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Abstract

Background/Aims—Hypokalemia and hyperkalemia are often noted in chronic kidney disease
(CKD) patients but their impact on mortality and end stage renal disease (ESRD) is less well
understood. We aimed to study the associations between potassium disorders, and mortality and
progression to ESRD in a CKD population.

Methods—Using our Electronic Health Record-based CKD registry, 36,359 patients with eGFR
< 60 ml/min/1.73m?2 and potassium levels measured from January 1, 2005 to September 15, 2009
were identified. We examined factors associated with hypokalemia (<3.5 mmol/l) and
hyperkalemia (>5.0 mmol/l) using logistic regression models and associations between serum
potassium levels (both as continuous and categorical variables) and all-cause mortality or ESRD
using Cox-proportional hazards models.

Results—Serum potassium <3.5 mmol/l was noted among 3% and >5.0 mmol/l among 11% of
the study population. In the multivariable logistic regression analysis, lower eGFR, diabetes and
use of ACE inhibitors or Angiotensin-Receptor Blockers were associated with higher odds of
having hyperkalemia. Heart failure and African American race were associated with higher odds
of hypokalemia. After adjustment for covariates including kidney function, serum potassium <4.0
mmol/l and >5.0 mmol/I were significantly associated with increased mortality risk but there was
no increased risk for progression to ESRD. Time-dependent repeated measures analysis confirmed
these findings. When potassium was examined as a continuous variable, there was a U-shaped
association between serum potassium levels and mortality.
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Conclusion—In patients with stage 3—-4 CKD, serum potassium level <4.0 mmol/l and >5.0
mmol/l are associated with higher mortality but not with ESRD.
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Background

Methods

The kidneys play a crucial role in potassium homeostasis and the importance of their
contribution in the maintenance of potassium balance is reflected by the high rates of
potassium disorders in patients with decreased kidney function (1, 2). Indeed, individuals
with chronic kidney disease (CKD) and those with end-stage renal disease (ESRD) can
experience both hyperkalemia and hypokalemia; the former typically occurs by virtue of
their low kidney function or as a consequence of drugs such as Angiotensin Converting
Enzyme inhibitors (ACEIs) or Angiotensin-Receptor Blockers (ARBSs) while the latter is
typically a consequence diuretic administration (3).

Among dialysis patients, hyperkalemia has been associated with higher mortality due to its
arrhythmogenic effects (4, 5). Hypokalemia has also been linked to higher mortality in
dialysis patients, not only because of the electrophysiological effects of potassium, but also
because hypokalemia often reflects a poor underlying nutritional status (6). In CKD patients
not on dialysis, however, the impact of potassium disorders on outcomes is unclear. Recent
evidence suggests that the relationship between serum potassium and mortality follows a U-
shaped curve, wherein both low and high serum potassium are associated with an increase in
mortality (7, 8). However, the data is heterogeneous with a variable follow-up ranging from
1 day to 4 years and variable number of potassium values per patient (9). In addition, low
serum potassium has been postulated to be a risk factor for the progression of CKD, as it had
been shown to induce kidney damage via modulation of renal inflammation and impaired
angiogenesis (10-12). To our knowledge, the association between serum potassium and
ESRD has not been studied in detail. Therefore, we examined the associations between
serum potassium and all-cause mortality and ESRD in a cohort of stage 3 and stage 4 CKD
patients following in our health care system.

We conducted an analysis using our preexisting Electronic Health Record (EHR)-based
CKD registry. The development and validation of our EHR-based CKD registry at
Cleveland Clinic have been described in detail elsewhere (13).

Study Population

Patients who met the following criteria from January 1, 2005 to September 15, 2009, were

included in the study population: (1) had at least one face-to-face outpatient encounter with
a Cleveland Clinic health care provider, (2) had two or more estimated GFR (eGFR) values
<60 ml/min per 1.73 m2 more than 90 days apart, and (3) had a potassium measured on the
date of the second eGFR <60 ml/min per 1.73m2. Patients aged <18 years old, who entered
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the registry after 9/15/2009 and those who were diagnosed with ESRD needing dialysis or
renal transplant before the date of second eGFR <60 ml/min/1.73 m? were excluded.

Definitions and Outcome Measures

Renal Function—We applied the CKD-EPI equation to patients in our health system who
had two outpatient serum creatinine levels between January 1, 2005, and September 15,
20009, to calculate eGFR (14). All creatinine measurements were performed by the modified
kinetic Jaffe reaction, using a Hitachi D 2400 Modular Chemistry Analyzer (Roche
Diagnostics, Indianapolis, IN) in our laboratory. CKD was defined according to current
guidelines as follows: stage 3 CKD (eGFR 30-59 ml/min per 1.73 m?) and stage 4 CKD
(eGFR 15— 29 ml/min per 1.73 m2). We further categorized stage 3 into CKD stage 3a
(eGFR 45-59 ml/min per 1.73 m2) and stage 3b (eGFR 30-44 ml/min per 1.73 m?).

Serum Potassium—Only outpatient serum potassium laboratory measures obtained with
a same reference range were included in this analysis. Serum potassium levels measured on
the day of CKD confirmation (second eGFR <60 ml/min per 1.73 m? at least 90 days after
the first eGFR), as described, were used for the analysis in which single potassium measured
was considered. For our time-dependent repeated measures analysis, we included the
baseline potassium as well as the first potassium with appropriate reference range measured
each month during the study follow-up. We used carry-forward values to fill in data for
months with no potassium measurement.

Comorbid Conditions and Laboratory Parameters—Demographic details were
extracted from the EHR. Diabetes mellitus, hypertension, coronary artery disease, and other
comorbid conditions were defined using pre-specified criteria and validated (13). Serum
potassium levels and other relevant outpatient laboratory details were obtained from our
electronic laboratory records.

Outcomes—The primary outcomes of interest, all-cause mortality and ESRD were
ascertained from our EHR and linkage of our CKD registry with the Social Security Death
Index and United States Renal Data Services (USRDS). Patients were followed from their
date of inclusion in the registry (date of second qualifying eGFR) until September 15, 2009.

Statistical Analyses

CKD patients with measured outpatient serum potassium values at the time of second eGFR
<60 ml/min per 1.73 m2 were further classified into three groups: <3.5 mmol/I, 3.5-3.9
mmol/l, 4.0-4.9 mmol/l, 5.0-5.5 mmol/l and >5.5 mmol/l based on clinical relevance and
previous reports. Associations of the baseline characteristics for these groups were assessed
using Chi-square and ANOVA tests for categorical and continuous variables respectively.

Two separate logistic regression analyses were conducted to examine the association of low
(<3.5 mmol/l) or high (>5.0 mmol/l) serum potassium levels with potential covariates. For
each of these models, the reference group was all patients with normal serum potassium
levels based on our laboratory reference values (3.5-5 mmol/l). Covariates were based on
information known prior to second eGFR<60 and chosen a priori based on factors
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previously shown or thought to be related to both serum potassium, ESRD and mortality.
These include age, gender, race, body mass index (BMI), eGFR, diabetes, hypertension,
malignancy, coronary artery disease, heart failure, chronic obstructive pulmonary disease
(COPD) and/or asthma, use of ACE/ARB, and use of Beta Blockers.

To evaluate whether survival and ESRD among persons with CKD was associated with
serum potassium levels, we used Kaplan-Meier plots and log-rank tests with date of second
eGFR <60 ml/min/1.73 m? as the time of origin. Progression to ESRD and pre-ESRD death
are competing events; therefore we fitted cumulative incidence functions that adjust for
competing risks and compared these results to the traditional cause specific analysis. In
addition, a separate analysis that included all deaths (both before and after ESRD) was also
conducted. We used Cox proportional hazards models to assess the association between
serum potassium and mortality and ESRD while adjusting for other covariates mentioned
above, as well as cerebrovascular disease, peripheral vascular disease, potassium sparing
diuretics, non-potassium sparing diuretics, potassium supplementation, serum bicarbonate,
log glucose and albumin. To incorporate serum potassium results obtained after inception
we fitted a Cox proportional hazards model with time-dependent repeated measures of
potassium while adjusting for all variables mentioned before. We used splines to relax
linearity assumptions for continuous variables included in the models. We also examined the
relationship between continuous baseline serum potassium and each outcome using
restricted cubic splines.

We tested 2-way interactions between baseline serum potassium and the following
covariates: age, gender, race, diabetes and eGFR in the adjusted Cox proportional hazards
model. 0.3% of patients had missing serum glucose and/or bicarbonate data and 13% of
patients had missing albumin. We used mean value imputation to include all patients in the
cox model. To evaluate the effect of the imputation we also fit a model with time-dependent
serum potassium with complete case data. We did not adjust for proteinuria in our main
models because we only had data in 49% of the sample. However, we performed a
sensitivity analysis fitting cox models with time-dependent serum potassium as described
above and adjusting for proteinuria in a sensitivity analysis.

All data analyses were conducted using Unix SAS version 9.2 (SAS Institute, Cary, NC) and
R 3.0.1 (The R Foundation for Statistical Computing, Vienna, Austria). The cmprsk package
was used for competing risk analysis. The CKD registry and this study were approved by the
Cleveland Clinic Institutional Review Board.

Patient characteristics

There were 42,912 patients with stage 3 and 4 CKD from our CKD registry, and of those,
36,359 (85%) had serum potassium levels measured on the date of second eGFR <60 ml/min
per 1.73 m2 with reference ranges 3.5-5 mmol/l and constituted the study population
(Supplemental Figure 1). Patients who had had measurements with different assays
(n=4,725, 11%) were excluded. Mean age of the study population was 72 + 11.9 years with
55% being females and 13% African Americans. Demographic variables and comorbid
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conditions were significantly different among patients with various ranges of serum
potassium levels (Table 1). Serum potassium <3.5mmol/l was noted among 3% and >5.0
mmol/l was observed among 11% of the study population.

Factors associated with low and high serum potassium levels

Low serum potassium levels (<3.5 mmol/l)—In the multivariable analysis, the
following variables were associated with higher odds of having low potassium levels
compared to normal: African American race, lower eGFR, malignancy, and heart failure
(Table 2). Conversely, the following variables were associated with having lower odds of
having low serum potassium levels: older age, male gender, being overweight, diabetes,
hypertension and use of ACE/ARB (Table 2).

High serum potassium levels (>5.0 mmol/l)—In the multivariable analysis, the
following variables were associated with higher odds of having high potassium levels
compared to normal: male gender, lower eGFR, BMI <18.5 kg/m?, diabetes, malignancy,
and use of ACE/ARB (Table 2). The following variables were associated with having lower
odds of having high serum potassium levels: higher age and higher BMI (Table 2).

Serum potassium levels, ESRD and all-cause mortality

Among our study population, 6,114 of them died before reaching ESRD and 772 reached
ESRD during an average follow-up of 2.3 years. A total of 6,379 patients died overall. Both
the Kaplan-Meier and competing risk analyses showed a significant difference in overall
mortality and ESRD among those with different potassium levels (p<0.001, Figure 1) and
the results were similar in both analytical approaches. In the multivariate model (time-
dependent repeated measures analysis) adjusting for demographics, comorbid conditions,
medications use, lower levels of serum potassium (<3.5 and 3.5-3.9 mmol/l) were
associated with higher risk for mortality. Similar higher risk for mortality was noted for
those with higher levels of serum potassium (5.0 =5.4 and >5.5 mmol/l) (Table 3). No such
associations between potassium levels and ESRD were noted (Table 3). In a model in which
only baseline serum potassium was considered as the explanatory variable, serum potassium
levels >5.5 mmol/l was associated with higher risk for death (Supplemental table 1). There
was a U-shaped association between serum potassium levels and mortality when serum
potassium was examined as a continuous variable (Figure 2).

Effect modification by age and CKD stage

We found significant 2-way interactions between serum potassium and age and eGFR on
mortality, which indicated that the increased mortality hazard associated with abnormal
levels of serum potassium was different at different ages (p=0.04) and eGFR stages
(p<0.001). Age appears to modify the association with younger patients showing stronger
association and seems to either attenuate or lose of statistical significance in elderly
population (Supplemental table 2). The interaction with CKD stage suggested that serum
potassium is associated with increased mortality among patients with stage 3a but not in
other stages of CKD (data not shown).
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Sensitivity analyses

In a sensitivity analysis in which we included patients who had proteinuria data (n=17,790),
similar results were noted (data not shown). Results from the model including only patients
with complete data (complete case analyses) were qualitatively similar to those in the model
using mean value imputation and a class level for missing BMI groups.

Discussion

In this large cohort of patients with stage 3 and 4 CKD, the prevalence of hypokalemia (K
<3.5 mmol/L) and hyperkalemia (K >5.0 mmol/L) were 3% and 11% respectively.
Hyperkalemia was more frequently observed in patients with lower eGFR, treated with
ACEI/ARB and those with conditions known to cause cellular shifts such as diabetes. On the
other hand, hypokalemia was more often seen in African Americans and in patients taking
diuretics. We observed a U-shaped association between serum potassium and death with
both lower and higher levels of potassium being associated with increased risk of death.
However, neither low nor high serum potassium levels were associated with progression to
ESRD.

Hypokalemia and hyperkalemia are frequently observed in patients with CKD. As the eGFR
falls, the renal excretion of potassium is reduced, and the prevalence of hyperkalemia
increases from 2% in patients with eGFR > 60 ml/min/1.73m? to 42% in patients with eGFR
<20 ml/min/1.73 m2(15, 16). Other factors that have been linked to hyperkalemia include
cellular shifts from underlying acidosis or diabetes and treatment with RAAS blockers such
as ACEI or ARB (17-20). Hypokalemia on the other hand, is often seen in the setting of
diuretic use and has been proposed as a marker of poor nutritional status (21). Our findings
were concordant with the previous studies: hyperkalemia was more frequently observed in
patients with lower GFR, treated with ACEI/ARB and those with diabetes. These same
factors were associated with lesser risk for hypokalemia. On the other hand, diuretics were
associated with higher odds of hypokalemia and lower odds of hyperkalemia. Black race
was also associated with higher odds of hypokalemia. Previous reports have shown that
African Americans have lower mean serum potassium concentration than whites in non-
CKD population and the risk for unprovoked hypokalemia was five times that of Whites
(22-25). Our findings extend this to African Americans with CKD and suggest the need to
monitor them closely for development of hypokalemia.

Hypokalemia has been previously linked to increased mortality in patients with heart failure
and acute myocardial infarction (26, 27). In a propensity-matched analysis, Bowling et al.,
reported an association between low serum potassium (defined as <4 mmol/l) and mortality
in those with CHF and CKD (28). In a CKD population with mean eGFR of 25.4 ml/min/
1.73 m2, an association between low serum potassium and mortality was reported. Our
findings extend these observations to those without heart failure and to those with stage 3
CKD. Low serum potassium levels affect the myocardial resting membrane potential which
can lead to ventricular arrhythmias and sudden cardiac death (29). Low potassium levels can
also be a reflection of a poor nutritional status, which in turn portends poor prognosis (30)
but in the repeated measures analysis, the association between hypokalemia (both in the 3.5
3.9 mmol/l and <3.5 mmol/l) and mortality remains despite adjusting for serum albumin.
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In our study population, serum potassium >5.0 mmol/l is also associated with increased
mortality in non-dialysis-dependent CKD patients, a finding that is typically attributed to the
arrhythmogenic effects of potassium. In a secondary analysis of the Renal Research Institute
(RRI) study CKD cohort, an increased risk of the composite of death or cardiovascular
events requiring hospitalization was observed but did not show an increase in overall
mortality (8). The differences between our study and the RRI study could be attributed to the
reference ranges used (4-5.5 mmol/l in RRI vs. 4.0-4.9 mmol/l in our study). However,
another study included hospitalized CKD patients and demonstrated higher risk for death
within 1 day among those with hyperkalemia (31). Our study shows a clear association
between serum potassium and mortality with hypokalemia <4.0 mmol/L and hyperkalemia
>5.0 mmol/L (Table 3).

However, when looking at the interaction between age groups and potassium, we found a
statistically significant association between serum potassium of 3.5-3.9 mmol/L and
mortality for patients aged <80 years old but not in those aged >80 (Supplemental Table 2).
A potential explanation could relate to the high morbidity load of patients aged above 80
that would put them at risk of death regardless of their serum potassium. Baseline kidney
function seem to modify the associations between serum potassium and outcomes as patients
with hypo/hyperkalemia and stage 3a CKD (eGFR 45-59 ml/min/1.73m?2) were more likely
to die than those with stage 3b and stage 4 CKD (eGFR < 45 ml/min/1.73m?). Such findings
could be attributed to the fact that higher occurrence of chronic hyperkalemia in CKD
patients might be better tolerated than acute hyperkalemia. This in turn might lead to a
reduced sensitivity to cardiac complications (32). Whether such phenomenon exists for
hypokalemia warrants further studies.

It has been suggested that potassium disorders could lead to progression of renal disease.
Hypokalemia in particular could contribute to interstitial renal scarring and experimental
studies suggest that chronic hypokalemia can lead to renal fibrosis via modulation of renal
inflammation and local activation of the RAAS (11, 33, 34). Current clinical evidence
provide conflicting findings as some studies suggest that hypokalemia was associated with
progression to ESRD, while others did not observe such association after adjustment for
nutritional indices (serum albumin) (8, 35). Hayes et al noted that hypokalemia was
associated with renal progression but the association with hard renal outcome, such as
reaching ESRD was unclear (36). Table 3 shows that there could be a higher risk for ESRD
in those with serum potassium 3.5-3.9 mmol/l but the overall p-value for the model wasn’t
significant suggesting that no associations exist between hypokalemia and ESRD. Despite
the large sample size and inclusion of relevant confounders, we didn’t observe an
association between hypokalemia and kidney disease progression.

Strengths of this analysis include a large diverse patient population with stage 3 and 4 CKD,
availability of several confounding variables and the use of time-dependent repeated
measures analyses. However, retrospective analyses are prone to residual confounding.
While we included several variables that could affect serum potassium levels and are related
to mortality (diabetes, serum bicarbonate, medications etc.), we lacked details about
nutritional data. Further, our patients have been followed in a health care system and hence
these data might not be applicable to the community-dwelling adults with CKD
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In summary, hypokalemia and hyperkalemia are often noted in those with CKD. Several
clinical and demographic factors are associated with potassium disorders. Both serum
potassium levels <4.0 mmol/l and >5.0 mmol/I are associated with all-cause mortality but
not with ESRD in those with stage 3 and stage 4 CKD. These associations are modified by
the stage of kidney disease and age and further studies are needed to understand the potential
mechanisms that explain these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cumulative incidence curve for death and ESRD for various categories of serum potassium
(Graph shows that the unadjusted risk for mortality and ESRD differ among patients with

different serum potassium levels)
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Figure 2.

log Relative Hazard

-10 4

-12 4

=

Mortality
Il 1
ot
,//‘
-

i
T T
5 6

Serum Potassium mmol/l

-~

Page 12

Relationship between serum potassium (as a continuous measure) and all-cause mortality
(The graph shows a U-shaped relationship between continuous potassium and mortality.

Splines were used to allow for non-linear relationship. Knots were placed at potassium
values of 3.6, 4.1, 4.4, 4.7 and 5.3).

Am J Nephrol. Author manuscript; available in PMC 2016 July 25.



Page 13

Nakhoul et al.

0'€L 1L 229 T'6S 9'0S 129 sgAV/I30V 40 85N
8'vC e v've e N4 e AKoueubijen
Ty 9¢ L 6T 12 LT aseasip fejnosen [esayduad
907 €01 76 9L 79 06 85ESIP JBINISLAOIGRIBD
AN 96 6L €L 96 78 aunjrey Weay aAnsabuo)
T4 €2 8'1e 6'9T TVl §TC aseasip A1ape Areuoiod
8'€8 698 88 6'18 6'9L €v8 uoisushadAH
e G562 L12 6'GT €91 6'1C salaqeIq
L8 68 '8 T6 €6 98¢ adoo
587 €o1 7’91 €61 8'€C TLT BuissiN
98 €L 7’9 69 T8 L9 SOA
0€L '9L TLL LEL 7'89 9L ON
snyels Bujows
TS Y Y 67 4 4 Buissin
0'9g eve 29 T z'8e 29 2W/Bx +0€
9TE 6'GE 7'GE £'ee 9'6C 8've 2W/B 6'62-G¢
0'6e 6'€C T'€C 7'€C 99z 144 2W/B> 6'77-G'8T
€2 LT zT €T 7T €T W/ §°8T>
dnoib NG
§'/F5'6C 7'970'62 £'972'62 §'9FE'6Z 0’77’62 7’97262 /by INg
r've 144 €L 09 €01 g8 (62-T) ¥ obers
8'9¢ 9'€e 6'S2 r've v'92 6'92 (¥-0€) qe abers
8'8¢ 028 8'99 9'69 €'€9 99 (65-5v) g abeIS
abels Mo
Z'ZIF6'6E VIIFS'EY 0'0TF9'LY 8'6FE '8y TTIFC OV v'0TF0'LY 499
€61 1T 91T 78T €9¢ CEeT URILIBWY URILIYY
z€s LTS 8'sy T Gee TSy Japuab afeiN
6'ZIFY'0L T2IF6'TL LTIFL2L 6'T1F0'CL Y'E1FL'89 6'TIFECL by
(eT2T=N) §'6< (te6e=N) 's-G  (LT/v2=N)6'v—v (26€5=N) 6'€¢-G'€  (90TT=N) G'€>  (6SE9E=N) [e30L _8lqerren

Author Manuscript

T alqel

Author Manuscript

s|ana] winisselod winiss uo paseq uonejndod Apnis Jo sonsuadRIRYD

Author Manuscript

Author Manuscript

Am J Nephrol. Author manuscript; available in PMC 2016 July 25.



Page 14

Nakhoul et al.

AoueuBijew pue ‘ewyise/adoD ‘1NG snonunuod 1dadxa sdnoih ssoioe Juediyiubis Ajjeansiess ssjqerten
IV "(% uwnjod) N 40 ‘[G2d ‘Gzd] UBIPSIN ‘QS F UBBIAl Se pajuasald sanfeA "TG. 'y ulwng|e ‘ST = [p/B 509N ‘OTT = |/|0WW 20D WNJSS ‘90T = |/|OWW WNIPOS WNIdS ‘Z9ST = NG :sanfeA Buissiiy

'$108[gns |[e 0} 8|qe[IeAR J0U el
M

"pa1410ads 8SIMIBYIO0 SSBJUN 04 Se pajuasald Sa|qeLIeA ||y

[o2eT'0'88]0°€0T
¥5'0F0'Y
TVF9'€Z

v'vF6°LET
zo1
7’19
8'95
665

[o9zT'068l0'T0T  [0°2TT'0°8810'66

LY OFT'Y P oFT Y

' €¥0'SC TEFT'9C

G'EF0'6ET 0'€+S'6ET
T0T 6'TT
T€9 8'€9
7’09 9'99
079 S'vS

[oozT'068l0'T0T  [0°62T°0'T6]0°90T  [0°02T°0'68]0°00T

0S'0¥0'7 T9'0¥6°€ ' OFT Y

€€¥8'9C Y¥SLe £'€¥0'9¢

C'EFI6ET CV¥6'8ET CEFV6ET
§'6T 8'0¢ €€l
T'SL 6'SL 6'99
§'6¥ oLy 9'8S
8'09 9'6¥ L'vS

*_EmE 9s00n|6 wnJas
Ip/B utwingje wnisg

J/oww ejeuogrediq wnieg

Joww wnipos wnuss
juawia|ddns

asn anainig

sunels Jo asn

$19520]g ®19g 40 3sN

(€T2T=N) §'3<

(1€6€=N) '3~ (LT.¥2=N) 67—V

(z6e5=N) 6'¢-6'¢  (90TT=N) G'e>  (6SE€9E=N) |e30L

~SIqeLIEA

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Nephrol. Author manuscript; available in PMC 2016 July 25.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Nakhoul et al.

Table 2

Associations of low (K <3.5 mmol/l) and high serum potassium levels (K >5 mmol/l) in non-dialysis
dependent CKD

Effect

Hypokalemia OR (95% CI)*

Hyperkalemia (OR (95% CI)*

Age (per 10 years incremental increase)

Male sex

African American race
eGFR (per 5 ml/min decrease)

BMI group (Ref: 18.5-24.9 kg/m?)

<18.5 kg/m?
18.5-24.9 kg/m?
25-29.9 kg/m?
=30 kg/m?
Missing
Diabetes
Hypertension

Malignancy

Coronary artery disease

Congestive heart failure

COPD

Use of ACEI/ARBs

Use of Beta Blockers

0.80 (0.76, 0.84)
0.65 (0.57, 0.74)
2.34 (2,03, 2.69)
1.06 (1.03, 1.09)

0.74 (0.43, 1.25)
Ref
0.80 (0.68, 0.94)
0.87 (0.74, 1.02)
0.86 (0.63, 1.18)
0.77 (0.65, 0.92)
0.75 (0.64, 0.88)
1.17 (1.01, 1.35)
0.84 (0.70, 1.02)
1.50 (1.20, 1.87)
1.13 (0.91, 1.39)
0.71 (0.62, 0.82)
1.04 (0.91, 1.19)

0.90 (0.87, 0.92)
1.37 (1.28, 1.47)
0.92 (0.83, 1.02)
1.25 (1.23, 1.27)

1.60 (1.23, 2.08)
Ref
0.87 (0.80, 0.96)
0.77 (0.70, 0.85)
0.97 (0.81, 1.16)
1.53 (1.41, 1.66)
1.03 (0.93, 1.15)
1.12 (1.03, 1.21)
1.09 (1.00, 1.19)
0.95 (0.84, 1.07)
1.02 (0.90, 1.16)
1.40 (1.29, 1.52)
1.06 (0.98, 1.14)
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Table 3

Associations between serum potassium levels and outcomes (ESRD and death) in non-dialysis dependent
CKD

Overall Mortality HR (95%CI) ESRD HR (95%Cl)

<3.5 mmol/l 1.95 (1.74, 2.18) 0.97 (0.67, 1.40)
3.5-3.9 mmol/l 1.16 (1.09, 1.25) 1.39 (1.13, 1.70)
4-4.9 mmol/l Reference Reference

5-5.4 mmol/l 1.12 (1.03, 1.21) 1.17 (0.96, 1.42)
>5.5 mmol/l 1.65 (1.48, 1.84) 1.20 (0.91, 1.58)

*

Models adjusted for age, gender, race, diabetes, hypertension, malignancy, Congestive heart failure, coronary artery disease, COPD/asthma, BMI
group, history of ACE/ARB, potassium sparing diuretics, not potassium sparing diuretics, beta blockers, eGFR, potassium supplementation,
cerebrovascular disease, peripheral vascular disease, serum bicarbonate, log glucose and albumin. Mean value imputation was used for serum
bicarbonate, glucose and albumin

* %
First potassium per patient per month was used in the analysis. Missing data is filled as follows: potassium value is carried forward until a new

potassium value is observed. All subjects and all follow up are included regardless of the amount of time elapsed since last potassium
measurement. Median time from last potassium measured to death/censor is 5.4 months.
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