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ABSTRACT 

Background. Hyperkalemia is common among patients with chronic kidney disease ( CKD) but there is scarce 
information on differential risk factors and outcomes for men and women. For instance, smoking has been suggested to 
be a risk factor for hyperkalemia, but specific analysis of the sex-specific impact of smoking on hyperkalemia in CKD is 
lacking. 
Methods. We studied serum potassium levels in 2891 participants from the NEFRONA cohort: 483 controls ( 47% women) 
and 2408 CKD patients ( 38% women) without prior cardiovascular disease ( CVD) , assessing whether smoking is a risk 
factor for hyperkalemia, and if hyperkalemia is associated with outcomes separately for men and women. 
Results. Median potassium levels and prevalence of hypo and hyperkalemia were higher in CKD participants than in 

controls. Serum potassium levels were higher and hyperkalemia and severe hyperkalemia more prevalent in men than 

in women with non-dialysis CKD ( G3–G5) . The highest prevalence of hyperkalemia for each gender was found in CKD 

G4-G5 and hemodialysis patients for men ( 46%) and in hemodialysis ( 54%) for women. Gender-specific etiological 
multivariate analysis identified current smoking as a risk factor for hyperkalemia only in men. Hyperkalemia was 
independently associated with stopping RAASi, an outcome which was more common in women. Hyperkalemia was 
also associated to higher risk of cardiovascular events within 4 years in men. In conclusion, hyperkalemia is common 

among men and women with CKD, but the prevalence, risk factors and outcomes may differ by gender. Specifically, 
current smoking is a driver of hyperkalemia in men. 
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GRAPHICAL ABSTRACT 

Keywords: chronic kidney disease, gender, hyperkalemia, risk factors, smoking 

emia is common, and associated with suboptimal dosing of drugs 
th adverse outcomes.
 have coexistent cardiovascular disease ( CVD) and have not ad- 
tcomes.
ajority of patients with CKD do not have established CVD, despite 

h non-dialysis CKD. Despite this, renin-angiotensin system block- 
By contrast, hyperkalemia was more common in women than in 

vascular events within 4 years in men.
 of hyperkalemia only in men.

nt of hyperkalemia may be needed.
her benefits of quitting smoking, smoking may drive an increased 

 renin-angiotensin system blockers in women with non-dialysis 
d be explored and corrective actions implemented.
KEY LEARNING POINTS 

What was known : 

• In individuals with chronic kidney disease ( CKD) , hyperkal
that provide kidney and cardiovascular protection and wi

• However, studies usually included patients that may also
dressed gender-specific epidemiology, risk factors, and ou

• The coexistence of CVD may be a confounding factor, as a m
CVD being common.

This study adds : 

• Hyperkalemia is more common in men than in women wit
ers are stopped more frequently in women than in men. 
men on hemodialysis.

• Hyperkalemia was also associated to higher risk of cardio
• In aetiological models, smoking was identified as a driver

Potential impact : 

• Gender-specific approaches to the prevention and treatme
• Specifically, men should have it explained that, on top of ot

risk of hyperkalemia.
• The reasons underlying the higher frequency of stopping

CKD, despite the lower prevalence of hyperkalemia, shoul
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NTRODUCTION 

yperkalemia is common in individuals with chronic kidney 
isease ( CKD) , and it is associated with adverse cardiovascu- 
ar events that can be life-threatening [1 , 2 ]. CKD patients have
everal characteristics that make them more prone to hyper- 
alemia. First, decreased kidney function impairs the ability 
o excrete potassium in urine. Second, CKD patients are often
reated with renin-angiotensin aldosterone system inhibitors 
 RAASi) . Aldosterone promotes sodium reabsorption in the dis- 
al nephron in exchange with potassium secretion. Therefore,
AASi increase the risk of hyperkalemia. Furthermore, transcel- 
ular shifts may contribute to increase serum potassium in CKD
atients. Potassium is the main intracellular osmolyte and small 
hanges in its intra to extracellular distribution can cause hyper-
alemia. Metabolic acidosis is common in CKD and increases the
ranscellular shift, as do hyperglycemia, beta2-adrenergic block- 
rs or hyperosmolarity, favoring hyperkalemia [3 ]. 

Hyperkalemia is associated with adverse outcomes [4 , 5 ]. Se-
ere hyperkalemia may be lethal, and chronic milder hyper- 
alemia may be complicated by severe hyperkalemia episodes 
6 –9 ] or lead to down-titration or withdrawal of RAASi [10 ], de-
riving patients of their protective effects [11 ]. However, cardio-
ascular disease ( CVD) is common in individuals with CKD and 
rior analyses have not dissociated the influence of CVD and of
KD on risk factors and outcomes for hyperkalemia. 
Additionally, the gender-specific risk factors and epidemi- 

logy of hyperkalemia and hyperkalemia-associated outcomes 
ave not been properly addressed in patients with CKD, al-
hough dimorphism is common in the kidney handling of elec-
rolytes [12 ], a fact that could lead to differences in disease sus-
eptibility [13 ]. In this regard, there are gender-related differ-
nces in CVD risk factors ( i.e. smoking) and outcomes among 
atients with CKD. 
The main objectives of the present study are to character- 

ze the epidemiology and outcomes of hyperkalemia in men 
nd women throughout the CKD spectrum in a cohort rep-
esentative of the CKD population without baseline CVD of 
Rea
n=15

Flow of partic

Baseline

2 years

4 years

Lost for follow-up, n=1336:
• Controls without CKD, n=559
• Kidney transplantation, n=359
• CV event during follow-up, n=80
• Deaths, n=46
• Did not return for reassessment, n=292

igure 1: Participants flow chart. 
pain, and to determine whether smoking is a risk factor for
yperkalemia. 

ATERIALS AND METHODS 

esign and study population 

he design of the NEFRONA study has been reported in de-
ail [14 , 15 ]. Briefly, 2445 CKD G3–G5 patients [937 in the CKD
ategory of estimated glomerular filtration rate ( eGFR) G3, 820 
n category G4-G5, 688 in category G5D, i.e. undergoing chronic
ialysis] and 559 controls that had eGFR > 60 ml/min/1.73 m2 

ere enrolled from 81 Spanish hospitals and nine primary care
enters between October 2009 and June 2011. Participants were
dults ( 18–75 years of age) without a history of previous CVD
 i.e. without unstable angina, myocardial infarction, transient is-
hemic attack, stroke, congestive heart failure, arrhythmia, pe-
ipheral artery disease, amputation for vascular disease or aor-
ic aneurysm) . The present analysis includes patients with data
n serum potassium at baseline, which were 96.3% of the origi-
al cohort ( 2408 in the CKD group and 483 in the control group)
 Fig. 1 ) . The study protocol was approved by the ethics commit-
ee of each hospital and participants were enrolled after sign-
ng informed consent. This research followed the principles of
he Declaration of Helsinki. The design of the study included
 follow-up visit at 24 months for participants with CKD that
id not have baseline evidence of subclinical atherosclerosis
i.e. hemodynamically significant stenotic carotid plaque or an
nkle-brachial index ( ABI) < 0.7] and had not developed a car-
iovascular event. Overall, 1555 CKD patients were reassessed
t 2 years for subclinical atherosclerosis, blood tests and med-
cation changes. Of them, 1510 had data on baseline serum
otassium levels. Additionally, all participants were followed for
 years to record incident cardiovascular events defined as un-
table angina, myocardial infarction, transient ischemic attack,
troke, congestive heart failure, arrhythmia, peripheral artery 
isease, amputation for vascular disease, aortic aneurysm,
r cardiovascular death ( i.e. caused by myocardial infarction,
CV events at 4 years:
n=2891 (all participants)

n=2408 (CKD participants)

ssessment at 2 years:
55 (CKD participants)

NEFRONA cohort:
n=3004 (n=2445 with CKD)

Baseline serum potassium:
n=2891 (n=2408 with CKD)

No baseline serum
potassium: n=113
(n=37 with CKD)

ipants
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rrhythmia, congestive heart failure, stroke, aneurysm, mesen- 
eric infarction, or sudden death) . 

linical data and laboratory examinations 

ealth status, medical history, cardiovascular risk factors, and 
rug use information was obtained at baseline. A physical ex- 
mination consisted of office blood pressure, anthropometric 
easures, standard vital tests, and ABI measurements as previ- 
usly described [16 ]. ABI was considered pathological when ≤0.9 
r ≥1.4. Biochemical data were obtained from a routine fasting 
lood test within three months from the vascular study. Cur- 
ent smokers were classified as smokers, except when indicated.
yslipidemia was diagnosed from the clinical history. GFR was 
stimated from serum creatinine using the Modification of Diet 
n Renal Disease Study formula ( MDRD-4) . Hyperkalemia was de- 
ned as serum K > 5.0 mEq/L unless otherwise indicated. 

tatistical analysis 

nivariable relationships were analysed by Student’s t test for 
ormally distributed variables, and Mann–Whitney’s test for 
on-parametric analysis. Chi squared test was used to compare 
wo categorical variables and the Kruskal–Wallis test for inde- 
endent samples to compare more than two categories. One- 
ay ANOVA was used to compare multiple independent groups 
nd Bonferroni post hoc test was used. To determine whether 
moking was a risk factor for hyperkalemia, significant variables 
n bivariate analyses and potential confounders were included 
o develop aetiological multivariable logistic regression models 
or men and women to carefully check the criteria for confound- 
ng for this specific exposure-outcome relationship [17 , 18 ]. Im- 
utation was not used. Prognostic multivariate logistic models 
ere built to determine variables associated with RAASi dis- 
ontinuation. Kaplan–Meier curves were built to show the esti- 
ated survival function of time free from cardiovascular events,
epending on potassium levels. Proportional Cox hazards mod- 
lling was used to determine the association of hyperkalemia 
ith cardiovascular events after 4 years of follow-up. A statisti- 
al significance level of 0.05 was used. Analyses were made on 
PSS 24.0. 

ESULTS 

articipant characteristics 

 total of 2891 adult participants with baseline serum potassium 

alues but no baseline CVD were evaluated, 483 were controls 
 226, 47% women) and 2408 were CKD patients ( 924, 38% women) .
aseline characteristics are described in Table 1 . CKD patients 
ere older and more frequently male than controls. Hyperten- 
ion, dyslipidemia, diabetes, and cardiovascular events during 
ollow-up were more common among CKD patients, as were the 
se of RAASi and other anti-hypertensive drugs. Systolic and di- 
stolic blood pressure, pulse pressure, and serum triglyceride,
lucose, phosphate, urea, and C reactive protein ( CRP) levels 
ere significantly higher in CKD patients, while total, LDL and 
DL cholesterol, calcium, sodium, and 25-OH vitamin D levels 
ere lower in CKD patients than in controls. Overall, the charac- 
eristics of CKD patients and their differences from controls are 
n line with expectations. Of note, office blood pressure control 
as suboptimal in CKD patients. 
erum potassium in CKD 

edian potassium levels were higher in CKD patients 
han in controls, but the spread of serum potassium val- 
es was also wider in CKD patients ( Fig. S1A, see online 
upplementary material) and prevalence of both hypo and 
yperkalemia was higher in CKD patients, independently 
f the definition of hyperkalemia used ( P < 0.001) ( Table 1 ) .
round one-third of CKD participants with hyperkalemia had 
erum potassium values ranging from 5.01 to 5.20 mEq/L 
nd one third from 5.21 to 5.50 mEq/L ( Fig. S2, see online 
upplementary material) . Patients in all individual CKD GFR G 

ategories had higher serum potassium levels than controls 
 P < 0.001) , except for PD patients ( Fig. 2 A) . Serum potassium 

evels increased as eGFR decreased and peaked in hemodial- 
sis patients ( Fig. 2 A) . Of note, serum potassium levels were 
igher in patients on hemodialysis than in PD patients ( Fig. 2 A; 
ig. S1B, see online supplementary material) . Consistently, the 
revalence of hyperkalemia increased as eGFR decreased and 
as higher in patients on hemodialysis than in PD patients,
he latter having a prevalence of hyperkalemia similar to 
articipants with CKD G3 ( Fig. 2 B) . The prevalence of severe 
yperkalemia ( serum potassium > 6.0 mEq/L) was highest in 
emodialysis patients: 49/472 ( 10.38%) ( Fig. 2 C) . By contrast, PD 

atients had the highest prevalence of hypokalemia ( 18/235,
.6%) . 

Among all patients with CKD, there were no differences in 
he prevalence of hyperkalemia between participants treated or 
ot with RAASi for any definition of hyperkalemia ( Table 2 A) .
owever, among participants with CKD G3–G5, hyperkalemia 
as more common in participants on RAASi and severe hy- 
erkalemia was only observed in among participants on RAASi 
 Table 2 B) . Additionally, serum potassium was higher in CKD G3–
5 patients on RAASi with or without diuretics than in those 
ith only diuretics ( Fig. 2 D) . Thus, the association of RAASi with 
igh serum potassium levels was limited to participants not on 
ialysis. 

ssociation of smoking with hyperkalemia 
n CKD patients 

able 3 shows the differences between current smokers and 
on-smokers in the CKD population. The bivariate analysis 
hows that CKD patients that smoke are younger, mostly male,
ith lower BMI, SBP and HDL cholesterol, and higher triglyc- 
rides. Furthermore, the percentage of patients with hyper- 
alemia ( defined as K > 5.0 mEq/L) was higher among current 
mokers, despite lower mean serum K levels. 

In multivariate analysis, smoking was consistently asso- 
iated with hyperkalemia in the crude regression ( Model 1) ,
hen corrected by age and sex ( Model 2) or in the full re- 
ression model ( Model 3) adjusted by potential confounders 
dentified in the previous bivariate analysis or in the literature 
 Table 4 ) . 

ender differences in baseline characteristics among 
KD patients 

ale and female CKD patients differed in multiple baseline char- 
cteristics. The prevalence of smoking history, diabetes, CVD,
nd use of RAASi and other antihypertensive drugs, BMI, and 
riglycerides and 25-OH-vitamin D levels were higher in men 
han in women ( Table S1, see online supplementary material) .
y contrast, total, HDL and LDL cholesterol, total calcium and 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
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Table 1: Baseline: characteristics and cardiovascular outcomes of the NEFRONA cohort. 

Control 
( n = 483) 

CKD 

( n = 2408) P 

Age ( years) 56 ( 47–63) 61 ( 50–68) < 0 .001 
Men, n ( %) 257 ( 53.2) 1484 ( 61.6) 0 .001 
Smoking 0 .094 

Ex-smoker, n ( %) 228 ( 40.8) 881 ( 36.0) 
Current smoker, n ( %) 109 ( 19.5) 490 ( 20.0) 

BMI ( kg/m2 ) 27.73 ( 24.89–30.59) 27.77 ( 24.69–31.34) 0 .676 
Diabetes, n ( %) 63 ( 13.0) 692 ( 28.7) < 0 .001 
Hypertension, n ( %) 271 ( 56.1) 2304 ( 95.7) < 0 .001 
Dyslipidemia, n ( %) 169 ( 35.0) 1593 ( 66.2) < 0 .001 
Cardiovascular events during follow-up, n ( %) 12 ( 2.5) 201 ( 8.3) < 0 .001 
Family history of premature CV event, n ( %) 53 ( 11.0) 199 ( 8.3) 0 .054 
Anti-hypertensive drugs, n ( %) 177 ( 36.6) 2123 ( 88.2) < 0 .001 

RAASi, n ( %) 143 ( 29.6) 1669 ( 69.3) < 0 .001 
Diuretics, n ( %) 46 ( 9.5) 1102 ( 45.8) < 0 .001 
RAASi plus diuretics, n ( %) 40 ( 8.3) 884 ( 36.7) < 0 .001 
Beta-blockers 21 ( 4.3) 390 ( 16.2) < 0 .001 

Potassium ( mEq/L) 4.47 ( 4.2–4.7) 4.80 ( 4.4–5.2) < 0 .001 
Hypokalemia, n ( %) 4 ( 0.8) 57 ( 2.4) 0 .032 
Hyperkalemia, n ( %) 

K > 5.0, n ( %) 43 ( 8.9%) 808 ( 33.6%) < 0 .001 
K > 5.2, n ( %) 25 ( 5.2%) 546 ( 22.7%) < 0 .001 
K > 5.5, n ( %) 10 ( 2.1%) 259 ( 10.8%) < 0 .001 
K > 6.0, n ( %) 0 ( 0.0%) 77 ( 3.2%) < 0 .001 

Systolic blood pressure ( mmHg) 133 ( 122–144) 141 ( 128–157) < 0 .001 
Diastolic blood pressure mmHg 80 ( 73–87) 81 ( 74–69) 0 .041 
Total cholesterol ( mg/dl) 200 ( 179–223) 175 ( 151–202) < 0 .001 
HDL cholesterol ( mg/dl) 51 ( 43–62) 47 ( 38–58) < 0 .001 
LDL cholesterol ( mg/dl) 125 ( 105–146) 100 ( 78–121) < 0 .001 
Triglycerides ( mg/dl) 96 ( 71–141) 125 ( 91–174) < 0 .001 
Glucose ( mg/dl) 97 ( 88–106) 97 ( 87–113) 0 .001 
Total calcium ( mg/dl) 9.40 ( 9.10–9.70) 9.30 ( 8.91–9.70) 0 .002 
Phosphate ( mg/dl) 3.50 ( 3.05–3.90) 3.83 ( 3.30–4.60) < 0 .001 
Urea ( mg/dl) 36 ( 31–43) 96 ( 64–131) < 0 .001 
Sodium ( mEq/L) 141 ( 139–142.50) 140 ( 139–142) < 0 .001 
CRP ( mg/dl) 1.57 ( 0.78–3.08) 2.00 ( 0.95–4.54) 0 .001 
25-OH vitamin D ( ng/ml) 18.67 ( 14.53–23.86) 14.81 ( 11.04–19.23) < 0 .001 

Quantitative data expressed as median ( IQR) . BMI: body mass index;CKD: chronic kidney disease; CRP: C reactive protein; CV: cardiovascular; HD: hemodialysis; K: 
potassium; PD: peritoneal dialysis; RAASi: Renin angiotensin aldosterone system inhibitors. Statistically significant P values are highlighted in bold. 
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hosphate levels were lower in men than in women. How-
ver, there were no overall differences in serum potassium lev-
ls or the prevalence of hypokalemia or hyperkalemia between 
en and women ( Table S1, Fig. S1C, see online supplementary
aterial) . 
Only a few of the baseline differences between men and

omen with CKD were consistent across all CKD categories 
 Table S2, see online supplementary material) . In men, smoking 
as more frequent and total and HDL-cholesterol were lower in
ll categories of CKD. 

ender differences in serum potassium according 
o CKD category 

ig. S3 ( see online supplementary material) shows serum 

otassium levels in men and women according to CKD cat-
gory and dialysis modality ( Fig. S3A and B, see online 
upplementarymaterial) or according to the use of RAASi and di- 
retics ( Fig. S3C and D, see online supplementary material) , and 
he prevalence of hyperkalemia and hypokalemia ( Fig. S3E–H,
ee online supplementary material) . In men, serum potassium 

nd the prevalence of hyperkalemia peaked in CKD G4/G5,
hile in women they peaked in hemodialysis. ( Fig. S3A, B,
–H, see online supplementary material) . In this regard, serum
otassium levels were higher in men with non-dialysis CKD
 G3–G5) than in women, but differences were not observed
n dialysis CKD ( hemodialysis or PD) ( Table S2, see online 
upplementary material) . In line with this observation, severe 
yperkalemia was observed in men ( 1.3%) but not in women
ith G3 CKD, and hyperkalemia ( any definition) was more preva-

ent in men with CKD G4/G5 than in women ( Table S2, see online
upplementary material) . By contrast, severe hyperkalemia was 
ore prevalent among women ( 15.3%) than among men ( 8.2%) 

n hemodialysis.
As done for the whole population, we next explored a poten-

ial etiological association between current smoking and hyper-
alemia in males and in females with CKD. 

ssociation of smoking with hyperkalemia in CKD 

atients stratified by sex 

ivariate analysis of differences between current smokers and
on-smokers in males was similar to observations in the whole
opulation. However, in males, average serum K levels were

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
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Figure 2: Potassium levels according to CKD category. ( A) Boxplot of serum potassium values according to CKD category. Circles represent outliers. One Way ANOVA. 
( B) Histogram presenting the distribution of serum potassium levels into hypokalemia ( serum potassium < 3.6 mEq/l) , normokalemia ( 3.6–5.0 mEq/l) , and hyperkalemia 
( > 5.0 mEq/l, purple) potassium levels for different CKD categories. ( C) Histogram representing five serum potassium categories for different CKD categories. Kruskal–
Wallis for independent samples. Bar chart of potassium values according to CKD stage and medication ( ACEi and diuretics) . ( D) Bar chart of serum potassium values 

according to CKD category and medication ( ACEi and diuretics) . One-way ANOVA. 

Table 2: Prevalence: of hyperkalemia in NEFRONA participants with 
CKD according to different definitions and RAASi treatment. Data 
expressed as n ( %) . 

Definition of hyperkalemia No RAASi RAASi P 

A) All participants with CKD 

> 5.0 mEq/L 234 ( 31.7) 574 ( 34.4) 0 .191 
> 5.2 mEq/L 164 ( 22.2) 382 ( 22.9) 0 .707 
> 5.5 mEq/L 84 ( 11.4) 175 ( 10.5) 0 .520 
> 6.0 mEq/L 29 ( 3.9) 48 ( 2.9) 0 .178 

B) Participants with CKD G3–G5 
> 5.0 mEq/L 76 ( 21.2) 462 ( 33.7) < 0 .001 
> 5.2 mEq/L 43 ( 12) 298 ( 21.8) < 0 .001 
> 5.5 mEq/L 14 ( 3.9) 125 ( 9.1) 0 .001 
> 6.0 mEq/L 0 ( 0) 25 ( 1.8) 0 .01 
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discontinuation or diuretic initiation) ( not shown) . 
igher in smokers ( Table 5 A ) . Female smokers were also younger,
ith a lower BMI and SBP ( Table 5 B) . In addition, a lower per- 
entage of diabetics and reduced levels of urea and hsCRP were 
ssociated with being a female current smoker. 

Multivariate analysis showed an association of smoking with 
he prevalence of hyperkalemia in males in the crude ( Model 1) 
nd in the adjusted models ( Models 2 and 3, Table 6 A) . However,
o association was found in females ( Table 6 B) . 

erum potassium levels and RAASi discontinuation 

r diuretic addition 

verall, 155 ( 13.5%) CKD participants on RAASi at baseline 
iscontinued them and 98 ( 8.5%) CKD participants initiated 
iuretics during a 2-year follow-up, while 253 ( 22%) reached the 
ombined endpoint of stopping RAASi or initiating diuretics, i.e.
articipant who either discontinued RAASi or initiated diuretics,
wo maneuvers that may decrease serum potassium. 

RAASi were discontinued in 119 ( 11.5% of participants with 
oth RAASi at baseline and follow-up data at 2 years) partici- 
ants with CKD G3–G5, 27 ( 44.3%) on HD and 9 ( 17.3%) on PD.
y gender, 84 ( 11.7%) men and 71 ( 16.5%) women stopped RAASi 
 P = 0.0218) . 

Diuretics were initiated in 85 ( 8.1%) participants with CKD 

3–G5, 4 ( 6.6%) on HD and 9 ( 17.3%) on PD. Overall, 66 ( 9.1%) of 
en and 32 ( 7.4%) of women initiated diuretics ( P = 0.095) . 
The combined endpoint of RAASi discontinuation or di- 

retic initiation was reached in 150 ( 20.8%) men and 103 ( 24.0%) 
omen. This included 204 ( 19.7%) participants with CKD G3–G5,
1 ( 50.8%) on HD and 18 ( 34.6%) on PD. 

Multivariate analysis of factors associated with RAASi dis- 
ontinuation within 2 years in participants with CKD G3–G5 ( i.e.
on-dialysis CKD) showed that hyperkalemia ( potassium lev- 
ls > 5.0 mg/dl) was significantly associated in the crude anal- 
sis ( OR: 1.526, 95% CI: 1.031–2.259, P = 0.034) , when adjusted 
y age and sex ( OR: 1.573, 95% CI: 1.061–2.332, P = 0.024) and 
ith further adjustment by other comorbidities like the diag- 
osis of hypertension, diabetes, heart failure, and dyslipidemia 
 OR: 1.517, 95% CI:1.020–2.256, P = 0.039) . In stratified analysis 
y sex, hyperkalemia was not associated with RAASi discon- 
inuation, probably due to the smaller number of participants 
nalysed. 

In multivariate analysis, hyperkalemia was not associated 
ith diuretic initiation or with the combined endpoint ( RAASi 
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Table 3: Bivariate: analysis of factors associated with being a current smoker. 

Non-smoker 
( n = 1925) 

Current smoker 
( n = 480) P 

Age ( years) 63 ( 51–69) 55 ( 45–63.25) 0 .000 
Male, n ( %) 1124 ( 58.3) 360 ( 75) 0 .000 
BMI ( kg/m2 ) 27.89 ( 24.98–31.53) 26.99 ( 23.56–30.45) 0 .000 
Diabetes, n ( %) 557 ( 28.9) 135 ( 28.1) 0 .664 
Hypertension, n ( %) 1845 ( 95.7) 459 ( 95.6) 0 .811 
Dyslipidemia, n ( %) 1274 ( 66.1) 319 ( 66.5) 0 .706 
CKD stage 0 .651 

CKD G3 753 ( 39) 182 ( 38) 
CKD G4/G5 636 ( 33) 157 ( 33) 
HD 347 ( 18) 98 ( 20) 
PD 192 ( 10) 43 ( 9) 

Cardiovascular events during follow-up, n ( %) 156 ( 8.1) 45 ( 9.4) 0 .330 
Family history of premature CV event, n ( %) 168 ( 8.7) 31 ( 6.5) 0 .120 
Anti-hypertensive treatment 

RAASi, n ( %) 1335 ( 69.2) 334 ( 69.6) 0 .921 
Diuretics, n ( %) 896 ( 46.5) 206 ( 42.9) 0 .122 
Combination RAASi + Diuretics 0 .198 

None, n ( %) 421 ( 21.8) 100 ( 20.8) 
Diuretic, n ( %) 172 ( 8.9) 46 ( 9.6) 
RAASi, n ( %) 611 ( 31.7) 174 ( 36.3) 
Diuretic + RAASi, n ( %) 724 ( 37.6) 160 ( 33.3) 

Beta-blockers 328 ( 17.0) 62 ( 12.9) 0 .032 
Potassium ( mEq/L) 4.80 ( 4.40–5.20) 4.51 ( 4.90–5.30) 0 .001 
Hyperkalemia ( > 5) , n ( %) 624 ( 32.4) 184 ( 39.3) 0 .013 
Hypokalemia, n ( %) 47 ( 2.4) 10 ( 2.1) 0 .648 
Systolic blood pressure ( mmHg) 142 ( 129–158) 137 ( 125–153) 0 .000 
Diastolic blood pressure mmHg 81 ( 73–89) 81 ( 74.75–89) 0 .503 
Total cholesterol ( mg/dl) 175 ( 151–202) 175 ( 151–205) 0 .717 
HDL cholesterol ( mg/dl) 48 ( 39–59) 45 ( 36–53) 0 .000 
LDL cholesterol ( mg/dl) 100 ( 78–120.95) 101 ( 77–124) 0 .864 
Triglycerides ( mg/dl) 123 ( 90.6–169) 139 ( 95–189) 0 .000 
Glucose ( mg/dl) 97 ( 87–113) 95.24 ( 86–112.25) 0 .555 
Total calcium ( mg/dl) 9.32 ( 8.98–9.70) 9.30 ( 8.90–9.70) 0 .190 
Phosphate ( mg/dl) 3.80 ( 3.30–4.60) 3.90 ( 3.40–4.70) 0 .053 
Urea ( mg/dl) 95 ( 63.02–133) 95 ( 66–122) 0 .039 
Sodium ( mEq/L) 140 ( 139–142) 140 ( 138–142) 0 .239 
CRP ( mg/dl) 1.96 ( 0.94–4.54) 2.14 ( 1.01–4.57) 0 .955 
25-OH vitamin D ( ng/ml) 14.90 ( 11.16–19.40) 14.89 ( 10.76–18.99) 0 .543 

Quantitative data expressed as median ( IQR) . BMI: body mass index; CKD: chronic kidney disease; CRP: C reactive protein; CV: cardiovascular; HD: hemodialysis; K: 
potassium; PD: peritoneal dialysis; RAASi: Renin angiotensin aldosterone system inhibitors. Statistically significant P values are highlighted in bold. 

Table 4: Multivariate: analysis of the effect of current smoking on the risk of hyperkalemia. 

Model 1 Model 2 Model 3 

OR ( 95% CI) P OR ( 95% CI) P OR ( 95% CI) P 

Smoking 1.3 ( 1.05–1.6) 0.017 1.3 ( 1.05–1.6) 0.02 1.4 ( 1.1–1.8) 0.003 

Model 1: Crude analysis. Model 2 adjusted by age and sex. Model 3 further adjusted by body mass index, systolic blood pressure, sodium, HDL cholesterol, triglycerides, 
urea, treatment with RAASI and diuretics and treatment with beta blockers . 
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erum potassium levels and incidence 
f cardiovascular events 

ardiovascular events were assessed over 4 years of follow-up 
or CKD and control participants. Overall, 213 of 2481 partici-
ants ( 7.1%) developed a cardiovascular event during a 4-year 
ollow-up. This included 148 ( 8.5%) men and 65 ( 5.7%) women 
 P = 0.004) . Among CKD participants, 211 of 2408 ( 8.8%) suffered 
t  
 cardiovascular event during a 4-year follow-up, including 142
 9.6%) men and 59 ( 6.4%) women ( P = 0.006) . 

The incidence of cardiovascular events was higher in
atients with hyperkalemia both in the whole population
 Fig. 3 A) or when stratified by sex ( Fig. 3 B and C) . The risk of
ardiovascular events was higher in participants with hyper-
alemia > 5.0 mg/dl in the full ( CKD and control) cohort ei-
her in unadjusted analysis ( OR: 1.998, 95% CI: 1.523–2.620)
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Table 5: Bivariate: analysis of factors associated with being a current smoker stratified by sex. 

A) Males 
Non-smoker 
( n = 802) 

Current smoker 
( n = 120) P 

Age ( years) 63 ( 52–69) 58 ( 46.25–65) 0.000 
BMI ( kg/m2 ) 27.97 ( 25.25–31.05) 27.39 ( 24.22–30.49) 0.007 
Diabetes, n ( %) 338 ( 30.1) 118 ( 32.8) 0.398 
Hypertension, n ( %) 1083 ( 96.4) 346 ( 96.1) 0.672 
Dyslipidemia, n ( %) 758 ( 67.4) 244 ( 67.8) 0.768 
CKD stage 0.270 
CKD G3 480 ( 42.7) 143 ( 39.7) 
CKD G4/G5 340 ( 30.2) 116 ( 32.2) 
HD 195 ( 17.3) 74 ( 20.6) 
PD 109 ( 9.7) 27 ( 7.5) 

Cardiovascular events during follow-up, n ( %) 103 ( 9.2) 39 ( 10.8) 0.296 
Family history of premature CV event, n ( %) 91 ( 8.1) 20 ( 5.6) 0.122 
Anti-hypertensive drugs 
RAASi, n ( %) 807 ( 71.8) 248 ( 68.9) 0.315 
Diuretics, n ( %) 502 ( 44.7) 153 ( 42.5) 0.429 
Combination RAASi + diuretics 0.571 

None, n ( %) 232 ( 20.6) 79 ( 21.9) 
Diuretic, n ( %) 85 ( 7.6) 33 ( 9.2) 
RAASi, n ( %) 390 ( 34.7) 128 ( 35.6) 
Diuretic + RAASi, n ( %) 417 ( 37.1) 120 ( 33.3) 

Beta-blockers 190 ( 16.9) 46 ( 12.8) 0.068 
Potassium ( mEq/L) 4.79 ( 4.40–5.20) 4.96 ( 4.60–5.30) 0.000 
Hyperkalemia ( K > 5.0) , n ( %) 363 ( 32.3) 147 ( 40.8) 0.003 
Hypokalemia, n ( %) 27 ( 2.4) 5 ( 1.4) 0.249 
Systolic blood pressure ( mmHg) 142 ( 130–158) 139 ( 126.25–153.75) 0.003 
Diastolic blood pressure mmHg 81 ( 74–89) 80 ( 74–89) 0.883 
Total cholesterol ( mg/dl) 168 ( 144–194) 171 ( 148.2–201) 0.088 
HDL cholesterol ( mg/dl) 43 ( 36–52.6) 43 ( 34–50) 0.036 
LDL cholesterol ( mg/dl) 96.7 ( 75–117) 99 ( 74–122) 0.753 
Triglycerides ( mg/dl) 123 ( 92–173) 145 ( 101–199) 0.000 
Glucose ( mg/dl) 99 ( 89–115) 97.3 ( 88–116) 0.280 
Total calcium ( mg/dl) 9.30 ( 8.97–9.70) 9.30 ( 8.90–9.60) 0.631 
Phosphate ( mg/dl) 3.70 ( 3.20–4.50) 3.90 ( 3.36–4.70) 0.009 
Urea ( mg/dl) 93 ( 63–134) 95.2 ( 65–126) 0.352 
Sodium ( mEq/L) 140.30 ( 139–142) 140 ( 138.17–142) 0.226 
CRP ( mg/dl) 1.92 ( 0.94–4.33) 2.25 ( 1.16–4.83) 0.344 
25-OH vitamin D ( ng/ml) 15.64 ( 11.78–19.96) 14.81 ( 10.74–18.88) 0.085 

B) Females 

Non-smoker 
( n = 802) 

Current smoker 
( n = 120) 

P 

Age ( years) 62 ( 50–69) 51 ( 42.75–57.25) 0 .000 
BMI ( kg/m2 ) 27.83 ( 24.35–32.44) 25.55 ( 21.93–30.48) 0 .000 
Diabetes, n ( %) 219 ( 27.2) 17 ( 14.2) 0 .002 
Hypertension, n ( %) 762 ( 94.8) 113 ( 94.2) 0 .787 
Dyslipidemia, n ( %) 516 ( 64.2) 75 ( 62.5) 0 .841 
CKD stage 0 .801 
CKD G3 273 ( 34) 39 ( 32.5) 
CKD G4/G5 296 ( 36.8) 41 ( 34.2) 
HD 152 ( 18.9) 24 ( 20) 
PD 83 ( 10.3) 16 ( 13.3) 

Cardiovascular events during follow-up, n ( %) 53 ( 6.6) 6 ( 5) 0 .472 
Family history of premature CV event, n ( %) 77 ( 9.6) 11 ( 9.2) 0 .879 
Anti-hypertensive drugs 
RAASi, n ( %) 528 ( 65.7) 86 ( 71.7) 0 .236 
Diuretics, n ( %) 394 ( 49) 53 ( 44.2) 0 .256 
Combination RAASi + Diuretics 0 .095 

None 189 ( 23.5) 21 ( 17.5) 
Diuretic 87 ( 10.8) 13 ( 10.8) 
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Table 5: Continued 

Non-smoker 
( n = 1123) 

Current smoker 
( n = 360) P 

RAASi 221 ( 27.5) 46 ( 38.3) 
Diuretic + RAASi 307 ( 38.2) 40 ( 33.3) 

Beta-blockers 138 ( 17.2) 16 ( 13.3) 0 .358 
Potassium ( mEq/L) 4.8 ( 4.37–5.2) 4.70 ( 4.40–5.20) 0 .925 
Hyperkalemia ( K > 5.0) , n ( %) 261 ( 32.5) 37 ( 30.8) 0 .722 
Hypokalemia n ( %) 20 ( 2.5) 5 ( 4.2) 0 .290 
Systolic blood pressure ( mmHg) 140 ( 126–159) 133.5 ( 122.75–150) 0 .008 
Diastolic blood pressure mmHg 81 ( 73–89) 82 ( 75–90) 0 .264 
Total cholesterol ( mg/dl) 186 ( 163.5–212) 189.5 ( 162.5–216.5) 0 .685 
HDL cholesterol ( mg/dl) 53 ( 45–66) 50.5 ( 42.5–60) 0 .120 
LDL cholesterol ( mg/dl) 104 ( 82–124) 109.5 ( 85–132.6) 0 .252 
Triglycerides ( mg/dl) 122 ( 90–164) 121.5 ( 91.2–167) 0 .850 
Glucose ( mg/dl) 95 ( 85–110) 91.2 ( 83–102) 0 .156 
Total calcium ( mg/dl) 9.40 ( 9.00–9.70) 9.30 ( 8.92–9.70) 0 .225 
Phosphate ( mg/dl) 4.00 ( 3.50–4.70) 4.10 ( 3.40–4.80) 0 .693 
Urea ( mg/dl) 99 ( 65–132) 94.5 ( 67.2–113.7) 0 .007 
Sodium ( mEq/L) 140 ( 138–142) 140 ( 138–142) 0 .717 
CRP ( mg/dl) 2.06 ( 0.92–4.88) 1.70 ( 0.88–3.88) 0 .043 
25-OH vitamin D ( ng/ml) 13.91 ( 10.44–18.37) 15.39 ( 10.77–19.42) 0 .449 

Quantitative data expressed as median ( IQR) . BMI: body mass index; CKD: chronic kidney disease; CRP: C reactive protein; CV: cardiovascular; HD: hemodialysis; K: 
potassium; PD: peritoneal dialysis; RAASi: Renin angiotensin aldosterone system inhibitors. Statistically significant P values are highlighted in bold. 

Table 6: Multivariate: analysis of the effect of current smoking on the risk of hyperkalemia stratified by sex. 

Model 1 Model 2 Model 3 

OR ( 95% CI) P OR ( 95% CI) P OR ( 95% CI) P 

A) Males* 
Smoking 1.5 ( 1.2–2.0) 0 .002 1.5 ( 1.2–2.0) 0 .02 1.5 ( 1.2–2.0) 0 .003 
B) Females** 
Smoking 0.9 ( 0.6–1.4) 0 .9 0.9 ( 0.6–1.4) 0 .9 1.1 ( 0.7–1.7) 0 .7 

*Model 1: Crude analysis. Model 2 adjusted by age. Model 3 further adjusted by body mass index, systolic blood pressure, sodium, HDL cholesterol, triglycerides, 
phosphate, treatment with RAASI and diuretics and treatment with beta blockers. 

**Model 1: Crude analysis. Model 2 adjusted by age. Model 3 further adjusted by body mass index, diabetes, systolic blood pressure, Urea, usCRP, treatment with RAASI 
and diuretics and treatment with beta blockers. 
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r following adjustment by age and sex ( OR: 1.932, 95% CI:
.473–2.535) or full adjustment by other comorbidities ( smoking 
tatus, diabetes, hypertension, dyslipidemia, CKD category or 
resence of atheroma plaque. OR: 1.414, 95% CI: 1.069–1.871) 
n sensitivity analyses, among participants with CKD, hyper- 
alemia ( serum potassium > 5.0 mEq/L) was also associated with 
 higher risk of a cardiovascular event ( Table S3, see online 
upplementary material) . 

The association between hyperkalemia and cardiovascular 
vents was stronger in men than in women. In men from the full
ohort, hyperkalemia was associated with cardiovascular events 
n the crude analysis ( OR: 1.988, 95% CI: 1.437–2.750, P < 0.01) , af-
er adjusting by age ( OR: 1.971, 95% CI: 1.425–2.726, P < 0.01) and
n fully adjusted models ( adjusted for age, smoking, diabetes,
ypertension, dyslipidemia, CKD stage, atheroma plaque. OR: 
.458, 95% CI 1.045–2.035; P = 0.027) . However, in women the as-
ociation between hyperkalemia and cardiovascular events was 
ignificant in the crude ( OR: 1.926, 95% CI: 1.172–3.164, P = 0.01)
nalysis and following adjustment by age ( OR:1.847, 95% CI: 
.124–3.036, P = 0.016) but not in the fully adjusted model [OR:
.279 ( 0.757–2.160) , P = 0.357]. The sensitivity analysis in par- 
icipants with CKD yielded similar results ( Table S3, see online
upplementary material) . 

ISCUSSION 

he main findings are that in a cohort of CKD patients se-
ected for the absence of baseline CVD and thus, devoid of
his confounding factor, hyperkalemia is common among men
nd women, but the prevalence and outcomes may differ by
ender. Thus, serum potassium levels were higher and hyper-
alemia and severe hyperkalemia more prevalent in men than
n women in non-dialysis CKD ( G3–G5) . However, RAASi discon-
inuation was more common in women as was severe hyper-
alemia among hemodialysis patients. In multivariate etiolog- 
cal models, current smoking was an independent risk factor
or hyperkalemia in men but not in women. The association
f hyperkalemia with cardiovascular events within 4 years was
tronger in men. 

Overall, participants with CKD displayed an increased preva-
ence of disturbances of potassium homeostasis. However, the

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad212#supplementary-data
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A)

B) C)

Months

Months Months

Non-Hyperkalemia

Hyperkalemia

Non-Hyperkalemia

Hyperkalemia

Non-Hyperkalemia

Hyperkalemia

All

Men Women

P<0,001 (Mantel-Cox)

p <0.001 (Mantel-Cox) p=0.008 (Mantel-Cox)

Figure 3: Incidence of cardiovascular events ( CVE) during a 4-year follow-up according to the baseline presence of hyperkalemia in the whole study population. 
( A) Overall CVE-free survival curves ( * P < 0.001 vs non-hyperkalemia, Mantel-Cox) . ( B) CVE-free survival in men ( * P < 0.001 vs non-hyperkalemia, Mantel-Cox) . ( C) CVE- 
free survival in women ( P = 0.008 vs non-hyperkalemia) . Proportional COX hazards model was used to determine the association of hyperkalemia with cardiovascular 

events. Hyperkalemia was defined as serum potassium > 5.0 mEq/L. 
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pidemiology of potassium abnormalities differed for CKD cat- 
gory, dialysis modality and gender. The prevalence of hyper- 
alemia increased with decreasing eGFR and was higher in in- 
ividuals on hemodialysis than in those on PD. In this regard,
eports of serum potassium in dialysis patients should always 
eport hemodialysis and PD separately, as in the latter the preva- 
ence of hyperkalemia was similar to CKD G3, but they had the 
ighest prevalence of hypokalemia. In non-dialysis CKD, serum 

otassium levels were higher and hyperkalemia more preva- 
ent in men than in women. Among the multiple baseline dif- 
erences between men and women, smoking emerged as both 
ore common in men and associated with hyperkalemia only in 
en, as discussed below. Thus, smoking could contribute to gen- 
er differences regarding hyperkalemia in CKD. The epidemiol- 
gy of severe hyperkalemia also shifted from pre-dialysis ( more 
ommon in men) to hemodialysis ( more common in women) .
owever, the bulk of severe hyperkalemia was observed in 
emodialysis patients. In this regard, PD appears to offer the best 
erum potassium control in terms of preventing hyperkalemia 
nd this may be an advantage especially for women because 
f their higher prevalence of severe hyperkalemia while on 
emodialysis. 
The association of RAASi with hyperkalemia differed for par- 

icipants with CKD according to dialysis status. RAASi were as- 
ociated with hyperkalemia in participants with CKD not on 
ialysis ( CKD G3–G5) , but there was no association in dialysis 
atients. This may be related to the additional potassium ex- 
retion pathways, beyond the urine, in dialysis patients, such 
s hemodialysate or PD effluents. By contrast, diuretics were 
ssociated with lower serum potassium. In this regard, both 
topping RAASi and initiating diuretics may contribute to lower 
erum potassium levels, potentially having opposite impact on 
utcomes: discontinuation of RAASi may deprive patients of 
heir beneficial effects [19 ]. By contrast, adding diuretics may de- 
rease serum potassium as well as improve blood pressure con- 
rol [20 ], which was suboptimal in the present cohort. In fact,
linical guidelines for the management of hypertension recom- 
end starting with dual therapy, for example, with the RAASi- 
iuretic combination [21 ]. Furthermore, adding a diuretic, in- 
tead of stopping RAASi may magnify rather than decrease the 
ositive impact on albuminuria [20 ]. However, stopping RAASi 
as more common that initiating diuretics in the present cohort 
nd hyperkalemia was a variable independently associated with 
topping RAASi in participants not on dialysis, i.e. those that 
ould benefit from their kidney protective effects, but not for 
nitiating diuretics. Moreover, women were more likely to have 
AASi stopped, despite the lower prevalence of hyperkalemia, il- 
ustrating potential gender differences in overall care and/or in 
yperkalemia management. 
Smoking has been associated with hyperkalemia previously 

ut its different impact in men and women had not been 
escribed. In a US cohort of 1 208 815 primary care users,
moking was one of the strongest predictors of hyperkalemia,
ogether with kidney failure, mineralocorticoid receptor an- 
agonists and diabetes [22 ]. Among 180 type-2 diabetes and 
80 non-diabetic patients with CKD followed in a nephrology 
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utpatient clinic, in multivariate analysis, CKD G4 ( OR 4.53) , use 
f angiotensin-converting enzyme inhibitors ( ACEIs; OR 2.23) 
nd smoking ( OR 2.25) were independently associated with hy- 
erkalemia [23 ]. Current smoking was also associated with pre-
ialysis serum potassium variability in hemodialysis patients 
24 ]. Although etiological models suggested a potential causative 
ole of current smoking on hyperkalemia, to our knowledge,
he molecular determinants of hyperkalemia in smoking men 
re unknown. Smoking was associated with higher odds of low
erum bicarbonate in patients with CKD, independently of eGFR,
nd metabolic acidosis promotes potassium exit from cells into 
he extracellular space [25 ]. Why this would be specific for men
emains unclear. Different possibilities include a higher potas- 
ium ingestion in men, observed in some studies of 24 h urinary
otassium excretion [26 ], a higher prevalence of current smok-
ng in men or the number of cigarettes smoked ( a ‘dose’ effect) ,
s women tend to smoke a lower number of daily cigarettes [27 ].
f note, former smokers did not have an increased risk of hy-
erkalemia in our study, suggesting that the impact of smoking
n serum potassium is reversible. In this regard, classical stud-
es already described a rapid, transient and dose-dependent in- 
rease in serum potassium, ( around 67% over baseline) follow- 
ng the parenteral administration of nicotine to dogs, consis- 
ent with release of potassium from cells [28 ]. Additionally, the
moking-induced increase of catecholamines and the effect of 
atecholamines on serum potassium levels over time has also 
een suggested to potentially play a role [23 ]. 

The association of smoking and hyperkalemia may be clin- 
cally significant. Thus, among 434 027 RAASi users, smoking 
as independently associated with the risk of the first occur-
ence of death or cardiovascular events, together with increas- 
ng age, CKD, diabetes, and heart failure [29 ]. In a prospective
tudy of 7636 middle-aged British men followed for 11.5 years,
yperkalemia ( ≥5.2 mEq/L) was independently associated with 
ncreased mortality, particularly non-cardiovascular deaths only 
mong current smokers [30 ]. Indeed, among factors leading to
iscontinuation of ACEIs because of adverse drug events, his- 
ory of smoking was a risk factor for hyperkalemia ( HR: 5.4; 95%
I: 1.3–23.2) [31 ]. 
Despite the association of smoking with hyperkalemia and 

ith the adverse outcomes of hyperkalemia, current textbooks 
o not mention smoking in chapters devoted to hyperkalemia 
or in a recent KDIGO controversies conference of the topic [32 ,
3 ]. We propose that smoking should be addressed in men with
KD and hyperkalemia before considering alternatives such as 
topping RAASi. 

In this cohort free of CVD at baseline, hyperkalemia was
ndependently associated with incident cardiovascular events.
he association was stronger for men than for women. Vari-
us factors may have contributed to this observation, including 
he higher number of men and of cardiovascular events in men.
hese results are original as prior reports on the association of
yperkalemia with CV events in participants with CKD did not
xclude those with baseline CVD. 

Certain limitations should be acknowledged, including those 
nherent to observational studies that do not allow to draw
efinitive cause-and-effect conclusions. The risk factor analy- 
is was centered around baseline risk factors. Additionally, nei- 
her the RAASi dose nor dietary information nor diuretic sub-
lasses were collected. Spain is considered a low CVD risk ( < 100
VD deaths per 100 000) country, together with France, the 
nited Kingdom, Norway, Switzerland, Denmark, Belgium, and 
he Netherlands in Europe [34 , 35 ]. Thus, results may not be ex-
rapolated to higher CVD risk countries. However, the present 
tudy also has strengths. It reports on a large well-characterized
ohort of CKD patients that expand the whole CKD G3 to G5D
pectrum and encompasses both hemodialysis and PD patients.
urthermore, contrary to prior studies, it allows the dissociation
etween factors related to CKD and to CVD, as participants with
aseline clinical or subclinical evidence of CVD were excluded
rom the cohort. Finally, it addresses gender-specific differences
n risk facts and outcomes of hyperkalemia, identifying a clini-
ally actionable and gender-specific risk factor for hyperkalemia,
.e. smoking. However, putative causal relationships should be
alidated in interventional studies. 

In conclusion, hyperkalemia is common among men and
omen with CKD, but the prevalence and outcomes differ, po-
entially leading to actionable items of care. While the associa-
ion observed in the present does not conclusively prove causal-
ty, etiological multivariate models suggest a potentially causal
ole of current smoking on hyperkalemia in men which is fur-
her supported by biological plausibility for a cause-and-effect 
elationship. Stopping smoking should be emphasized in all
KD patients, but especially in men with hyperkalemia given
he intrinsic benefits of stopping smoking and the potential
elationship with hyperkalemia, especially if stopping RAASi is
eing considered. In this regard, hyperkalemia was more clearly
ssociated with adverse cardiovascular outcomes in men than
n women with CKD. However, RAASi were more likely to be
topped in women with non-dialysis CKD despite a lower preva-
ence of hyperkalemia than men, pointing to gender differences
n care that should be better characterized and addressed. 
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PPENDIX 

ladrén Regidor, Mª José Hospital Comarcal Ernest Lluch 
 Calatayud) ; Almirall, Jaume; Ponz, Esther, Corporació Parc 
aulí ( Barcelona) ; Arteaga Coloma, Jesús Hospital de Navarra 
 Pamplona) ; Bajo Rubio, Mª Auxiliadora; Díaz, Raquel Hospi- 
al La Paz ( Madrid) ; Belart Rodríguez, Montserrat, Sistemes Re- 
als ( Lleida) ; Gascón, Antonio, Hospital Obispo Polanco ( Teruel) ; 
over Sanjuan, Jordi, Fundació Puigvert, IIB Sant Pau ( Barcelona) ; 
ronsoms Artero, Josep, Clínica Girona ( Girona) ; Cabezuelo 
omero, Juan B; Muray Cases, Salomé, Hospital Reina Sofía 
 Murcia) ; Calviño Varela, Jesús, Hospital Universitario Lugus 
ugusti ( Lugo) ; Caro Acevedo, Pilar, Clínica Ruber ( Madrid) ; 
arreras Bassa, Jordi, Diaverum Baix Llobregat ( Barcelona) ; 
ases Amenós, Aleix; Massó Jiménez, Elisabet, Hospital Clínic 
 Barcelona) ; Moreno López, Rosario, Hospital de la Defensa 
 Zaragoza) ; Cigarrán Guldris, Secundino; López Prieto, Saray,
ospital Da Costa ( Lugo) ; Comas Mongay, Lourdes, Hospital Gen- 
ral de Vic ( Barcelona) ; Comerma, Isabel, Hospital General de 
anresa ( Barcelona) ; Compte Jové, Mª Teresa, Hospital Santa 
reu Jesús ( Tarragona) ; Cuberes Izquierdo, Marta, Hospital Reina 
ofía ( Navarra) ; de Álvaro, Fernando; Hevia Ojanguren, Cov- 
donga, Hospital Infanta Sofía ( Madrid) ; de Arriba de la Fuente,
abriel, Hospital Universitario Guadalajara ( Guadalajara) ; del 
ino y Pino, Mª Dolores, Complejo Hospitalario Universitario 
orrecardenas ( Almería) ; Diaz-Tejeiro Izquierdo, Rafael; Ahi- 
ado Hormigos, Francisco Hospital Virgen de la Salud ( Toledo) ; 
otori, Marta. USP Marbella ( Málaga) ; Duarte, Verónica, Hospi- 
al de Terrassa ( Barcelona) ; Estupiñan Torres, Sara, Hospital Uni- 
ersitario Canarias ( Santa Cruz de Tenerife) ; Fernández Reyes,
ª José, Hospital de Segovia ( Segovia) ; Fernández Rodríguez,
ª Loreto, Hospital Príncipe de Asturias ( Madrid) ; Fernández,
uillermina, Clínica Santa Isabel ( Sevilla) ; Galán Serrano, An- 
onio, Hospital General Universitario de Valencia ( Valencia) ; 
arcía Cantón, Cesar, Hospital Universitario Insular de Gran 
anaria ( Las Palmas) ; García Herrera, Antonio L, Hospital Uni- 
ersitario Puerto Real ( Cádiz) ; García Mena, Mercedes, Hospital 
an Juan de Dios ( Zaragoza) ; Gil Sacaluga, Luis; Aguilar, Maria,
ospital Virgen del Rocío ( Sevilla) ; Górriz, José Luis, Hospital Uni- 
ersitario Doctor Peset ( Valencia) ; Huarte Loza, Emma, Hospi- 
al San Pedro ( Logroño) ; Lerma, José Luis, Hospital Universitario 
alamanca ( Salamanca) ; Liebana Cañada, Antonio, Hospital de 
aén ( Jaén) ; Marín Álvarez, Jesús Pedro, Hospital San Pedro de Al- 
ántara ( Cáceres) ; Martín Alemany, Nàdia, Hospital Jose p Trueta 
 Girona) ; Martín García, Jesús, Hospital Nuestra Señora de Son- 
oles ( Ávila) ; Martínez Castelao, Alberto, Hospital Universitari 
e Bellvitge ( Barcelona) ; Martínez Villaescusa, María, Complejo 
ospitalario Universitario de Albacete ( Albacete) ; Martínez, Is- 
bel, Hospital Galdakao ( Bilbao) ; Moina Eguren, Iñigo, Hospital 
asurto ( Bilbao) ; Moreno Los Huertos, Silvia, Hospital Santa Bár- 
ara ( Soria) ; Mouzo Mirco, Ricardo, Hospital El Bierzo, Ponfer- 
ada ( León) ; Munar Vila, Antonia, Hospital Universitari Son Es- 
ases ( Palma de Mallorca) ; Muñoz Díaz, Ana Beatriz, Hospital 
irgen del Consuelo ( Valencia) ; Navarro González, Juan F, Hos- 
ital Universitario Nuestra Señora de Candelaria ( Santa Cruz de 
enerife) ; Nieto, Javier; Carreño, Agustín, Hospital General Uni- 
ersitario de Ciudad Real ( Ciudad Real) ; Novoa Fernández, En- 
ique, Complexo Hospitalario de Ourense ( Ourense) ; Ortiz, Al- 
erto; Fernandez, Beatriz, IIS-Fundación Jiménez Díaz ( Madrid) ; 
araíso, Vicente, Hospital Universitario del Henares ( Madrid) ; 
érez Fontán, Miguel, Complejo Hospitalario Universitario A 

oruña ( A Coruña) ; Peris Domingo, Ana, Hospital Francesc de 
orja ( Valencia) ; Piñera Haces, Celestino, Hospital Universitario 
arqués de Valdecilla ( Santander) ; Prados Garrido, Mª Dolores,
ospital Universitario San Cecilio ( Granada) ; Prieto Velasco,
ario, Hospital de León ( León) ; Puig Marí, Carmina, Hospital 
’Igualada ( Barcelona) ; Rivera Gorrín, Maite, Hospital Univer- 
itario Ramón y Cajal ( Madrid) ; Rubio, Esther, Hospital Puerta 
el Hierro ( Madrid) ; Ruiz, Pilar, Hospital Sant Joan Despí Moisès 
roggi ( Barcelona) ; Salgueira Lazo, Mercedes; Martínez Puerto,
na Isabel, Hospital Virgen Macarena ( Sevilla) ; Sánchez Tomero,
osé Antonio, Hospital Universitario de la Princesa ( Madrid) ; 
ánchez, José Emilio, Hospital Universitario Central de Asturias 
 Oviedo) ; Sans Lorman, Ramon, Hospital de Figueres ( Girona) ; 
aracho, Ramon, Hospital de Santiago ( Vitoria) ; Sarrias, Maria; 
erón, Daniel, Hospital Universitari Vall d’Hebron ( Barcelona) ; 
oler, María José; Barrios, Clara, Hospital del Mar ( Barcelona) ; 
ousa, Fernando. Hospital Rio Carrión ( Palencia) ; Toran, Daniel,
ospital General de Jerez ( Cadiz) ; Tornero Molina, Fernando,
ospital de Sureste ( Arganda del Rey) ; Usón Carrasco, José Javier,
ospital Virgen de la Luz ( Cuenca) ; Valera Cortes, Ildefonso, Hos- 
ital Virgen de la Victoria ( Málaga) ; Vilaprinyo del Perugia, Mª
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