
PEER REVIEW HISTORY 

BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) Systematic review and meta-analysis of randomised controlled trials 
on the effects of potassium supplements on serum potassium and 
creatinine 

AUTHORS Cappuccio, Francesco; Buchanan, Laura; Ji, Chen; Siani, Alfonso; 
Miller, Michelle 

 

VERSION 1 - REVIEW 

REVIEWER Mark Bolland 
University of Auckland,  
New Zealand 

REVIEW RETURNED 23-Mar-2016 

 

GENERAL COMMENTS General comments:  
 
1. I didn’t understand the rationale for this review. In the introduction, 
the authors suggest that increasing K intake might reduce stroke, 
that population-based strategies of K supplementation are being 
considered, but that concerns about the harms of K supplementation 
have apparently been raised.  
 
But, from a clinical perspective, K supplements have been given to 
millions of people for many years with, or at risk of, hypokalaemia 
(often in the setting of diuretic use) without safety concerns. The 
clinical concern regarding K intake or supplements and the potential 
for hyperkalaemia occurs in the setting of renal impairment. I am not 
aware of any concerns about K supplements in people with normal 
renal function except in specific situations such as ACE/ARB 
treatment.  
 
Therefore, I don’t understand how doing this meta-analysis will add 
to the existing clinical experience.  
 
2. The secondary endpoint of creatinine is presumably included as a 
surrogate for renal function. All the trials are short duration and 
would be extremely unlikely to have a measurable impact on renal 
function, especially given the clinical knowledge that K supplements 
are not known to effect renal function, so it is difficult to know what 
information these data on creatinine levels add to existing 
knowledge.  
 
3. To answer the question of safety of K supplements, every RCT on 
K should be gathered. However, the search strategy only identified 
174 potentially relevant trials, of which 159 weren’t trials of K 
supplements (Figure 1). That leaves 15 trials, although there were 
20 included in the final analysis. I’m very surprised that only 15-20 
RCTs have ever been conducted on K supplements. This raises 
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questions about the appropriateness of the search strategy. In 
particular, why are lines 2-12 included in the strategy. To put it in 
context, a search in pubmed for potassium with the RCT filter 
identifies 4400 citations. Most will not be relevant, but it suggests the 
authors’ search is too specific.  
 
4. If I have understood the Results correctly, the authors have simply 
compared the mean K levels at the end of the trial (whether cross-
over or parallel group) and ignored the baseline levels. This seems 
to directly contradict the Methods.  
 
For example, for Geleijnse 1994. The values in the control group are 
4.17 (SE 0.06) at baseline and 4.23 (0.05) at 24 weeks. And in the 
control groups are 4.27 (0.04) and 4.35 (0.04) respectively. Thus, 
the mean differences between baseline and 24 weeks are 0.06 
mmol/L in controls and 0.08 mmol/L in active treatment. And the 
between-groups difference is 0.02 mmol/L. By using only the post 
treatment values, the authors obtained a value of 0.12 mmol/L. 
Similarly, for Graham 2014, the value was double that reported by 
the authors for the between-groups differences.  
 
I do not think it is appropriate to ignore baseline values, especially 
as these examples show that it has a very important impact. This is 
a very significant methodological issue that undermines the findings.  
 
5. Why are there no studies in patients with mild renal impairment- 
have they not been done? This is the obvious clinical group to be 
studied, in terms of safety/hyperkalaemia.  
 
6. Why restrict to studies of K supplements? Isn’t any dietary 
intervention designed to increased K levels relevant?  
 
Specific comments:  
 
1. Point 5 of the Article Summary is an inappropriate conclusion to 
draw from a small sample of fairly small, short duration trials.  
 
2. Introduction- the authors need to clarify throughout the text when 
their statements are based on RCTs and causality can be inferred or 
when they are based on observational studies and thus are simply 
associations. In Ref 1, a meta-analysis of RCTs suggested K 
supplements had a very modest effect on BP, and a meta-analysis 
of cohort studies suggested an association between K intake and 
stroke. However, in the introduction the authors assert that high K 
intake leads to a reduction in stroke in the opening paragraph, but in 
the second paragraph downgrade this to an association. In the 3rd 
paragraph, the authors discuss population-based strategies to 
increase K intake, which seems premature when a large RCT of K 
supplements with CVD outcomes has not been carried out.  
 
3. The search is very poorly described in the Methods. What was the 
purpose of the search? What populations? What search terms? etc I 
don’t think it is sufficient to refer readers to a previous publication, 
even though the full search is in the supplement. As raised in point 3 
above, why were restrictions about BP included?  
 
4. The numbers in Figure 1 don’t add up. From 174 articles, 159 
were excluded leaving 15 assessed using full-text. An unknown 
number of papers were included from a previous search (although 
the text states 25) and 23 of these were excluded. Which leaves 17 
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papers, but Figure 1 states 20.  
 
5. How many authors were contacted to provide data for the 23 
excluded papers and how many replied/did not reply (L127)  
 
6. I think all the subgroup/meta-regression analyses are 
questionable. The dose response analyses seem inappropriate 
because there is insufficient variation in the dose. 14/20 RCTs used 
a dose between 60-72 mmol/d, with only 2 trials ≤ 30 mmol/d and 2 
≥ 100 mmol/d. The authors have divided the studies into 3 
somewhat arbitrary categories, with almost all studies in the middle 
category. All the studies are short, and there doesn’t seem any good 
reason to divide the studies by duration either.  
 
7. I wasn’t sure what the urinary excretion analyses added to the 
paper, especially the urine sodium excretion. Some rationale should 
be given in the introduction/methods.  
 
8. The first paragraph of the Discussion makes sweeping statements 
about the effects of K supplements based on very few studies (eg 2 
studies involving 65 pts for concomitant treatment without ACE; very 
few studies with low or high dose K supplements etc). Throughout 
the Discussion, I suggest tempering the tone to acknowledge that 
this is a small group of small, short-duration studies, and 
conclusions should be cautiously drawn.  
 
9. L273- I think the relationship between K intake and stroke is an 
association, not causal as written here. If so, this should be 
emphasized and that an adequately powered RCT is the next step.  
 
10. L286- recommendations about increasing K intake are 
inappropriate until there is proof of benefit. This paragraph should be 
deleted. 

 

REVIEWER Johanna M. Geleijnse 
Division of Human Nutrition, Wageningen University, The 
Netherlands 

REVIEW RETURNED 23-Mar-2016 

 

GENERAL COMMENTS This manuscript addresses the safety of moderate oral potassium 
(K) supplementation, a relevant topic both from clinical and public 
health perspective. Data were collected from 20 randomized 
controlled trials and a random effects meta-analysis was performed 
to assess the effect of supplemental K on serum/plasma 
concentrations of K and creatinine. The authors concluded that 
moderate K doses (average ~1.8 g/d), mainly in the form of KCl, are 
safe, which would support the use of K supplements in disease 
prevention (e.g. stroke).  
 
The manuscript is relevant, timely, and well-written. The meta-
analysis was performed according to the highest scientific 
standards, also including a series of sensitivity analyses, study 
quality assessment and careful examination of potential publication 
bias. However, I have a few questions and suggestions for 
improvement, which the authors may consider:  
 
1. The meta-analysis summarizes the average effects of K 
supplementation on serum/plasma outcomes in different trials. The 
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average effect, however, does not tell the whole story. Did the 
authors look after drop-outs and side effects of K supplementation 
within the different trials, including outlying values for plasma/serum 
K and creatinine? In other words: was supplemental K safe in all trial 
participants?  
 
2. The investigators refer to a 'moderate' dose of K of 1.8 g/d. This 
was the average dose in trials. There were also studies with higher 
doses, up to 5 g/d (line 164). Why do the investigators not base their 
conclusions on the entire range of K doses studied?  
 
2. Of 20 trials, only 2 were conducted in drug-treated patients, and 
trials in individuals with kidney impairment with moderate K doses 
are limited. The absence of case reports for moderate K 
consumption in vulnerable patients (line 266-267) is just 
circumstantial evidence. How certain are the investigators that K 
doses up to 5 g/d are safe in those with mild-to-moderate kidney 
impairment? These may be patients that are eligible for stroke 
prevention with K supplementation.  
 
4. Line 224-226: "However, RCTs must have internal validity (...) 
and have external validity, with..." Not clear to me which message 
the authors want to convey here. The internal validity is a 
prerequisite, but the external validity is always a matter of judgment. 
There is also the difference between efficacy and efficiency trials.  
 
5. Lines 240-241: Maybe better to state the type of 
individuals/patients that were not addressed in this study, to whom 
results cannot be extrapolated.  
 
6. Lines 266-267: "not higher than 45 mmol (1.755 mg) of K per day" 
is a bit confusing, since there were also trials with higher doses in 
the meta-analysis.  
 
7. Figure 1: Full-text articles excluded -> No PDF (n=1). The 
abbreviation PDF is a bit confusing to the reader, and one does not 
expect a full-text article to be excluded in this part of the flow-
diagram (because full-text papers were already retrieved).  
 
8. Figure 2: Obviously, the SDs for the study by Graham 2014, are 
standard errors (the SDs are expected to be around 0.3). As a 
consequence, this study gets too much weight. See also Figures 3, 
S8 and maybe elsewhere.  
 
9. Figure 3: The study by Gijsbers 2015 is lacking here. Data on K 
excretion are reported in that paper (+63 mmol/d). Please sort by 
year of publication, as was done in Figure 2.  
 
10. Figure 5: The study by Gijsbers 2015 is lacking here. Data on 
serum creatinine are reported in that paper (+0.2 umol/L). Please 
sort by year of publication, as was done in Figure 2.  
 
11. Forest plot S12: State 'concomitant pharmacological treatment', 
because this forest plot does include studies with concomitant 
treatment (i.e., sodium reduction).  
 
12. Forest plot S16: Exclude the study by Geleijnse 1994 because 
changes in urinary sodium resulted from reduced sodium intake, 
rather than increased K intake. 
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REVIEWER Paul Whelton, MB, MD, MSc 
Tulane University  
School of Public Health and Tropical Medicine  
New Orleans, Louisiana, USA 

REVIEW RETURNED 23-Mar-2016 

 

GENERAL COMMENTS This meta-analysis addresses an important topic. The authors are 
highly experienced in the topic area and in the conduct of meta-
analyses. They have taken a thorough approach to assembling the 
cohort of randomized controlled trials included (and excluded) in 
their analyses. From a methodological perspective, their analysis is 
faultless. This meta-analysis is the first such study of the effects of 
potassium supplementation on circulating levels of potassium and 
renal function. As such, it provides results that are unique.  
 
The biggest challenge associated with this study is interpretation of 
the findings. Clinical trials are designed and powered to recognize 
beneficial effects of an intervention --- in this case BP reduction 
following increased intake of potassium. None of the clinical trials 
included in the current meta-analysis was designed or powered to 
detect adverse effects. Meta-analysis will increase the power to 
detect effects of an intervention. Nevertheless, adverse effects are 
easily missed in a meta-analysis because inclusion and exclusion 
criteria often minimize the participation of those most susceptible to 
adverse effects of the intervention and the period of observation is 
limited. In this instance, those at greatest risk for hyperkalemia 
would be persons who are older, sick, have renal impairment, are 
taking drugs that impair potassium handling in the kidney (ACEI, 
ARBs, antimineralocorticoids, NSAIDs etc.), are exposed to the 
intervention over a prolonged period of time, and/or experience 
intercurrent health problems such as dehydration, vascular 
complications, or an acute hospitalization.  
 
Based on Table 1, it appears that only three of the trials in this meta-
analysis included participants with an average age >60 years and 
many of the studies were conducted in much younger participants. 
Renal function is not available but one could guess that this unlikely 
in those who volunteered to participate in the trials and chronic 
kidney disease was likely to have been was an exclusion in many of 
the studies. Treatment with drugs that impair renal handling of 
potassium was restricted to two trials where concomitant therapy 
included an ACEI or ARB. Over and above this, most of the trials 
were of relatively short duration, with only one trial exceeding a 
duration of 20 weeks.  
 
Looking for adverse effects in the authors’ database is akin to 
conduct of a phase I trial where one is trying exclude the possibility 
of overt adverse effects. In this instance, the authors have 
recognized only a small effect of potassium supplementation on 
serum/plasma potassium and no effect on renal function but their 
findings their findings cannot exclude the possibility of more serious 
adverse effects of potassium administration in persons and 
circumstances different to those studied. As such, their findings 
should be interpreted with great caution. I think the authors’ 
unqualified conclusions in their Abstract that “A moderate oral 
potassium supplement causes a small increase in circulating 
potassium levels and no change in renal function.” is too strong. A 
more reasonable interpretation (in my opinion) would be that “In 
short-term studies of relatively healthy persons a moderate oral 
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potassium supplement resulted in a small increase in circulating 
potassium levels and no change in renal function.” Likewise, in the 
CONCLUSIONS section, I believe the first sentence should be 
restated in a more cautious manner.  
 
I also recommend caution in the interpretation of the authors’ 
stratified analyses, where many of the strata are based on 
experience in a small number of trials. For example, in the stratified 
dose-response analysis the vast majority of the trials are in the 51-
75 mmol/day category. Experience in the >75 mmol/day category is 
based on three relatively small trials. The authors may have failed to 
demonstrate statistically significant differences in their analyses but 
readers should be alerted to the fact that this does not mean one 
does not exist.  
This study makes a valuable contribution and it highlights the need 
for additional investigation of the topic in larger databases where a 
greater number of potentially susceptible individuals are studied over 
longer periods of observation. 

 

REVIEWER Sa'ed H Zyoud 
An-Najah National University  
Palestine 

REVIEW RETURNED 02-Apr-2016 

 

GENERAL COMMENTS I am appreciating authors for conducting excellent work to assess 
the effect of oral potassium supplementation on serum or plasma 
potassium levels and renal function. Title and objective of study is 
well-defined. Methodology is well written. Results are presented 
well. Discussion section is well articulated and conclusion is made 
well. Congratulation for this nice study 

 

REVIEWER Inês Sousa 
University of Minho  
Portugal 

REVIEW RETURNED 04-Apr-2016 

 

GENERAL COMMENTS Summary 
This is a meta-analysis study on the effects of potassium 
supplements on serum potassium and creatinine. 
 
The authors give an extended introduction on the known effects of 
potassium and explore clearly the inclusion and exclusion criteria for 
the meta-analysis presented. Although the statistical methods used 
are the standard ones for this kind of statistical analysis, I do have 
some concerns regarding the conclusions taken, based on the 
results obtained by the 
statistical analysis. Therefore, I do consider this work could be 
accepted for publication, conditional to some major changes. 
 
Bellow see a list of specific comments. 
1. The draft needs some english review. 
2. I was in some way concern with the differences between the time 
of the studies (range 2 and 24 weeks) and differences on potassium 
levels (range 22 to 140 mmol/day). 
This was considered in the analysis but, at this point, the work 
should have some review on the effect of these variables (duration 
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in potassium supplementation and amount of potassium) in the 
response variables. Are there any studies showing these effects ? 
3. Page 7 - line 170 - At this point it was tested the results removing 
three studies (s6, s18 and s19)? Why were leaving-out these 
studies? From what I understand at some point it says they were the 
’source of heterogeneity’ ? Can you develop more here? 
In fact, I would consider removing studies s2, s5 and s18, as these 
are the ones in the extremes of potassium levels. Have you tried the 
results removing theses studies? 
4. Regarding previous poin, notice Figure 4 and Supplemmentary 
S9. In these plots, if the three points correspondent to the studies 
s2, s5 and s18 are removed, the regression results will be very 
different. Have you tried these? Moreover, this is related with a 
marginal p-value obtained of p-val 0.06 in page 7-line 173. 
5. Page 9 - line 216 - When testing for the effect of potassium 
supplementation on serum creatinine a p-val = 0.047 was found 
when testing for publication bias. How do you explain that in the 
discussion section a strong evidence of no change in renal function 
is stated, with this kind of result? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: Mark Bolland  

Institution and Country: University of Auckland, New Zealand Competing Interests: None declared  

 

General comments:  

 

Q. I didn’t understand the rationale for this review. In the introduction, the authors suggest that 

increasing K intake might reduce stroke, that population-based strategies of K supplementation are 

being considered, but that concerns about the harms of K supplementation have apparently been 

raised. But, from a clinical perspective, K supplements have been given to millions of people for many 

years with, or at risk of, hypokalaemia (often in the setting of diuretic use) without safety concerns.  

 

A. The point of our analysis does not refer to the use of K supplement to prevent/correct 

hypokalaemia.  

 

Q. The clinical concern regarding K intake or supplements and the potential for hyperkalaemia occurs 

in the setting of renal impairment. I am not aware of any concerns about K supplements in people with 

normal renal function except in specific situations such as ACE/ARB treatment. Therefore, I don’t 

understand how doing this meta-analysis will add to the existing clinical experience.  

 

A. Numerous national and international guidelines discourage the use of K supplements outside the 

‘clinical indications of correction of hypokalaemia’ and some extend to warn from using potassium-rich 

salt substitutes. We have referenced the most influential (British ref. 13, 16, 18, European ref 15, and 

American ref 14). These warnings of the risk of hyperkalaemia are indeed only based on case reports 

in patients with renal impairment. We have made it clear in the Discussion (line 294-311).  

 

Q. The secondary endpoint of creatinine is presumably included as a surrogate for renal function. All 

the trials are short duration and would be extremely unlikely to have a measurable impact on renal 

function, especially given the clinical knowledge that K supplements are not known to effect renal 

function, so it is difficult to know what information these data on creatinine levels add to existing 

knowledge.  
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A. We accept the point and agree with it. The limitation is inherent in the trials published. We have 

now added a clarification that the results refer to ‘short term trials’. This point also reinforces our call 

for a pilot study in other types of patients and of longer duration to explore the potential for benefits in 

secondary prevention (Line 48-50; line 70; line 75-76; line 279-283; line 346-348).  

 

Q. To answer the question of safety of K supplements, every RCT on K should be gathered. However, 

the search strategy only identified 174 potentially relevant trials, of which 159 weren’t trials of K 

supplements (Figure 1). That leaves 15 trials, although there were 20 included in the final analysis. 

I’m very surprised that only 15-20 RCTs have ever been conducted on K supplements. This raises 

questions about the appropriateness of the search strategy. In particular, why are lines 2-12 included 

in the strategy. To put it in context, a search in pubmed for potassium with the RCT filter identifies 

4400 citations. Most will not be relevant, but it suggests the authors’ search is too specific.  

 

A. We have now made clear in the revision that our intention was to update the WHO meta-analysis 

and to extend the observations to biochemical endpoints not previously considered, i.e. serum 

potassium and creatinine (line 107-113). Whilst it is possible that some trials might have been missed 

we are confident that this is not a significant issue for the final analysis.  

 

Q. If I have understood the Results correctly, the authors have simply compared the mean K levels at 

the end of the trial (whether cross-over or parallel group) and ignored the baseline levels. This seems 

to directly contradict the Methods. For example, for Geleijnse 1994. The values in the control group 

are 4.17 (SE 0.06) at baseline and 4.23 (0.05) at 24 weeks. And in the control groups are 4.27 (0.04) 

and 4.35 (0.04) respectively. Thus, the mean differences between baseline and 24 weeks are 0.06 

mmol/L in controls and 0.08 mmol/L in active treatment. And the between-groups difference is 0.02 

mmol/L. By using only the post treatment values, the authors obtained a value of 0.12 mmol/L. 

Similarly, for Graham 2014, the value was double that reported by the authors for the between-groups 

differences. I do not think it is appropriate to ignore baseline values, especially as these examples 

show that it has a very important impact. This is a very significant methodological issue that 

undermines the findings.  

 

A. When analysing cross-over RCTs without washout, we used the differences between intervention 

and control since each crossover patient serves as his or her own control. However, we thank you for 

spotting the two studies in which this was not done correctly. We have now re-extracted and re-

analyzed the data taking into account carefully the study design (whether cross-over or parallel-group 

and whether there is a washout period). We have amended ALL analyses. Whilst the estimates for 

the two studies were incorrect, the new analysis is fundamentally equivalent to the previous. 

Therefore, no change in interpretation and conclusion derives from the re-analysis (see Results and 

Figures).  

 

Q. Why are there no studies in patients with mild renal impairment- have they not been done? This is 

the obvious clinical group to be studied, in terms of safety/hyperkalaemia.  

 

A. In some cases, renal impairment was an exclusion criterion, in some others a range of renal 

functions were included. We acknowledge that K supplements should NOT be used in patients with 

renal impairment. Our objective was to show that it is NOT a hazard in people with normal renal 

function.  

 

Q. Why restrict to studies of K supplements? Isn’t any dietary intervention designed to increased K 

levels relevant?  

 

A. There are a few clinical trials in which potassium has been increased with diet. In those 

circumstances, however, the effects can only be attributed to the dietary component, that include 
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other nutrients (e.g. fiber, vitamins etc). Therefore, the results could not be attributable to potassium 

only.  

 

Specific comments:  

 

Q. Point 5 of the Article Summary is an inappropriate conclusion to draw from a small sample of fairly 

small, short duration trials.  

 

A. The wording of the Article Summary has been modified to reflect these comments (line 70-76).  

 

Q. Introduction- the authors need to clarify throughout the text when their statements are based on 

RCTs and causality can be inferred or when they are based on observational studies and thus are 

simply associations. In Ref 1, a meta-analysis of RCTs suggested K supplements had a very modest 

effect on BP, and a meta-analysis of cohort studies suggested an association between K intake and 

stroke. However, in the introduction the authors assert that high K intake leads to a reduction in stroke 

in the opening paragraph, but in the second paragraph downgrade this to an association.  

 

A. We have now clarified the concept (line 83).  

 

Q. In the 3rd paragraph, the authors discuss population-based strategies to increase K intake, which 

seems premature when a large RCT of K supplements with CVD outcomes has not been carried out.  

 

A. We have to dissent with the reviewer in that recommendations for increasing K intake or 

consumption (preferably with diet) but not invariably (as it is happening in China with salt-substitution) 

are now global health priorities, recently re-emphasized by the World Health Organization (ref. 1, 5 

and 6). We are just summarising the possible ways with which this can be achieved.  

 

Q.. The search is very poorly described in the Methods. What was the purpose of the search? What 

populations? What search terms? etc I don’t think it is sufficient to refer readers to a previous 

publication, even though the full search is in the supplement. As raised in point 3 above, why were 

restrictions about BP included?  

 

A. We have now expanded the Methods section (line 119-137 and 153-160).  

 

Q. . The numbers in Figure 1 don’t add up. From 174 articles, 159 were excluded leaving 15 

assessed using full-text. An unknown number of papers were included from a previous search 

(although the text states 25) and 23 of these were excluded. Which leaves 17 papers, but Figure 1 

states 20.  

 

A. Thank you. Figure 1 has been modified to make the process of selection clearer.  

 

Q. How many authors were contacted to provide data for the 23 excluded papers and how many 

replied/did not reply (L127)  

 

A. We contacted the author of the paper we could not retrieve from libraries (Forrester TE et al. West 

Indian Med 1988; 37: 92-6). The author replied that he did not have a copy of the paper.  

 

Q. I think all the subgroup/meta-regression analyses are questionable. The dose response analyses 

seem inappropriate because there is insufficient variation in the dose. 14/20 RCTs used a dose 

between 60-72 mmol/d, with only 2 trials ≤ 30 mmol/d and 2 ≥ 100 mmol/d. The authors have divided 

the studies into 3 somewhat arbitrary categories, with almost all studies in the middle category. All the 

studies are short, and there doesn’t seem any good reason to divide the studies by duration either.  
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A. These analyses have been carried out to ‘explore’ possible explanatory variables. They are 

mentioned in the results and presented in an appendix. The only relevant regression in Figure 4 

indicates the ‘objective’ changes in potassium intake as measured by the urinary biomarkers, 

indication of adherence to the prescribed supplement. It is used as a check of internal validity and we 

would like to maintain it. We have reduced the emphasis on sub-group analyses by removing their 

detailed description in the results and in the conclusions.  

 

Q. I wasn’t sure what the urinary excretion analyses added to the paper, especially the urine sodium 

excretion. Some rationale should be given in the introduction/methods.  

 

A. For Figure 4 see above. The rationale for showing urinary sodium is in the knowledge that high K 

may cause natriuresis in the presence of a high salt intake. After the exclusion of the study by 

Geleijnse (that also restricted salt intake), we detect this effect.  

 

Q. The first paragraph of the Discussion makes sweeping statements about the effects of K 

supplements based on very few studies (eg 2 studies involving 65 pts for concomitant treatment 

without ACE; very few studies with low or high dose K supplements etc). Throughout the Discussion, I 

suggest tempering the tone to acknowledge that this is a small group of small, short-duration studies, 

and conclusions should be cautiously drawn.  

 

A. We agree with the reviewer and have tempered down our conclusions as suggested (line 279 -286, 

306-328 and 343-350)  

 

Q. L273- I think the relationship between K intake and stroke is an association, not causal as written 

here. If so, this should be emphasized and that an adequately powered RCT is the next step.  

 

A. We agree with the reviewer on this point. Changes made as suggested (line 315-317).  

 

Q. L286- recommendations about increasing K intake are inappropriate until there is proof of benefit. 

This paragraph should be deleted.  

 

A. Whilst we agree that the benefits of K supplements to prevent stroke require the results of RCTs, 

the general benefits of potassium supplement on blood pressure reduction and other intermediate 

end-points are widely supported by RCTs and form the base of global recommendations (see ref. 1, 5 

and 6)  

 

Reviewer: 2  

Reviewer Name: Johanna M. Geleijnse  

Institution and Country: Division of Human Nutrition, Wageningen University, The Netherlands 

Competing Interests: None declared  

 

This manuscript addresses the safety of moderate oral potassium (K) supplementation, a relevant 

topic both from clinical and public health perspective. Data were collected from 20 randomized 

controlled trials and a random effects meta-analysis was performed to assess the effect of 

supplemental K on serum/plasma concentrations of K and creatinine. The authors concluded that 

moderate K doses (average ~1.8 g/d), mainly in the form of KCl, are safe, which would support the 

use of K supplements in disease prevention (e.g. stroke).  

 

The manuscript is relevant, timely, and well-written. The meta-analysis was performed according to 

the highest scientific standards, also including a series of sensitivity analyses, study quality 

assessment and careful examination of potential publication bias.  
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A. THANK YOU.  

 

However, I have a few questions and suggestions for improvement, which the authors may consider:  

 

Q. The meta-analysis summarizes the average effects of K supplementation on serum/plasma 

outcomes in different trials. The average effect, however, does not tell the whole story. Did the 

authors look after drop-outs and side effects of K supplementation within the different trials, including 

outlying values for plasma/serum K and creatinine? In other words: was supplemental K safe in all 

trial participants?  

 

A. As far as we could gather from the published reports, no serious hazardous side effects were 

reported in any trial. To provide a systematic overview of the reports we have added Table 2 that 

summarises the information available from the individual reports (line 243).  

 

Q. The investigators refer to a 'moderate' dose of K of 1.8 g/d. This was the average dose in trials. 

There were also studies with higher doses, up to 5 g/d (line 164). Why do the investigators not base 

their conclusions on the entire range of K doses studied?  

 

A. Only 2 trials used K supplements of 100 mmol per day or more. Whilst we could not detect a dose- 

response effect with sub-group analysis or meta-regression, it is fair to say that the majority of the 

trials (14 of them) used doses ranging from 60 to 72 mmol/day.  

 

Q. Of 20 trials, only 2 were conducted in drug-treated patients, and trials in individuals with kidney 

impairment with moderate K doses are limited. The absence of case reports for moderate K 

consumption in vulnerable patients (line 266-267) is just circumstantial evidence. How certain are the 

investigators that K doses up to 5 g/d are safe in those with mild-to-moderate kidney impairment? 

These may be patients that are eligible for stroke prevention with K supplementation.  

 

A. We are in agreement with the reviewer about the caution in patients with renal impairment and 

have made it clear throughout the paper. When suggesting trials we again have made it clear ‘in 

those with normal renal function’ or ‘in those without renal impairment’ (Summary line 74; Text line 

279-286, 306-311, 345).  

 

Q. Line 224-226: "However, RCTs must have internal validity (...) and have external validity, with..." 

Not clear to me which message the authors want to convey here. The internal validity is a 

prerequisite, but the external validity is always a matter of judgment. There is also the difference 

between efficacy and efficiency trials.  

 

A. The sentence originated from a criticism received in an earlier appraisal of the manuscript that 

‘trials do not reflect clinical practice’, a statement that is challenged and argued well by Peter Rothwell 

(Now Ref 22). The concept is that whilst internal validity is a pre-requisite, external validity 

(applicability or generalizability) can be rather subjective and can be a ‘slippery’ concept. Lack of 

external validity has always been the most frequent criticism by clinicians of RCTs, systematic reviews 

and guidelines. According to Rothwell “the results of trials should be assumed to be externally valid 

unless there are specific reasons to put this assumption into significant doubt”. In our scenario the 

only caveat that one would have to consider (and both the reviewer and the authors agree upon) is 

the lack of patients with impaired kidney function in the reviewed trials. Our conclusions are being 

toned down and rephrased in light of these considerations. The specific sentence here is being also 

re-written (line 267-274).  

 

Q. Lines 240-241: Maybe better to state the type of individuals/patients that were not addressed in 
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this study, to whom results cannot be extrapolated.  

 

A. We have now added the word ‘only’ to emphasise the limited generalizability of our findings as 

regard to type of patients (line 279).  

 

Q. Lines 266-267: "not higher than 45 mmol (1.755 mg) of K per day" is a bit confusing, since there 

were also trials with higher doses in the meta-analysis.  

 

A. We removed the sentence.  

 

Q. Figure 1: Full-text articles excluded -> No PDF (n=1). The abbreviation PDF is a bit confusing to 

the reader, and one does not expect a full-text article to be excluded in this part of the flow-diagram 

(because full-text papers were already retrieved).  

 

A. Figure 1 amended to reflect this.  

 

Q. Figure 2: Obviously, the SDs for the study by Graham 2014, are standard errors (the SDs are 

expected to be around 0.3). As a consequence, this study gets too much weight. See also Figures 3, 

S8 and maybe elsewhere.  

 

A. Thank you for spotting this. SDs were 0.32 and 0.25. All analyses have been corrected and figures 

amended. (see also Reviewer n. 1)  

 

Q. Figure 3: The study by Gijsbers 2015 is lacking here. Data on K excretion are reported in that 

paper (+63 mmol/d). Please sort by year of publication, as was done in Figure 2.  

 

A. Thank you for spotting the omission. Data now added to the figure and analysis.  

 

Q. Figure 5: The study by Gijsbers 2015 is lacking here. Data on serum creatinine are reported in that 

paper (+0.2 umol/L). Please sort by year of publication, as was done in Figure 2.  

 

A. Thank you for spotting the omission. Data now added to the figure and analysis.  

 

Q. Forest plot S12: State 'concomitant pharmacological treatment', because this forest plot does 

include studies with concomitant treatment (i.e., sodium reduction).  

 

A. S11 amended as suggested  

 

Q. Forest plot S16: Exclude the study by Geleijnse 1994 because changes in urinary sodium resulted 

from reduced sodium intake, rather than increased K intake.  

 

A. We did make a remark about this and offered the analysis with (S16) and without (S17) the study 

by Geleijnse. We report both because we want to show that after its removal, we accounted for the 

heterogeneity detected earlier, and a small, but statistically significant, natriuretic effect of potassium 

supplementations was detected. S17 has been re-drawn removing completely the study in question 

compared to S16.  

 

Reviewer: 3  

Reviewer Name: Paul Whelton, MB, MD, MSc Institution and Country: Tulane University, School of 

Public Health and Tropical Medicine, New Orleans, Louisiana, USA Competing Interests: None 

declared  
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Q. This meta-analysis addresses an important topic. The authors are highly experienced in the topic 

area and in the conduct of meta-analyses. They have taken a thorough approach to assembling the 

cohort of randomized controlled trials included (and excluded) in their analyses. From a 

methodological perspective, their analysis is faultless. This meta-analysis is the first such study of the 

effects of potassium supplementation on circulating levels of potassium and renal function. As such, it 

provides results that are unique.  

 

A. THANK YOU.  

 

Q. The biggest challenge associated with this study is interpretation of the findings. Clinical trials are 

designed and powered to recognize beneficial effects of an intervention --- in this case BP reduction 

following increased intake of potassium. None of the clinical trials included in the current meta-

analysis was designed or powered to detect adverse effects.  

 

A. We fully agree and acknowledge this point in Strengths and Limitations (line 257-260).  

 

Q. Meta-analysis will increase the power to detect effects of an intervention. Nevertheless, adverse 

effects are easily missed in a meta-analysis because inclusion and exclusion criteria often minimize 

the participation of those most susceptible to adverse effects of the intervention and the period of 

observation is limited. In this instance, those at greatest risk for hyperkalemia would be persons who 

are older, sick, have renal impairment, are taking drugs that impair potassium handling in the kidney 

(ACEI, ARBs, anti-mineralocorticoids, NSAIDs etc.), are exposed to the intervention over a prolonged 

period of time, and/or experience intercurrent health problems such as dehydration, vascular 

complications, or an acute hospitalization.  

 

A. We are fully aware of these limitations and agree entirely with the fair comment. We are limited by 

the available information in the published trials. We have attempted to tone down our discussion. In 

addition, to this specific point, we have produced Table 2 that presents ‘extracts’ of reported 

tolerability from each study (line 243).  

 

Q. Based on Table 1, it appears that only three of the trials in this meta-analysis included participants 

with an average age >60 years and many of the studies were conducted in much younger 

participants. Renal function is not available but one could guess that this unlikely in those who 

volunteered to participate in the trials and chronic kidney disease was likely to have been was an 

exclusion in many of the studies. Treatment with drugs that impair renal handling of potassium was 

restricted to two trials where concomitant therapy included an ACEI or ARB. Over and above this, 

most of the trials were of relatively short duration, with only one trial exceeding a duration of 20 

weeks.  

 

A. We agree with these considerations and have added sentences of limitation in the Article Summary 

(line 75-76) and in the full text (line 279-283).  

 

Q. Looking for adverse effects in the authors’ database is akin to conduct of a phase I trial where one 

is trying exclude the possibility of overt adverse effects. In this instance, the authors have recognized 

only a small effect of potassium supplementation on serum/plasma potassium and no effect on renal 

function but their findings cannot exclude the possibility of more serious adverse effects of potassium 

administration in persons and circumstances different to those studied. As such, their findings should 

be interpreted with great caution. I think the authors’ unqualified conclusions in their Abstract that “A 

moderate oral potassium supplement causes a small increase in circulating potassium levels and no 

change in renal function.” is too strong. A more reasonable interpretation (in my opinion) would be 

that “In short-term studies of relatively healthy persons a moderate oral potassium supplement 

resulted in a small increase in circulating potassium levels and no change in renal function.” Likewise, 
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in the CONCLUSIONS section, I believe the first sentence should be restated in a more cautious 

manner.  

 

A. We thank the reviewer for his extremely useful and tempered review and useful suggestions. We 

are in full agreement with his remarks and accept that our interpretation must be better qualified in our 

conclusion remarks. We have accepted his suggestion and rewarded abstract (line 48-50) and 

conclusions (line 343-350) as suggested.  

 

Q. I also recommend caution in the interpretation of the authors’ stratified analyses, where many of 

the strata are based on experience in a small number of trials. For example, in the stratified dose-

response analysis the vast majority of the trials are in the 51-75 mmol/day category. Experience in the 

>75 mmol/day category is based on three relatively small trials. The authors may have failed to 

demonstrate statistically significant differences in their analyses but readers should be alerted to the 

fact that this does not mean one does not exist.  

 

A. We have re-written the results section on this (line 201-212) reducing also the emphasis on the 

description of the sub-group results (details of which are left in the appendix). We have also remarked 

the limits of these analyses on line 281-283 and have moderated our conclusions acknowledging that 

we only reviewed small, short-term interventions in relatively healthy and younger groups and stated 

the need to confirm the indications of the meta-analysis in new trials designed to address the primary 

question of safety (line 343-350).  

 

Q. This study makes a valuable contribution and it highlights the need for additional investigation of 

the topic in larger databases where a greater number of potentially susceptible individuals are studied 

over longer periods of observation.  

 

A. We agree  

 

Reviewer: 4  

Reviewer Name: Sa'ed H Zyoud  

Institution and Country: An-Najah National University, Palestine Competing Interests: None declared  

 

Q. I am appreciating authors for conducting excellent work to assess the effect of oral potassium 

supplementation on serum or plasma potassium levels and renal function. Title and objective of study 

is well-defined. Methodology is well written. Results are presented well. Discussion section is well 

articulated and conclusion is made well. Congratulation for this nice study  

 

A. THANK YOU  

 

Reviewer: 5  

Reviewer Name: Inês Sousa  

Institution and Country: University of Minho, Portugal Competing Interests: None declared  

 

This is a meta-analysis study on the effects of potassium supplements on serum potassium and 

creatinine. The authors give an extended introduction on the known effects of potassium and explore 

clearly the inclusion and exclusion criteria for the meta-analysis presented. Although the statistical 

methods used are the standard ones for this kind of statistical analysis, I do have some concerns 

regarding the conclusions taken, based on the results obtained by the statistical analysis. Therefore, I 

do consider this work could be accepted for publication, conditional to some major changes.  

 

Below see a list of specific comments.  
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Q.The draft needs some English review.  

 

A. The manuscript has been edited  

 

Q. I was in some way concern[ed] with the differences between the time of the studies (range 2 and 

24 weeks) and differences on potassium levels (range 22 to 140 mmol/day). This was considered in 

the analysis but, at this point, the work should have some review on the effect of these variables 

(duration in potassium supplementation and amount of potassium) in the response variables. Are 

there any studies showing these effects ?  

 

A. The ability to carry out statistical analyses in a meta-analysis is limited by the amount of data the 

published studies make available. In this case (as also highlighted by other reviewers) our attempt to 

exploit explanatory variables for sub-group analyses and meta-regressions are extremely limited by 

numerous factors. For instance, 14 out of 20 trials used a very narrow dose of potassium (60-72 

mmol/day) so that any analysis (shown in S8 and S9) cannot be fully interpreted. Similarly it is for the 

duration of the supplementation (see S10 and S11) and for the concomitant drug therapy (S12).  

 

Q. Page 7 - line 170 - At this point it was tested the results removing three studies (s6, s18 and s19)? 

Why were leaving-out these studies? From what I understand at some point it says they were the 

’source of heterogeneity’ ? Can you develop more here? In fact, I would consider removing studies 

s2, s5 and s18, as these are the ones in the extremes of potassium levels. Have you tried the results 

removing these studies?  

 

A. We carried out a ‘sensitivity analysis’ by removing one by one each study in turn and measuring 

the variation in the heterogeneity and the I2. It is not a visual process, but a systematic one that tests 

the contribution of each study in turn.  

 

Q. Regarding previous poinT, notice Figure 4 and Supplemmentary S9. In these plots, if the three 

points correspondent to the studies s2, s5 and s18 are removed, the regression results will be very 

different. Have you tried these? Moreover, this is related with a marginal p-value obtained of p-val 

0.06 in page 7-line 173.  

 

A. We accept the comment and agree that our meta-regressions are limited. In fact we are not 

extrapolating much from the regressions due to the lack of spread of values (see comments to other 

reviewers). However, Figure 4 is showing adherence as expected between predicted dose of K given 

and K recovered from urine.  

 

Q. Page 9 - line 216 - When testing for the effect of potassium supplementation on serum creatinine a 

p-val = 0.047 was found when testing for publication bias. How do you explain that in the discussion 

section a strong evidence of no change in renal function is stated, with this kind of result?  

 

A. The main aggregate analysis shows unequivocally no statistical difference in plasma/serum 

creatinine between K supplement and control. A difference of 0.30 umol/L is also clinically negligible. 

The marginal statistical significance of the Egger’s test for publication bias (not corroborated by the 

identification of missing studies with the ‘trim and fill’ method) highlights the lack of robustness of the 

method on its own when used within the traditional probabilistic boundaries of 5%. Much larger 

statistical significance is generally needed to support publication bias with confidence. 
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VERSION 2 – REVIEW 

REVIEWER Paul Whelton, MB, MD, MSc 
Tulane University School of Public Health and Tropical Medicine,  
New Orleans,  
Louisiana, USA 

REVIEW RETURNED 30-Apr-2016 

 

GENERAL COMMENTS Thank you for your revisions. The manuscript is now much more 
balanced and stronger. 

 

REVIEWER Inês Sousa 
Department of Mathematics and Applications, University of Minho, 
Portugal 

REVIEW RETURNED 31-May-2016 

 

GENERAL COMMENTS This is a revision version of a previous manuscript. The manuscript 
improved considerably from its previous version.  
 
 
I do consider this work could be accepted for publication, conditional 
on two minor changes/clarifications:  
 
-> Page 59, line 168, authors refer to 'were estimated using a 
random effect model'. This should be clarified and a reference 
should be used here. What kind of statistical model is used here? 
Are these mixed regression linear models? If that is the case what 
the the level of the random effect?  
 
-> Page 61, line 225, authors refer to 'only two outliers'. How 'outlier' 
is defined here? What are these outliers and how were these dealt 
with? 

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: 3  

 

Q. Thank you for your revisions. The manuscript is now much more balanced and stronger.  

 

A. Thank you  

 

Reviewer: 5  

 

This is a revision version of a previous manuscript. The manuscript improved considerably from its 

previous version. I do consider this work could be accepted for publication, conditional on two minor 

changes/clarifications:  

 

Q. Page 59, line 168, authors refer to 'were estimated using a random effect model'. This should be 

clarified and a reference should be used here. What kind of statistical model is used here? Are these 

mixed regression linear models? If that is the case what the level of the random effect?  

 

A. We have now clarified adding the reference.  

"The random-effects method (DerSimonian R and Laird N. Meta-analysis in clinical trials. Control Clin 
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Trials 1986; 7: 177-88) incorporates an assumption that the different studies are estimating different, 

yet related, intervention effects. The method is based on the inverse-variance approach, making an 

adjustment to the study weights according to the extent of variation, or heterogeneity, among the 

varying intervention effects".  

 

Q. Page 61, line 225, authors refer to 'only two outliers'. How 'outlier' is defined here? What are these 

outliers and how were these dealt with?  

 

A. We have rephrased by removing the word ‘outlier’.  

"Most studies used between 48 and 100 mmol of K per day, with only two studies, of those providing 

urinary potassium, below and above these levels.s2,s15 When these studies were removed in a 

sensitivity analysis, the effect remained virtually unchanged (WMD 46.04 mmol [1,795 mg] per day; 

39.33, 52.75; p<1*10-5)". 

 

VERSION 3 – REVIEW 

REVIEWER Inês Sousa 
Department of Mathematics and Applications  
University of Minho  
Portugal 

REVIEW RETURNED 21-Jun-2016 

 

GENERAL COMMENTS The authors have made changes according to previous revisions. I 
do consider the manuscript is now in condition for publication. 
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