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Abstract
Background and objectives
Dietary potassium restriction in people receiving maintenance hemodialysis is standard practice and is recommended in guidelines despite a lack of evidence. We aimed to assess the association between dietary potassium intake and mortality and whether hyperkalemia mediates this association.
Design, setting, participants, and measurements
8043 adults undergoing maintenance hemodialysis in Europe and South America were included in the DIET-HD study. We measured baseline potassium intake from the GA2LEN food frequency questionnaire and performed time-to-event and mediation analyses.
Results
The median potassium intake at baseline was 3.5 g/day (IQR 2.5 to 5.0). During a median follow-up of 3.97 years (25,890 person-years), we observed 2921 (36%) deaths. After adjusting for baseline characteristics, including cardiac disease and food groups, dietary potassium intake was not associated with all-cause mortality (HR=1.00 95% CI 0.95 to 1.05 per 1g/day increase in dietary potassium intake). A mediation analysis showed no association of potassium intake with mortality either through or independent of serum potassium (HR=1.00, 95% CI 1.00 to 1.00 and 1.01, 95% CI 0.96 to 1.06, respectively). Higher potassium intake was not associated with higher serum levels (B=0.03 mEq/L 95% CI -0.01 to 0.07) or the prevalence of hyperkalemia (≥ 6.0mEq/L) at baseline (OR=1.11, 95% CI 0.89 to 1.37). Hyperkalemia was associated with cardiovascular death (HR=1.23 95% CI 1.03 to 1.48).
Conclusions
Higher dietary intake of potassium is not associated with hyperkalemia or death in patients treated with hemodialysis.


Introduction
Adequate intake of fruits and vegetables is encouraged in the general population to prevent non-communicable diseases, such as cardiovascular disease and cancer.(1) In contrast, people treated with maintenance hemodialysis are advised to limit intake of potassium-rich fruits and vegetables to prevent hyperkalemia, arrhythmia and death.(2, 3) Limiting potassium intake to 2-2.5g/day for patients undergoing hemodialysis is widely recommended, but based on little scientific evidence(4-7).

Recently, the lower certainty evidence supporting dietary potassium restriction has been recognized, together with the potentially detrimental effects of depriving hemodialysis patients of the potential benefits associated with a potassium-replete diet, including better quality of life from fewer dietary restrictions.(8) 

We aimed to assess the association between dietary potassium intake and mortality in a large multinational cohort of patients treated with maintenance hemodialysis and to define the extent to which serum potassium levels mediate any association between potassium intake and death.


Methods
Study design
This is a sub-study and mediation analysis of the DIET-HD study, a prospective, multinational study evaluating the relationship between diet and adverse health outcomes in adults undergoing maintenance haemodialysis.(9)

Study population
Adults aged 18 years or older receiving hemodialysis treatments from a private dialysis provider network in Europe (France, Germany, Italy, Hungary, Poland, Portugal, Romania, Spain, Sweden, and Turkey) and South America (Argentina) were recruited between January 2014 and 2015. We excluded participants unable to complete a food frequency questionnaire (FFQ), with limited life expectancy or expected to undergo kidney transplantation within six months. The study was in accordance with the Declaration of Helsinki. All relevant institutional ethics committees approved the study. All participants provided written informed consent.

Baseline characteristics
Using data linkage, we extracted from the dialysis provider database information regarding sociodemographic characteristics, physical activity, education, living arrangements, smoking status, comorbidities, medication, blood pressure, dialysis prescription and vascular access. Blood samples were collected routinely before the mid-week dialysis treatment. Serums were analysed by indirect ion-selective electrodes on a DxC 700 AU and AU 680 Chemistry Analyzers for European participants and an AU5800 Chemistry Analyzer for South American participants (Beckman Coulter, Brea, California, USA). We recorded the blood results collected within one month of the FFQ completion.

Dietary assessment
Participants completed the Global Allergy and Asthma European Network (GA2LEN) FFQ, which was designed and validated to assess the usual dietary intake of the past 12 months using a single standardized instrument. It is comprised of 32 food groups, was designed to facilitate international comparisons across countries and has an intra-class correlation of 0.77 to 0.8 for potassium intake.(10, 11) FFQs with less than 80% responses recorded or with implausible total energy intake (defined as further than three standard deviations from the mean after log-transformation) were excluded. Daily food intake was calculated in grams per day from standard food portion sizes.(12) Potassium intake was calculated from the latest available McCance & Widdowson’s Food Composition Tables(13). 

Outcomes
The outcomes of interest were all-cause mortality, cardiovascular mortality and non-cardiovascular mortality occurring before March 23, 2019, as recorded prospectively by the treating physician according to standardized definitions.(14) 

Statistical analysis
We conducted the analysis in three steps. First, we assessed the association between dietary potassium intake and mortality in all eligible participants. Secondly, we conducted a mediation analysis within a subgroup of participants for which a measurement of serum potassium was available at baseline to assess the role of serum potassium as a mediator of the relationship between dietary potassium intake and mortality (Figure 1). Thirdly, we conducted sensitivity analyses to assess the robustness of our findings to measurement error and unmeasured confounders. We assessed in greater detail the potential impacts of not adjusting for residual kidney function since it is associated with a considerably lower risk of mortality (HR between 0.44(15) to 0.70(16)), making it a strong unmeasured confounder in our analysis. The details of the methods for each analysis are available online in the Supplement.

Cox proportional hazard models are most commonly used to assess time-to-event outcomes. However, they will produce biased estimates for mediation analysis of common outcomes.(17) As mortality was frequent in our cohort, we used accelerated time failure models to analyse the mortality outcomes. Accelerated time failure models directly regress the log of the survival time over the explanatory variables.(18) They rely on the assumption that the exposure variable has a multiplicative effect on survival time that is constant through time and that the survival time follows a predefined distribution.(19) Accelerated time failure models provide estimates called acceleration factors that can be understood as the coefficient of that variable’s effect on survival time, such that an acceleration factor of two represents a doubling of the time-to-death and a mortality benefit. Acceleration factors and Hazard Ratios (HR), therefore, move in opposite directions and, when a Weibull distribution is fitted, acceleration factors and hazard ratios can be converted into one another.(20)

Models were sequentially adjusted first for a set of potential confounders selected based on expert knowledge (age, sex, smoking status, body mass index, physical activity, presence of a life partner, Charlson comorbidity index, cardiac disease, diabetes, cancer, status on the transplant waiting list, vascular access, intradialytic weight loss, number of years on hemodialysis, weekly time on hemodialysis, Kt/V, serum albumin, angiotensin-converting enzyme inhibitors (ACEI) or angiotensin II receptor blockers (ARB) and total energy intake) and then for each food group (vegetables, fruits, grains, legumes and nuts, fish and white meat, red meat and meat products, dairy products, eggs, and sweets and sweetened drinks). The analysis adjusted for food groups was designed a priori to distinguish associations of dietary potassium intake from associations with fruits and vegetable intake, which were previously shown to be associated with lower mortality in this cohort(21) and with which dietary potassium intake is likely to be correlated. We conducted two post hoc exploratory analyses to further investigate the role of fibre and alkali intake (assessed using the net endogenous acid production estimated from the Remer and Manz’s equation(22)) and to distinguish the effect of dietary potassium derived from unprocessed plant sources (defined as whole fruits, whole vegetables, wholegrain cereal products, legumes and nuts) versus other sources of dietary potassium. We considered missing values for food groups as no intake (<0.1% missing) and imputed missing values for the remaining covariates using multiple imputation chained equation (Supplemental Figure 1). Significance was set at 0.05, and hypothesis tests were two-sided. We used the survival package(23) in R version 3.5.1 (2018-07-02) for all analyses except for the mediation analysis for which we used the macro by Valeri and VanderWeele in SAS (University Edition 3.8 Basic Edition).(24)



Results
Baseline characteristics
9690 patients completed the FFQ. 8043 (83%) had complete dietary data and outcome linkage and were included in analyses (Figure 2). Table 1 provides baseline characteristics per quartile of potassium intake. 
The median potassium intake was 3.5 g/day (IQR 2.5 to 5.0), and 1151 (14%) and 2024 (25%) participants consumed 2g and 2.5g or less per day, respectively (Supplemental Figure 2). There were more men in the higher quartile of potassium intake. Vegetables contributed more than any other food group to the dietary potassium intake (median=26% of individual intake IQR [18.6 to 33.4]), followed by fruits and red meat (Supplemental Figure 3). After adjusting for total energy intake, the intake of vegetables, fruits and legumes and nuts were significantly correlated with potassium intake (Supplemental Figure 4).

Survival model of the association between potassium intake and mortality (N=8043)
During a median follow-up of 3.97 years (25,890 person-years), 2921 (36%) deaths occurred, including 1316 (45%) from cardiovascular causes. One thousand and thirty-three (19%) participants were censored before March 2019.

Adjusted for the set of potential confounders 
After adjustment for baseline characteristics, including the presence of cardiac disease and intradialytic weight change, dietary potassium intake was associated with a lower risk of non-cardiovascular mortality but not of all-cause or cardiovascular mortality. For each gram per day of potassium intake, the time-to-non-cardiovascular death was extended by a factor of 1.06 (95% CI 1.02 to 1.11, P=.01), which corresponded to a hazard ratio (HR) of 0.93 (95% CI, 0.88 to 0.98)(Table 2).

Adjusted for the set of potential confounders and food groups
After the analysis was further adjusted for intake of each food group in servings per day, dietary potassium was not associated with all-cause mortality (HR=1.00, 95% CI 0.95 to 1.05 per g/day; P=.94), cardiovascular mortality (HR=1.05, 95% CI 0.98 to 1.13 per g/day; P=.16) or non-cardiovascular mortality (HR=0.96, 95% CI 0.89 to 1.02 per g/day; P=.19)(Table 2 and Figure 3). The intake of fruit (HR=0.98, 95%CI 0.97 to 1.00 per serving/day; P=.03) and vegetables (HR=0.98, 95% CI 0.97 to 1.00 per serving/day, P=.04) were associated with a lower risk of all-cause mortality (Supplemental Table 2). 

The association between dietary potassium and mortality was not modified by the presence of cardiac disease, diabetes, hyperkalemia greater than 5.5 mEq/L or greater than 6.0 mEq/L at baseline (P for interaction=.81, .53, .52 and .25, respectively). Furthermore, the association was not modified by whether measurement of serum potassium was available at baseline (P for interaction=.33). We found similar results when dietary potassium was modelled as quartiles (Supplemental Table 3), as energy-adjusted potassium using the regression method or as potassium density (Supplemental Table 4). Accounting for competing risks had little effect on the cumulative incidence function (Supplemental Figure 5 and 6).

Mediation analysis
Baseline serum potassium levels
Pre-dialysis baseline serum potassium levels were available for 2355 (29%) participants. The likelihood of baseline serum potassium measurement was unbalanced towards certain geographical location (Portugal (1708 participants, 73%) and Spain (5540 participants, 23%), lower educational attainment, lower physical activity, higher prevalence of cancer and gastrointestinal disease, and higher consumption of fish and white meat (Supplemental Table 1). Mean pre-dialysis baseline serum potassium was 5.02 mEq/L (SD=0.74 mEq/L). 645 participants (27%) had levels greater than 5.5 mEq/L and 236 (10%) greater than 6.0 mEq/L.

Association between dietary potassium intake and serum potassium levels at baseline (A)
Baseline serum potassium correlated poorly with dietary potassium intake (Spearman’s correlation coefficient=0.06, Supplemental Figure 7). After adjustment for the set of covariates, we found no cross-sectional association between dietary and serum potassium at baseline (B=0.02, 95% CI -0.01 to 0.05 per g/day of dietary potassium intake; P=.22). After further adjustment for food groups, dietary potassium intake remained not associated with baseline serum potassium levels (B=0.03, 95% CI -0.01 to 0.07 per g/day; P=.17). Dietary potassium intake was not associated with the prevalence of hyperkalemia at baseline defined as ≥ 5.5mEq/L (odds ratio=1.05, 95% CI 0.95 to 1.15 per g/day) or ≥ 6.0mEq/L (odds ratio, 1.04, 95% CI 0.90 to 1.20 per g/day) (Table 3).

Association between baseline serum potassium level and mortality (B)
During a median follow-up of 3.8 years (7,273 person-years), 803 deaths occurred (33% cardiovascular). After adjustment for the set of covariates, high serum potassium at baseline was not associated with all-cause mortality (HR=1.04, 95% CI 0.94 to 1.15 per mEq/L of serum potassium), but was associated with a higher risk of cardiovascular death (HR=1.23, 95% CI 1.03 to 1.47 per mEq/L of serum potassium). Results were similar after further adjustment for food groups (Table 2). We did not observe a U-shaped relationship between serum potassium levels and all-cause and cause-specific mortality (Supplemental Figure 9).

Estimates of the Direct (c), Indirect (a+b) and Total effect.
After adjustment for the set of potential confounders and food groups, dietary potassium was not associated with mortality either through (indirect effect) or independent of (direct effect) serum potassium (Figure 1 and Table 2). There was no evidence of an interaction between dietary potassium and serum potassium (P=.64). 

Assessment of robustness to unmeasured confounding and measurement error
First, adjustment for an extended set of covariates identified by stepwise forward selection resulted in similar results (Supplemental Table 5). Second, assuming that individuals with significant residual kidney function have more liberal diets and higher potassium intake, we calculated that not adjusting for residual kidney function would overestimate the acceleration factor for the direct effect and underestimate the acceleration factor for the indirect effect (Supplemental Table 6b and c). A scenario where potassium intake is protective through increased serum potassium appears implausible. Third, for all levels of correlation between the error term of the outcome model and the error term of the mediator model, the confidence interval for the direct and indirect effect always included 1.0, which signifies that an unmeasured confounder of the mediator-outcome relationship was unlikely to bias our results significantly (Supplemental Figure 10). Finally, using Simulation-Extrapolation, we found that even large non-differential measurement errors of potassium intake and serum potassium levels would not change our conclusions (Supplemental Table 7 and Figure 11).

Post-hoc exploratory analysis of the role of fibre and alkali intake
Further adjustment for fibre and alkali intake on the analysis adjusted for the set of covariables C provided similar findings (Supplemental Table 8). Upon dividing the potassium intake between whole plant sources versus other sources, potassium intake from whole plant sources was associated with a lower risk of all-cause and cause-specific mortality (Supplemental Table 9). Similarly to our analysis of the total potassium intake, this association was absent after adjusting for food groups.
Discussion
In this large cohort of adults receiving maintenance hemodialysis, we found no evidence of an independent association between the food-derived potassium intake and all-cause or cause-specific mortality. Furthermore, we did not find a significant association between dietary potassium intake and baseline serum potassium levels. In a mediation analysis, we found no evidence of an association of dietary potassium with mortality either through or independent of serum potassium. In line with previous literature, higher baseline serum potassium levels were associated with a greater risk of cardiovascular mortality.(25-30)

Two prior longitudinal studies of potassium intake in adults receiving hemodialysis treatments have reported conflicting results. The Nutritional and Inflammatory Evaluation in Dialysis (NIED) study (224 participants) reported a 2.4-fold (95% CI 1.1 to 7.5) higher risk of death among the highest quartile of potassium intake.(31) Contrastingly, the Malnutrition, Diet, and Racial Disparities in Chronic Kidney Disease (MADRAD) study (415 participants) found a 2.7 (95% CI 1.4 to 5.0) higher risk of death among the lowest quartile of potassium intake.(32) In our substantially larger population of 8043 adults (25 890 person-years) treated with hemodialysis, we found no association between potassium intake and mortality. However, prior to adjusting for food groups, we found a lower risk of non-cardiovascular death and a trend toward lower all-cause mortality among the participants with the highest potassium intake, in accordance with the MADRAD study.(32) The potential benefits of a potassium-rich diet are inseparable from diets rich in fruits and vegetables, and healthy dietary patterns associated with potassium intake are likely responsible for the association observed in the MADRAD study.
In the NIED study, potassium mostly came from beef, chicken, Mexican food, hamburgers, legumes, fresh fruits, fruit juices, fried potatoes, cheeseburgers and canned fruits.(31) In contrast, the primary sources of potassium in our cohort were vegetables, fresh fruits, red meat, potatoes, milk and bread. Thus, potassium intake may have acted as a proxy for less healthy dietary patterns and explained the increased risk of death observed in the NIED cohort.

Our findings concur with several studies reporting either weak or no associations between dietary and serum potassium levels in adults undergoing hemodialysis: The NIED study found FFQ-measured potassium intake to explain only 2% of the variance in serum potassium.(31) The BalanceWise study found no correlation between potassium intake from three 24-hour dietary recalls and serum potassium.(33) A cross-sectional analysis of 212 people with chronic kidney disease (117 receiving hemodialysis) found three-day food records-measured potassium intake not to be associated with the serum potassium levels or the prevalence of hyperkalemia.(34) Finally, in the MADRAD study, the serum potassium levels and the dialysate potassium concentration were similar across tertile of dietary potassium intake.(32) 

It is important to note that neither our study, nor those above, measured potassium additives, which can substantially increase the potassium content of foods(35, 36). Therefore, it is crucial to interpret our findings as relating solely to the potassium naturally occurring in food items and not to artificially added potassium salts, the safety of which is more so concerning that they are likely more bioavailable.(37, 38) 

In two studies conducted in the 1940s, oral potassium chloride and oral potassium bicarbonate loading respectively led to increased serum potassium in 4 out of 5 and 9 out of 10 individuals with kidney disease.(39, 40) While considering that the amount of potassium ingested in these experiments exceeded what can usually be achieved through diet alone and that unlike potassium salts, dietary potassium is co-ingested with carbohydrates and fibre which respectively cause an intracellular potassium shift from insulin secretion (41, 42) and an increase in colonic potassium secretion (33, 43, 44), there will likely be a point at which dietary potassium intake will lead to hyperkalemia. Still, the current approach to hyperkalemia focuses disproportionally on the restriction of potassium-rich foods (3, 45), particularly fruits and vegetables (3), thereby eclipsing interventions that may reduce serum potassium levels with less impact on patients’ quality of life (8).

Dietary restrictions significantly contribute to the burden of hemodialysis.(46) Over half of hemodialysis patients report feeling deprived and finding the prescribed diet bland and tasteless.(47) Furthermore, strict dietary restrictions can lead to malnutrition and potentially lower quality of life among hemodialysis patients.(48) Dietary restrictions are, therefore, not without the potential for harm and must be supported by quality evidence. 

This study had considerable strengths. DIET-HD is the most extensive assessment of the association between dietary potassium and mortality in adults undergoing hemodialysis. We recruited participants across many countries and considered multiple potential confounders. Furthermore, we conducted extensive sensitivity analyses and found our results robust against potential unmeasured confounders and measurement error. 

This study had limitations. FFQs are subject to recall bias, and food composition tables can be inaccurate.(8) Furthermore, although the FFQ was validated in a sample of European adults, it was not validated in hemodialysis patients per se.(35, 49, 50). TheFFQ’s reliability would have also be improved by repeated assessments and medications that may alter potassium absorption such as laxatives and potassium binders were not recorded. Collectively, these limitations may have led to measurement error and misclassification of the exposures. The FFQ assessed the average potassium intake in the year prior to completion and this study was therefore not designed to assess the potential immediate consequences of an acute increase in dietary potassium intake. Serum potassium levels were only available for a subgroup of the population, and a single baseline measurement was available. However, interaction with whether a serum potassium measurement was available was not significant. While sensitivity analyses suggested that residual kidney function and dialysate potassium concentration were unlikely to bias our results significantly, their complex interactions with dietary intake may not be fully considered. Finally, the external validity of our results to populations with distinct dietary habits, as well as to countries with differing life expectancy on hemodialysis, may be limited. 

In conclusion, in this large cohort of adults treated with maintenance hemodialysis, we found no evidence that a higher dietary potassium intake was associated with increased mortality. Our results suggest that stringent dietary potassium restrictions may not be needed for most hemodialysis patients. A diet more liberal in fruits and vegetables may provide health benefits and may lessen the burden of unduly stringent dietary restrictions. At this point, randomized controlled trials are warranted to determine whether diets proven to improve health outcomes in other populations are safe and advantageous for adults receiving maintenance hemodialysis.
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Figure legends
Figure 1. Simplified directed acyclic graph of the potential causal relationship between dietary potassium intake and mortality.
Simplified directed acyclic graph of the potential causal relationship between dietary potassium intake and mortality mediated by serum potassium levels. The direct effect is represented by the arrow (c) and the indirect effect by the arrows (a) and (b). The measured potential confounders are included in the set of covariables C.

Figure 2. Flowchart of the study participants.
FFQ, food frequency questionnaire; HD, hemodialysis; K, potassium

Figure 3. Association of dietary potassium intake (g/day) with a) all-cause mortality, b) cardiovascular mortality and c) non cardiovascular mortality.
Models adjusted for the age, sex, smoking status, body mass index, physical activity, presence of a life partner, Charlson comorbidity index, history of cardiac disease, history of diabetes, history of cancer, listed for transplant, type of vascular access, bodyweight decrease during HD session, number of minutes of HD per week, HD vintage, Kt/V, receiving angiotensin converting enzyme inhibitors or angiotensin II receptor blockers, serum albumin, total energy intake and daily intake of each food group. AF, acceleration factor; CV, cardiovascular



Table 1: Baseline characteristics stratified by quartile of potassium intake.
	 
	Quartiles of potassium intake
	
	

	
	Q1
	Q2
	Q3
	Q4
	Total
	% missing

	quartile limits (g/day)
	< 2.49
	2.49 to 3.52
	3.53 to 5.02
	> 5.02
	
	

	quartile mean (SD) (g/day)
	1.84 (0.46)
	3.00 (0.29)
	4.19 (0.43)
	7.18 (2.35)
	
	

	
	N (%)
	N (%)
	N (%)
	N (%)
	
	

	N
	2011
	2011
	2010
	2011
	8043
	

	Demographics:
	
	
	
	
	
	

	Age (years)
	
	
	
	
	
	0

	< 60
	756 (38)
	681 (34)
	744 (37)
	843 (42)
	3024 (38)
	

	60 - 80
	1009 (50)
	1035 (52)
	985 (49)
	959 (48)
	3988 (50)
	

	> 80
	246 (12)
	295 (15)
	281 (14)
	209 (10)
	1031 (13)
	

	Sex, N of men
	1113 (55)
	1151 (57)
	1175 (59)
	1219 (61)
	4658 (58)
	0

	Ethnicity
	
	
	
	
	
	8

	White/Hispanic
	1733 (94)
	1753 (96)
	1785 (96)
	1821 (97)
	7092 (96)
	

	Black
	51 (3)
	49 (3)
	45 (2)
	29 (2)
	174 (2)
	

	Others
	51 (3)
	31 (2)
	31 (2)
	31 (2)
	144 (2)
	

	Body Mass Index (kg/m2)
	
	
	
	
	2

	<18.5
	99 (5)
	95 (5)
	86 (4)
	84 (4)
	364 (5)
	

	18.5-25
	850 (43)
	856 (43)
	811 (41)
	780 (40)
	3297 (42)
	

	25-30
	647 (33)
	639 (32)
	685 (35)
	679 (35)
	2650 (34)
	

	>30
	366 (19)
	383 (19)
	375 (19)
	411 (21)
	1535 (20)
	

	Occupation status
	
	
	
	
	
	23

	Working
	160 (12)
	178 (12)
	205 (13)
	149 (9)
	692 (11)
	

	Retired
	977 (71)
	1166 (75)
	1229 (75)
	1237 (78)
	4609 (75)
	

	Unemployed
	238 (17)
	207 (13)
	210 (13)
	208 (13)
	863 (14)
	

	Having a life partner
	930 (65)
	996 (66)
	1109 (69)
	1054 (70)
	4089 (68)
	25

	Secondary level education
	538 (40)
	642 (43)
	755 (47)
	727 (46)
	2662 (44)
	25

	Country
	
	
	
	
	
	0

	Argentina
	497 (25)
	312 (16)
	226 (11)
	155 (8)
	1190 (15)
	

	France
	59 (3)
	63 (3)
	48 (2)
	50 (3)
	220 (3)
	

	Germany
	77 (4)
	59 (3)
	30 (2)
	11 (1)
	177 (2)
	

	Hungary
	72 (4)
	101 (5)
	143 (7)
	205 (10)
	521 (7)
	

	Italy
	143 (7)
	159 (8)
	151 (8)
	90 (5)
	543 (7)
	

	Poland
	124 (6)
	129 (6)
	117 (6)
	56 (3)
	426 (5)
	

	Portugal
	461 (23)
	557 (28)
	455 (23)
	302 (15)
	1775 (22)
	

	Romania
	131 (7)
	157 (8)
	263 (13)
	441 (22)
	992 (12)
	

	Spain
	190 (9)
	242 (12)
	303 (15)
	306 (15)
	1041 (13)
	

	Sweden
	6 (0)
	14 (1)
	19 (1)
	12 (1)
	51 (1)
	

	Turkey
	251 (13)
	218 (11)
	255 (13)
	383 (19)
	1107 (14)
	

	Lifestyle factors:
	
	
	
	
	
	

	Former or current smoker
	427 (31)
	533 (34)
	559 (34)
	537 (34)
	2056 (33)
	23

	Performs physical activity daily
	168 (12)
	197 (13)
	280 (17)
	272 (17)
	917 (15)
	24

	Dialysis:
	
	
	
	
	
	

	Etiology of kidney disease
	
	
	
	0

	Diabetes
	497 (25)
	466 (23)
	485 (24)
	511 (25)
	1959 (24)
	

	Hypertension
	415 (21)
	384 (19)
	375 (19)
	379 (19)
	1553 (19)
	

	Glomerular disease
	562 (28)
	672 (33)
	659 (33)
	705 (35)
	2598 (32)
	

	Others
	537 (27)
	489 (24)
	491 (24)
	416 (21)
	1933 (24)
	

	> 5 years on HD
	766 (38)
	754 (38)
	727 (36)
	743 (37)
	2990 (37)
	0

	> 12 hrs of HD/ week
	278 (14)
	300 (15)
	325 (17)
	296 (15)
	1199 (15)
	2

	Kt/V ≥ 1.4
	1735 (89)
	1754 (89)
	1749 (90)
	1682 (87)
	6920 (89)
	3

	Dialysed through AVF
	1577 (79)
	1585 (79)
	1619 (81)
	1686 (84)
	6467 (81)
	0.2

	Listed for transplant
	341 (17)
	376 (19)
	378 (19)
	382 (19)
	1477 (18)
	0.2

	Intradialytic weight loss, kga
	3.0 (1.3)
	3.1 (1.3)
	3.1 (1.3)
	3.1 (1.4)
	3.1 (1.3)
	4

	Clinical characteristics:
	
	
	
	
	
	

	Charlson Index > 5
	1119 (56)
	1164 (58)
	1198 (60)
	1082 (54)
	4563 (57)
	0

	Cardiac disease
	747 (44)
	778 (44)
	874 (50)
	859 (52)
	3258 (47)
	15

	Hypertension
	1519 (84)
	1576 (86)
	1574 (85)
	1490 (85)
	6159 (85)
	10

	Diabetes
	558 (31)
	594 (32)
	603 (33)
	567 (33)
	2322 (32)
	10

	Cancer
	225 (11)
	281 (14)
	280 (14)
	254 (13)
	1040 (13)
	0

	GI disease
	389 (19)
	449 (22)
	457 (23)
	461 (23)
	1756 (22)
	0

	Pulmonary disease
	219 (11)
	226 (11)
	260 (13)
	231 (12)
	936 (12)
	0

	Predialysis systolic BP, mmHga
	129.9 (22)
	130.0 (22)
	131.4 (22)
	133.5 (21)
	131.1 (22)
	16

	Receiving ACEI or ARB
	548 (27)
	625 (31)
	640 (32)
	627 (31)
	2440 (30)
	0

	> 4 different drug class
	429 (21)
	539 (27)
	640 (32)
	635 (32)
	2243 (28)
	0

	Pre-dialysis blood results:
	
	
	

	Potassium, mEq/La
	4.9 (0.7)
	5.0 (0.7)
	5.0 (0.7)
	5.1 (0.8)
	5.0 (0.7)
	71

	> 5.5 mEq/L
	138 (25.0)
	188 (26.8)
	172 (27.6)
	147 (30.8)
	645 (27.4)
	71

	> 6 mEq/L
	47 (8.5)
	75 (10.7)
	66 (10.6)
	48 (10.0)
	236 (10.0)
	71

	Calcium, mg/dLa
	8.9 (0.7)
	9.0 (0.7)
	9.0 (0.7)
	8.9 (0.7)
	8.9 (0.7)
	3

	Phosphate, mg/dLa
	4.6 (1.4)
	4.6 (1.4)
	4.7 (1.4)
	4.8 (1.4)
	4.7 (1.4)
	3

	Intact PTH, pg/mla
	454.5 (442.7)
	410.0 (366.3)
	418.8 (365.8)
	417.5 (374.7)
	426.7 (392.2)
	42

	Albumin, g/dLa
	39.4 (3.9)
	39.8 (3.7)
	40.0 (3.7)
	40.0 (3.8)
	39.8 (3.8)
	24

	Haemoglobin, g/dLa 
	11.0 (1.3)
	11.1 (1.3)
	11.1 (1.2)
	11.0 (1.3)
	11.1 (1.3)
	3

	Dietary assessment:
	
	
	
	
	
	

	Total energy intake, •103 kCal/dayb
	1.2 [0.9, 1.4]
	1.7 [1.4, 2.0]
	2.1 [1.8, 2.5]
	3.0 [2.5, 3.7]
	1.9 [1.4, 2.5]
	0

	Total energy intake per kg of bodyweight (kCal/kg)
	16.9 [12.4, 21.9]
	24.7 [19.7, 30.1]
	30.4 [24.5, 37.5]
	43.2 [33.4, 56.6]
	27.3 [19.6, 37.5]
	2

	NPCRa
	1.1 (0.3)
	1.1 (0.3)
	1.1 (0.3)
	1.1 (0.3)
	1.1 (0.3)
	3

	Fibre intake, g/dayb
	7.1 [5.2, 9.4]
	10.7 [8.2, 13.5]
	13.9 [10.7, 17.4]
	20.8 [15.6, 27.1]
	12.0 [8.1, 17.5]
	0

	Estimated NEAPa, c
	49.2 (13.0)
	51.3 (18.8)
	49.8 (24.2)
	40.3 (46.7)
	47.7 (29.0)
	1

	Food groups, servings/day
	
	
	

	Cerealsb
	1.4 [0.8, 2.4]
	2.1 [1.2, 2.9]
	2.5 [1.5, 3.6]
	3.2 [2.0, 4.6]
	2.3 [1.2, 3.3]
	0

	Fruitsb
	1.3 [0.7, 2.1]
	2.1 [1.4, 3.3]
	2.9 [1.9, 4.6]
	5.1 [3.1, 8.7]
	2.5 [1.4, 4.4]
	0

	Vegetablesb
	1.9 [1.1, 2.9]
	3.2 [2.1, 4.4]
	4.4 [3.0, 5.9]
	6.8 [4.8, 9.6]
	3.6 [2.2, 5.9]
	0

	Legumes and nutsb
	0.1 [0.1, 0.3]
	0.3 [0.1, 0.4]
	0.4 [0.1, 0.6]
	0.5 [0.3, 1.1]
	0.3 [0.1, 0.6]
	0

	Dairyb
	0.8 [0.4, 1.4]
	1.3 [0.7, 2.1]
	1.6 [0.9, 2.6]
	2.1 [1.1, 3.3]
	1.4 [0.6, 2.4]
	0

	Fish and white meatb
	0.4 [0.1, 0.6]
	0.6 [0.3, 1.1]
	0.7 [0.4, 1.3]
	1.0 [0.5, 1.7]
	0.6 [0.3, 1.1]
	0

	Red meat and meatb
	0.6 [0.4, 1.0]
	1.0 [0.6, 1.6]
	1.2 [0.7, 2.0]
	1.9 [1.0, 3.1]
	1.1 [0.6, 1.9]
	0

	Eggsb
	0.1 [0.1, 0.4]
	0.2 [0.1, 0.4]
	0.4 [0.1, 0.6]
	0.5 [0.2, 0.9]
	0.3 [0.1, 0.6]
	0.1

	Sweets and sweet drinksb
	1.7 [0.8, 2.9]
	2.4 [1.1, 3.7]
	2.6 [1.4, 4.1]
	3.4 [1.9, 5.4]
	2.4 [1.2, 4.1]
	0


a Mean (standard deviation)
b Median (interquartile range)	
c Calculated from the Remer and Manz’s equation
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; AVF, arteriovenous fistula; BP, blood pressure; GI, gastrointestinal; HD, haemodialysis; IQR, interquartile range; K, potassium; N, number; NEAP, net endogenous acid production; NPCR, normalized protein catabolic rate; PTH, parathyroid hormone;; SD, standard deviation
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Table 2. Mortality acceleration factors and hazard ratios per 1g/day increase in dietary potassium intake and per 1 mEq/L increase in serum potassium levels at baseline.
	
	
	
	All-cause mortality
	
	Cardiovascular mortality
	
	Non-cardiovascular mortality

	
	N
	Acceleration Factor (95%CI)
	Hazard Ratio (95%CI)
	
	Acceleration Factor (95%CI)
	Hazard Ratio (95%CI)
	
	Acceleration Factor (95%CI)
	Hazard Ratio (95%CI)

	Dietary potassium
	
	
	
	
	
	
	
	
	

	Unadjusted
	8043
	1.03 (1.02 to 1.05)
	0.97 (0.95 to 0.98)
	
	1.01 (0.98 to 1.03)
	0.99 (0.97 to 1.02)
	
	1.05 (1.03 to 1.07)
	0.94 (0.92 to 0.97)

	Adjusted for Ca,b
	8043
	1.01 (1.00 to 1.03)
	0.98 (0.97 to 1.00)
	
	1.01 (0.96 to 1.06)
	0.99 (0.94 to 1.05)
	
	1.06 (1.02 to 1.11)
	0.93 (0.88 to 0.98)

	Adjusted for Ca and food groupsb
	8043
	1.00 (0.96 to 1.04)
	1.00 (0.95 to 1.05)
	
	0.95 (0.90 to 1.02)
	1.05 (0.98 to 1.13)
	
	1.04 (0.98 to 1.10)
	0.96 (0.89 to 1.02)

	Mediation analysisd:
	2355
	
	
	
	
	
	
	
	

	
	Direct Effecte
	
	0.99 (0.91 to 1.08)
	1.01 (0.96 to 1.06)
	
	1.04 (0.87 to 1.22)
	0.98 (0.91 to 1.07)
	
	0.97 (0.88 to 1.07)
	1.02 (0.97 to 1.08)

	
	Indirect Effectf
	
	1.00 (1.00 to 1.00)
	1.00 (1.00 to 1.00)
	
	0.99 (0.98 to 1.00)
	1.00 (1.00 to 1.01)
	
	1.00 (1.00 to 1.00)
	1.00 (1.00 to 1.00)

	
	Total Effect
	
	0.99 (0.90 to 1.08)
	1.01 (0.96 to 1.06)
	
	1.04 (0.86 to 1.21)
	0.98 (0.91 to 1.07)
	
	0.98 (0.88 to 1.07)
	1.01 (0.98 to 1.08)

	Serum potassium
	
	
	
	
	
	
	
	
	

	Unadjusted
	2355
	1.03 (0.95 to 1.12)
	0.97 (0.88 to 1.06)
	
	0.89 (0.76 to 1.05)
	1.12 (0.95 to 1.32)
	
	1.09 (1.00 to 1.20)
	0.90 (0.80 to 1.01)

	Adjusted for Ca,b
	2355
	0.97 (0.89 to 1.05)
	1.04 (0.94 to 1.15)
	
	0.83 (0.70 to 0.97)
	1.23 (1.03 to 1.47)
	
	1.03 (0.94 to 1.13)
	0.96 (0.85 to 1.09)

	Adjusted for Ca, potassium intake and food groupsb
	2355
	0.98 (0.90 to 1.06)
	1.03 (0.93 to 1.14)
	
	0.82 (0.70 to 0.97)
	1.23 (1.03 to 1.48)
	
	1.04 (0.95 to 1.14)
	0.95 (0.84 to 1.07)


AF, Acceleration factor; HR, Hazard Ratio; N, number of participants; K, potassium
a Set of covariates C included: age, sex, smoking status, body mass index, physical activity, presence of a life partner, Charlson comorbidity index, history of cardiac disease, history of diabetes, history of cancer, listed for transplant, type of vascular access, bodyweight decrease during HD session, number of minutes of HD per week, HD vintage, Kt/V, receiving angiotensin converting enzyme inhibitors or angiotensin II receptor blockers, serum albumin and total energy intake.
b Clustered by country of origin
c Represent the same effect as the direct effect of the mediation analysis, but clustered by country of origin.
d Adjusted for C, intake of each food group and the country of origin as a covariable since the statistical software used for the mediation analysis did not allow for a random effect.
e Direct effect: Effect of dietary potassium on mortality not through serum potassium levels
f Indirect effect: Effect of dietary potassium on mortality through serum potassium levels
Table 3. Cross-sectional association between dietary potassium intake (g/day) and a) baseline serum potassium levels and b)hyperkalemia at baseline.
	a) Dietary potassium (g/day) and serum potassium (mEq/L)
	N
	Difference in 1g/day of potassium intake (95%CI)

	
	Unadjusted
	2355
	0.011 (-0.003 to 0.020)

	
	Adjusted for Ca
	2355
	0.02 (-0.01 to 0.05)

	
	Adjusted for Ca and food groups
	2355
	0.03 (-0.01 to 0.07)

	b) Dietary potassium (g/day) and hyperkalemia
	N
	Odds Ratio (95%CI)

	
	Defined as ≥ 5.5 mEq/L
	
	

	
	adjusted for Ca
	2355
	1.05 (0.95 to 1.15)

	
	adjusted for Ca and food groups
	2355
	1.05 (0.92 to 1.21)

	
	Defined as ≥ 6.0 mEq/L
	
	

	
	adjusted for Ca
	2355
	1.04 (0.90 to 1.20)

	
	adjusted for Ca and food groups
	2355
	1.11 (0.89 to 1.37)


a set of covariables C included: age, sex, smoking status, body mass index, physical activity, presence of a life partner, Charlson comorbidity index, history of cardiac disease, history of diabetes, history of cancer, listed for transplant, type of vascular access, bodyweight decrease during HD session, number of minutes of HD per week, HD vintage, Kt/V, receiving angiotensin converting enzyme inhibitors or angiotensin II receptor blockers, serum albumin and total energy intake
K, potassium; N, number of participants
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