitness (kJ/kg) 1.43 0.56
Potassium (mmol/L)? 4.35 0.35
Sodium (mmol/L)® 141.2 35
Potassium-to-sodium ratio™” 327 28
Triglycerides (mmol/L) 1.32 0.71
Cholesterol (mmol/L) 6.7 1.2
Creatinine (mg/dL) 0.93 0.15
Sedimentation rate (mm/hour) 74 6.7
Smoking, Never [n(%)] 502 25.2
Former [n(%)] 619 31.0
Present [n(%)] 873 43.8

Notes: Data are mean (standard deviation) unless otherwise stated. *Missing
information for potassium in 5 men. °Missing information for sodium in 88 men.
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missing vital status data and 15 men due to cancer diagnosis
prior to the date of the examination. Further, three men did
not obtain values for neither potassium nor sodium. Thus,
1994 men remained in the cohort for statistical analyses.

Statistical Analyses
Descriptive analyses were conducted for baseline char-
acteristics and presented as frequencies, proportions,
mean, SD, and range. Test for trend across ordered
categories of potassium and sodium was performed by
a Wilcoxon test.

The men were followed longitudinally from the date of
examination (baseline) to the date of cancer diagnosis,

death, emigration, age of 85 years, or the end of follow-
up, whichever occurred first.

The absolute risk of all-site cancer by levels of elec-
trolyte concentration was presented as age-adjusted inci-
dence rates per 1000 person-years. Graphically, the
cumulative incidence of all-site cancer in the presence
of competing risk was obtained through the Aalen-
Johansen estimator.

The relative risk of all-site cancer was explored through
a set of Cox-regression models. To explore the potential bias
caused by death as a competing event, a similar set of regres-
sion model was performed with death without previous cancer

as the event of interest.

Table 2 Baseline Characteristics of the Study Cohort Stratified by Fasting Level of (A) Potassium and (B) Sodium (mmol/L) in Five

Groups
A Hypokalemia Normal-Low Normal-Intermediate Normal-High Hyperkalemia
Characteristic <3.5 3.6-4.0 4.1-4.5 4.6-5.0 >5.0
n=19 n=330 n=1155 n= 435 n=50
Age (years) 48.8 (5.1) 48.6 (5.6) 49.8 (5.5) 50.6 (5.3) 51.6 (4.5)
Weight (kg) 75.9 (7.9) 77.1 (10.1) 77.3 (9.7) 75.6 (10.3) 74.4 (9.8)
Height (cm) 174.6 (5.7) 177.0 (6.4) 176.8 (6.2) 176.5 (6.1) 177.3 (5.8)
Body mass index (kg/m?) 24.9 (2.2) 24.6 (2.9) 24.7 (2.7) 242 (2.7) 23.6 (2.7)
Physical fitness (kJ/kg) 1.52 (0.64) 1.53 (0.63) 1.43 (0.56) 1.38 (0.52) 1.32 (0.44)
Triglycerides (mmol/L) 1.39 (0.67) 1.27 (0.66) 1.37 (0.76) 1.25 (0.64) 1.27 (0.48)
Cholesterol (mmol/L) 7.1 (1.4) 6.5 (1.2) 6.7 (1.2) 6.6 (1.3) 6.7 (1.1)
Creatinine (mg/dL) 0.98 (0.13) 0.92 (0.16) 0.93 (0.15) 0.93 (0.16) 0.97 (0.16)
Sedimentation rate (mm/hour) 73 (7.2) 6.2 (5.1) 7.3 (6.6) 8.2 (7.2) 8.7 (8.5)
Sodium (mmol/L) 139.6 (2.6) 140.8 (3.5) 141.2 (4.5) 141.6 (3.5) 143.0 (4.5)
Smoking, Never [n(%)] Il (57.9) 105 (31.8) 278 (24.1) 98 (22.5) 8 (16.0)
Former [n(%)] 2 (10.5) 123 (37.3) 374 (32.4) 107 (24.6) 13 (26.0)
Present [n(%)] 6 (31.6) 102 (30.9) 503 (43.6) 230 (52.9) 29 (58.0)
B Hyponatremia Normal-low Normal-intermediate Normal-high Hypernatremia
<136 136-138 139-142 143-145 >145
n=55 n=331 n=927 n=411 n=182
Age (years) 50.0 (5.2) 50.1 (5.3) 49.6 (5.6) 49.6 (5.4) 49.9 (54)
Weight (kg) 78.1 (10.4) 76.8 (10.3) 76.9 (9.5) 77.0 (10.5) 76.0 (9.9)
Height (cm) 176.0 (6.5) 176.7 (6.4) 176.9 (6.2) 177.2 (6.2) 175.8 (5.8)
Body mass index (kg/m?) 25.1 (2.5) 24.6 (2.8) 24.6 (2.8) 245 (2.8) 24.6 (2.7)
Physical fitness (kj/kg) 1.33 (0.55) 1.44 (0.60) 1.46 (0.56) 1.45 (0.56) 1.39 (0.53)
Triglycerides (mmol/L) 1.44 (0.89) 1.43 (0.94) 1.29 (0.64) 1.32 (0.67) 1.31 (0.57)
Cholesterol (mmol/L) 6.8 (1.3) 6.8 (1.2) 6.6 (1.2) 6.6 (1.2) 6.5 (1.1)
Creatinine (mg/dL) 0.90 (0.15) 0.91 (0.15) 0.92 (0.15) 0.94 (0.16) 0.97 (0.16)
Sedimentation rate (mm/hour) 9.5 (9.2) 79 (8.7) 7.3 (6.0) 7.1 (6.0) 6.5 (5.9)
Potassium (mmol/L) 4.2 (0.30) 4.3 (0.34) 4.3 (0.35) 4.4 (0.33) 4.5 (0.39)
Smoking, Never [n(%)] 15 (27.3) 79 (23.9) 251 (27.1) 88 (21.4) 48 (26.4)
Former [n(%)] 13 (23.6) 96 (29.0) 300 (32.4) 129 (31.4) 53 (29.1)
Present [n(%)] 27 (49.1) 156 (47.1) 376 (40.6) 194 (47.2) 81 (44.5)
Notes: Data are mean (standard deviation) unless otherwise stated. Missing information for potassium in 5 men and for sodium in 88 men.
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For each of the regression models, hazard ratios (HR)
with 95% confidence intervals (CI) were calculated.
Crude models and age-adjusted models were performed,
in addition to models were the following potential con-
founding covariates were included: body mass index,
smoking, physical fitness, triglycerides, cholesterol, crea-
tinine, and sedimentation rate, all measured at baseline.
Additionally, the level of sodium or potassium was
included in the model to investigate the independent
effects of the electrolytes. The proportionality of hazards
assumption was met for all covariates, except smoking.
Thus, we performed a stratified Cox model on smoking,
where the baseline hazards were allowed to differ
between never, former and present smokers. No interac-
tions between the exposure of interest (potassium and
sodium) and the adjusting covariates were observed.

To explore the continuous relationship between the
electrolytes and all-site cancer risk we presented graphi-
cally the smoothed age-adjusted risk estimate from Cox-
regression analysis. Restricted cubic spline function with
four knots chosen according to Harrell’s recommended
percentiles was used for this purpose.

When studying potassium, two secondary analyses were
performed. First, to explore the possibility of reverse causality
(ie, where high levels of potassium result from an ongoing
cancer disease) we performed an analysis restricted to men
that remained alive and cancer-free 10 years after baseline, ie,
the first 10 years of observation were excluded and the new
time zero was set 10 years after the initial baseline. Secondly,
we calculated the risk for the most prevalent cancer sites in
the study cohort by levels of potassium. The Cox model
adjusted for age was used for this purpose due to the small
number of events in several of the cancer sites.

Finally, the association between sodium-to-potassium
ratio and cancer risk was explored in a similar manner to
explore the electrical potential of the cell.

An association was considered statistically significant
when p <0.05. All statistical analyses were performed
using Stata.*

Results

Mean age at inclusion into the study was 49.8 years (SD
5.5 years). The mean levels of potassium and sodium were
4.3 mmol/L (SD 0.35, range 1.9-7.0) and 141 mmol/L (SD
3.5, range 107-161), respectively (Table 1). During fol-
low-up (median 26.4 years, range 0.1-40.3 years), 710
men were diagnosed with cancer, and 1248 deaths
occurred (739 without previous cancer).

The level of potassium was positively associated with
age, sedimentation rate, sodium and presence of smoking,
and negatively associated with body mass index and fit-
ness while the level of sodium was positively associated
with creatinine and potassium and negatively associated
with sedimentation rate (Table 2).

An increase in level of potassium increased the abso-
lute risk of all-site cancer; the age-adjusted incidence rate
was 2.1, 12.3, 14.5, 14.9, and 20.3 per 1000 person-years
for potassium levels <3.5, 3.64.0, 4.1-4.5, 4.6-5.0, and
>5.0 mmol/L, respectively (Table 3). Men with hyperka-
lemia showed an incidence rate that was 40% higher than
for men with normal potassium levels. The cumulative
incidence of all-site cancer increased continuously during
the study period (Figure 1). In particular, among men with
hyperkalemia, the cumulative incidence of all-site cancer
started to deviate from lower levels of potassium at 5
years. For sodium, no differences in absolute risk were
observed (Table 3, Figure 1).

The age-adjusted HR of all-site cancer showed a linear
relationship with the increasing level of potassium (Figure 2).
For each increase of 1 SD (0.35 mmol/L), a 16% increase in
all-site cancer risk was observed (HR 1.16, 95% CI

Table 3 Number of All-Site Cancer Cases (Events), Person-Years
(Pyrs) and Age-Adjusted Incidence Rates (IR) with 95%
Confidence Intervals (Cl) Among Initially Healthy Men During
40 years of Follow-Up by Fasting Level of Potassium and Sodium
at Baseline

Events | Pyrs Age-Adjusted®
IR per 1000 pyrs
(95% CI)
Potassium® (mmol/L)
Hypokalemia (<3.5) | 556 2.1 (0.3-14.7)
Normal low (3.6—4.0) 107 9252 12.3 (8.3-18.3)
Normal intermediate 421 29,861 | 14.5 (12.0-17.6)
(4.1-4.5)
Normal high (4.6-5.0) 156 10,447 | 14.9 (10.9-20.4)
Hyperkalemia (>5) 24 997 20.3 (10.4-40.7)
Sodium® (mmol/L)
Hyponatremia (<136) 20 1395 15.7 (6.8-37.3)
Normal low (136-138) | 121 8319 I5.1 (10.6-21.5)
Normal intermediate 338 24,161 | 144 (11.7-17.9)
(139-142)
Normal high (143-145) | 144 10,779 | 13.6 (9.9-18.9)
Hypernatremia (>145) | 69 4522 16.1 (10.1-25.7)

Notes: *Age-adjusted according to the age-distribution (5-year groups) in the total
cohort at baseline. bMissing information for potassium in 5 men, of which one with
cancer. “Missing information for sodium in 88 men, of which 18 with cancer.
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Figure | Cumulative incidence of all-site cancer by levels of potassium and sodium. K<3.5 is not present due to only one cancer event.

1.08-1.25) (Table 4). The HR remained significant after
additional adjustment of several potential confounding fac-
tors (see methods). Further, the association was independent
of level of sodium, as shown in the last regression model,
where the risk increased 15% per SD (HR 1.15, 95% CI
1.06-1.24). Excluding the first 10 years of the study period
did not affect the findings in the regression analyses.
Moreover, the site-specific analyses showed positive associa-
tions for cancer in the stomach (HR 1.58,95% CI1.17-2.13),
pancreas (1.69, 1.26-2.26), lung (1.32, 1.09-1.59), and pros-
tate (1.16, 1.01-1.34) (Table 5). Studying competing death as
the outcome, the HR also increased by increasing the level of
potassium (Table S1).

For sodium, no association with cancer risk was
observed (Figure 2, Table 4). Sodium-to-potassium ratio
was negatively associated with the risk of all-site cancer
(Table S2). However, after adjustment for baseline level of
potassium (the last regression model), no independent

effect of the ratio was observed.

Discussion
In this prospective study, we investigated whether fasting
serum levels of potassium and sodium in initially healthy
middle-aged men was related to cancer risk during 40 years
of follow-up. A continuous linear relationship was observed
between serum potassium and cancer risk. For each increase
in potassium level by 1 SD, the age-adjusted risk of all-site
cancer increased with 16%; the incidence increase was seen
for cancers of pancreas (69%), stomach (58%), lung (32%),
and prostate (16%). Individuals with hyperkalemia showed
the highest cancer risk, which was found already after 5 years
of follow-up. The association was evident after adjusting for
a series of baseline characteristics (body mass index, fitness,
smoking, triglycerides, cholesterol, creatinine, and sedimen-
tation rate) and also after excluding the first 10 years of
follow-up. Serum levels of sodium were not associated
with cancer risk.

To our knowledge, the present study is the first to report
that higher levels of serum potassium in healthy individuals

Clinical Epidemiology 2020:12
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Table 4 Hazard Rate (HR) of All-Site Cancer Among Initially
2.4 | | Healthy Men During 40 years of Follow-Up by Fasting Level of
5 227 : : Potassium and Sodium at Baseline. The Standard Deviations (SD)
§ 2.01 I I for the Electrolytes Were 0.35 Mmol/L for Potassium and 3.5 mmol/L
2 18] : : for Sodium
i 1.6+ | w’ | W’
< 1.4 : T | : HR (95% CI)
% 1.24 | T T T l J | J \ . _
3 101 : 13 33001 L : Potassium (n=1989)
7 | T r -
';T 32 [ [ M [ T 1 - : Crude potassium (per SD) 1.21 (1.12-1.30)
-] 0' At ] HL L : Age-adjusted® potassium (per SD) I.16 (1.08-1.25)
0.2 l | | Adjusted® potassium (per SD) 1.15 (1.07-1.25)
0.0 : : Adjusted® potassium (per SD) 115 (1.06-1.24)
33 35 37 39 41 43 45 47 49 51 53 o
Level of potassium at baseline (mmol/L) otassium
Excluding first 10 years of follow-up (n=1823)
2.4 | |
_ 2.2 | | Crude potassium (per SD) 121 (1.11-1.31)
% 2.0 1 : : Age-adjusted® potassium (per SD) 1.16 (1.07-1.26)
PREE | | Adjusted® potassium (per SD) 1.16 (1.07-1.26)
2161 [ [ Adjusted® potassium (per SD 116 (1.07-1.26
= j p (o ) ( )
S 141 I I (
=}
T 12 | | Bl | Sodium (n=1906)
B 1.0 LTTI :TTT“T lllji
ERY R l:l 1 IT71 : 11 Crude sodium (per SD) 1.00 (0.93-1.08)
-f 0.6 - J J J | | Age-adjusted® sodium (per SD) 1.02 (0.95-1.10)
2041 | | Adjusted® sodium (per SD) 1.03 (0.95-1.11)
0.2 | | Adjusted® sodium (per SD) 1.01 (0.93-1.09)
0.0 | |

132 134 136 138 140 142 144 146 148 150 152 154
Level of sodium at baseline (mmol/L)

Figure 2 Hazard ratio for all-site cancer by levels of potassium and sodium. Bars
indicate 95% confidence intervals. Restricted cubic spline function of potassium and
sodium with four knots chosen according to Harrell's recommended percentiles.
For potassium, the reference group was set to K=4.3 mmol/L. Estimates for values
<3.2 and 25.4 were not presented due to low numbers. Dashed lines indicate the
cut-off values for hypokalemia (<3.5) and hyperkalemia (>5.0). For sodium, refer-
ence group was set to Na=140 mmol/L. Estimates for values <131 and 2155 were
not presented due to low numbers. Dashed lines indicate the cut-off values for
hyponatremia (<136) and hypernatremia (>145).

are associated with subsequent cancer incidence. However,
this study cannot reveal whether the relationship between
individual serum level of potassium and cancer risk is causal,
and several hypotheses can be suggested for future research.
Firstly, higher level of serum potassium by itself may pro-
mote cancer development and growth through immune
mechanisms. For example, it has been shown that potassium
suppresses the activity of T cells, leading to a reduced ability
to prevent cancer development.*®

Secondly, individuals with elevated serum potassium
may have an undiscovered cancer diagnosis at baseline
resulting in potassium release from necrotic cancer cells
(reverse causation).'® Our finding of a persistent increase
in cancer risk after excluding the first 10-years of observa-
tion does not support this hypothesis. However, as it may

Notes: “Adjusted for age at baseline. "Additionally adjusted for body mass index,
fitness, smoking, triglycerides, cholesterol, creatinine and sedimentation rate, all
measured at baseline. “Additionally adjusted for fasting sodium at baseline;
9Additionally adjusted for fasting potassium at baseline.

take several years to develop a cancer disease,”* we cannot
rule out the possibility of reverse causation.”

Thirdly, there may be some inherent individual factors that
contribute to the regulation of serum potassium that also
facilitate cancer processes. For example, genetic variation in
ion channels and pumps that are involved in potassium home-
ostasis may also be associated with genes that have a role in
cell proliferations and differentiation. The SCNN1B gene is
associated with serum potassium® as well as gastric cancer’
and the KCNQ1 gene, which provides information for potas-
sium channels,?’ is also associated with the risk of colon,”®
colorectal,” and pancreatic cancer.*® Also, a polymorphism in
the KCNJ4 gene, which encodes another potassium channel, is
associated with prostate cancer.* The research on membrane
channels and transporters in cancer is still in the initial phase
and can fill more gaps in the years to come.

The study has several strengths. First, the men were
apparently healthy at inclusion that was confirmed by physi-
cal examination and review of medical records, and the men
did not use any medication last 14 days. The examinations

took place in the morning hours and the level of the
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Table 5 Hazard Rates (HR) for the Most Frequent Cancer Sites
in the Cohort of Initially Healthy Men Followed for 40 Years. The

Standard Deviation (SD) for Potassium Was 0.35 mmol/L

ICD-7/ICD-10 | Events | Potassium

(Per SD)

Age-adjusted HR

(95% CI)
Mouth, pharynx [ 140-146/C00-14 | 23 1.04 (0.68—-1.59)
Stomach I151/Clé 28 1.58 (1.17-2.13)
Colon 153/C18-19 8l 0.94 (0.75-1.18)
Rectum 154/C20-21 40 1.08 (0.79-1.49)
Pancreas 157/C25 27 1.69 (1.26-2.26)
Lung 162/C33-34 104 1.32 (1.09-1.59)
Prostate 177/Cé61 204 1.16 (1.01-1.34)
Kidney 180/Cé64 32 0.94 (0.66—1.34)
Bladder 181/C67-68 73 1.12 (0.88-1.42)
Melanoma 190-191/C43-44 | 87 1.06 (0.85-1.32)
Lymphoma, 206-207/C81-95 | 6l 1.14 (0.88-1.48)
leukemia

Notes: ICD-7/ICD-10= the 7th and the [0th edition of the World Health
Organization’s
Events=number of cancer cases.

International Classification of Diseases codes for cancer;

electrolytes was measured fasting. Several potential con-
founding factors were adjusted for in the analysis (eg, phy-
and diet
triglycerides, cholesterol, and body mass index)), and the

sical fitness, smoking, (approximated by
individuals were followed for cancer for until 40 years. The
cohort was representative of the age-group of men within the
given time-period, with regard to cancer incidence in their
counties of residence.>! Thus, the results are considered to be
generalizable to healthy men in northern Europe.

Some limitations should be noted. The study protocol
included men only and was originally not designed for inves-
tigating the aim of the present study. The study sample was
relatively small and no information on social status, alcohol
intake, diet and genetic variations was available. Lack of
repeated measures may cause bias due to change in potentially
confounding exposures (e.g. physical fitness and use of med-
ication) during follow-up. Due to the small number of events
of site-specific cancers, these results should be interpreted with
caution. Moreover, due to the long follow-up time, the risk of
competing death could potentially preclude the interpretation
of the results from Cox-regression analysis for all-site cancer.
However, since the risk of competing death also increases by
the level of potassium this bias is expected to be minor.

Conclusion
The finding that fasting serum potassium was strongly asso-
ciated with long-term cancer risk in healthy individuals points

to further research in several directions, eg, the influence of
potassium in cancer-fighting immune mechanisms or the role
of potassium or potassium ion channels in cell proliferation
and differentiation. The strength of the association suggests
possible clinical implications, eg, medical surveillance strate-
gies of individuals with high levels of potassium.
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