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Pfortmueller, Carmen; Sjöstrand, Fredrik; Walsh, Neil; Fairweather-
Tait, Susan; Potter, John; Hunter, Paul; Shepstone, Lee 

 

VERSION 1 - REVIEW 

REVIEWER Janet Mentes 
University of California Los Angeles  
USA 

REVIEW RETURNED 05-Jul-2015 

 

GENERAL COMMENTS This is a well designed study on an important topic--that appears to 
have covered many of the concerns about the effectiveness of 
measurement of hydration status in older adults with varying medical 
conditions. My only question is what is the justification for for using 
criteria 2 p>= 0.01 (page 9). Is this considering multiple 
comparisons?  
I believe the intent of the manuscript is laudable and easily 
implemented for lab reports---clinically I believe that seem levels rise 
later in the trajectory of impending dehydration and wonder if other 
measures might be better as early indicators; i.e. saliva.  

 

REVIEWER Sam Cheuvront 
USARIEM, U.S.A. 

REVIEW RETURNED 15-Jul-2015 

 

GENERAL COMMENTS GENERAL:  
The purpose of this study was to expand upon recent and related 
works by examining which osmolarity equation(s) best predict 
measured osmolality for dehydration screening in elderly patients. 
The study appears carefully conducted and provides useful clinical 
information. Some improvement can be made in the thoughtfulness 
of the methods and discussion of the findings, but it seems likely that 
both can be remedied. A few questions and comments follow for 
consideration.  
 
MINOR:  
Throughout manuscript – please provide the analytical imprecision 
for all osmometers used in the study.  
 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-008846 on 21 O

ctober 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/site/about/resources/checklist.pdf
http://bmjopen.bmj.com/


P.12, lines 22-25 – There are several papers that have 
evaluated/compared plasma and serum osmolality and under a wide 
range of conditions (e.g., Redetzki et al., PSEBM, 1972; Bunting et 
al., Crit Care Med, 1986; Seifarth et al., Clin Chem Lab Med, 2004).  
 
ROC analysis and cut-points – perhaps consider (i.e., Discussion) 
what is an “acceptable” sensitivity or specificity value in clinical 
practice (e.g., 80% accuracy is 4:1 odds in favor of a correct 
diagnosis). Consider also the “costs” of conservative versus more 
liberal decision making (not just time and money, but risk) (e.g., 
Zweig and Campbell, Clin Chem, 1993, pp.572). This might inform 
your threshold. It is inteersting that your best ROCAUC (0.82) 
cutpoint (296.7) is nearly identical to that reported in young, healthy 
dehydrated volunteers (e.g., Cheuvront AJCN, 2010) and this too 
could be discussed laater in the paper.  
 
Statistical analysis – is there any value added to looking at “absolute 
bias,” or do you feel that this is revealed plainly enough by the 95% 
CI of the Bland-Altman (i.e., extreme +/- values)?  
 
Box 2 – Under “Directly measured serum osmolality”…”plasma 
water” should read “serum water,” correct? Under “Directly 
measured plasma osmolality”…”Directly measured serum…” should 
read “Directly measured plasma…”, correct? Under “Calculated 
serum osmolarity,”…”…osmolar concentration of plasma…” should 
read, “osmolar concentration of serum...”, correct? Perhaps consider 
an appropriate reference for your definitions? (e.g., Deardorff, AJHP, 
1980). There are others too, but suggest ‘Wikipedia’ (ref#’s 23 and 
40) is not one for a paper such as this.  
 
References – there are inconstancies in your citations (e.g., same 
journal is sometimes abbreviated, sometimes written out), there are 
multiple kinds of font used, etc. Please carefully correct. Also, there 
appear to be fewer references cited in your text than in your 
reference list. Were some references planned as supplemental 
sources? There are several personal communications cited – are 
these really necessary?  
 
Table 8 – X indicates not useful, ‘sun’ symbol indicates useful, so 
what does a blank cell indicate?  
 
The tables and figures are good BUT there are probably too many. 
Could only the most relevant (author opinion) be included and the 
rest be made available as supplemental files? This is just a 
suggestion.  
 
MAJOR:  
Throughout manuscript – please provide the volume of plasma or 
serum sample analyzed for osmolality (i.e., analyzer-dependent). It 
appears that Pfortmueller used 200-300 uL, Sjostrand, Fortes, and 
NU-AGE 20 uL, and DRIE appears unknown (?). Please provide the 
DRIE analyzer information and consider adding to the discussion 
whether or not the analyzer sample volume matters.  
 
Throughout manuscript – please provide information on electrolyte 
analysis; more specifically, were sodium and potassium measured 
using direct ISE or indirect ISE? If the latter, please discuss the 
potential limitation(s) (i.e., only direct ISE is unaffected by changes 
in the water content of plasma/serum). There are many papers that 
can be consulted (e.g., Langhoff and Ladefoged, Clin Chem, 1985; 
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IFCC, Clin Chem Lab Med 2000). Might this explain some of the 
performance discrepancies among your cohorts?  
 
Tables 3a & b, Results, and Discussion: Classical thought is that 
hypernatremia principally explains hyperosmolality when fluids are 
restricted. Indeed, the correlations in Table 3a are highest for Na+. 
However, urea and glucose make a larger contribution in your 
samples based on a hypernatremia definition of > 145 mmol/L 
(Table 3b). Please consider discussing this apparent paradox 
relative to Edelman et al. (J Clin Invest, 1958) or even Cheuvront et 
al. (AJCN, 2013 – water deficit paper). 

 

REVIEWER Colleen Muñoz, PhD 
University of Connecticut, USA 

REVIEW RETURNED 21-Jul-2015 

 

GENERAL COMMENTS The authors should be commended for a well conducted 
investigation, analysis, and well written manuscript. This 
investigation collected a large amount of data from five different 
cohorts of older adults to evaluate a commonly used serum/plasma 
osmolality equations and how they compare to direct measurement 
of osmolality. This question is highly impactful in clinical scenarios. 
While I have few changes to suggest (see below), the largest 
concern I have pertains to the rationale for why serum/plasma 
osmolality holds importance in these contexts. I recommend that the 
introduction be slightly redirected to coordinate with recent literature 
published on serum/plasma osmolality over the course of many 
hours to days (see below). Otherwise, I recommend the acceptance 
of this manuscript.  
 
Strengths and Limitations  
Page 5, line 22. Please change don't to do not.  
 
Page 5, line 21. The authors have not addressed the potential issue 
with fresh versus frozen samples. Please see below elaboration and 
consider addressing this potential issue in the text.  
 
 
Background  
Page 6, line 4. How were these people deemed to be dehydrated? 
No need to thoroughly discuss this here but the point is that we do 
not have a gold standard for dehydration and therefore there is 
some uncertainty with these reports. I strongly suggest adding a 
statement or simply a word (like “reported” dehydrated or 
dehydrated according to _____ measurement) to all three examples 
to account for our lack of a gold standard dehydration measurement.  
 
Page 6, line 11. How do you know this is not also accompanied by 
hypovolemia (since you have separated the two circumstances)? 
Particularly with dehydration over the course of days, cellular water 
loss might very well exist.  
 
Page 6, line 22. There is now mounting evidence that the urinary 
markers (urine osmolality, specific gravity, etc.) best represent fluid 
loss over the course of days, or chronic dehydration/low fluid intake. 
Further, a handful of recent investigations have displayed no 
difference in serum/plasma osmolality among a wide range of 
chronic fluid intakes, suggesting serum/plasma osmolality is very 
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tightly regulated (especially over the course of days) and therefore 
might not accurately detect dehydration. This concerns me greatly 
when considering the relevance described in the introduction of this 
manuscript. However I recognize that the large majority of clinical 
care still utilizes serum/plasma osmolality as a dehydration 
biomarker. I strongly recommend that the rationale for this 
investigation address that serum/plasma osmolality is most 
frequently used in a clinical setting rather than the rationale that 
serum/plasma osmolality is the reference standard.  
 
Page 6, line 29. This finding is only according to your investigations 
where you used plasma osmolality as the gold standard for your 
analyses, of which most would argue is not a gold standard for 
dehydration especially over the course of many hours or days and it 
created a strong bias with the statistical evaluation of the efficacy of 
urinary markers. Therefore, this sentence should be removed and I 
highly recommend the authors examine recent hydration marker 
literature examining habitual fluid intake and fluid intake manipulated 
over the course of days. (e.g. 1) Perrier, E., Vergne, S., Klein, A., 
Poupin, M., Rondeau, P., Le Bellego, L., et al. (2012). Hydration 
biomarkers in free-living adults with different levels of habitual fluid 
consumption. The British Journal of Nutrition, 2) Johnson, E. C., 
Muñoz, C. X., Le Bellego, L., Klein, A., Casa, D. J., Maresh, C. M., & 
Armstrong, L. E. (2015). Markers of the hydration process during 
fluid volume modification in women with habitual high or low daily 
fluid intakes).  
 
 
Methods  
Page 7, line 17. The freezing of the samples is concerning 
considering several publications have found that while the response 
is variable, frozen samples generally do not match up to fresh 
aliquots, which is potentially even more concerning if some samples 
are effected but others are not. One example: Bohnen, N., Bohnen, 
N., Terwel, D., Terwel, D., Markerink, M., Markerink, M., et al. 
(1992). Pitfalls in the Measurement of Plasma Osmolality Pertinent 
to Research in Vasopressin and Water Metabolism. Clinical 
Chemistry and Laboratory Medicine. Perhaps you can identify an 
argument for evaluating frozen samples? Is this common clinical 
practice and therefore ecologically valid? This should be mentioned 
as a potential limitation.  
 
Page 7, line 27. Great control (sending identical aliquots to multiple 
laboratories).  
 
Page 8, line 21. What if the range spanned greater than ~3 mOsm? 
Still the average was taken?  
 
Page 9, line 15. Please add “we” after “so” and “identified”.  
 
 
Results  
Page 10, line 11. This sentence is unclear. Is it stating that between 
the Strojstrand cohort plasma osmolalities had 44% variation? 
Please clarify.  
 
Page 10, line 28. This sentence is unclear. Please revise. Perhaps 
(if I understand correctly): Participants with raised serum sodium, 
potassium, urea and glucose were noted as being dehydrated.  
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Discussion  
Overall, great discussion points and recommendations. 

 

REVIEWER Stephen Fletcher 
Anaesthetic Department  
Bradford Teaching Hospitals  
Bradford  
BD9 6RJ  
UK 
 
Previous collaboration with the first author 

REVIEW RETURNED 29-Jul-2015 

 

GENERAL COMMENTS This is a well conceived, conducted and written paper with potential 
benefit to patients.  
 
I have only two comments.  
 
1) One of the groups included patients with decompensated liver 
cirrhosis. Such patients experience difficulty with sodium and water 
balance due to abnornalities in ADH and aldosterone. This is 
reflected in the low mean sodium in this group. Whilst this 
phenomenon does not detract from the findings it may be worth 
commenting upon.  
2) Using regression analysis I wondered whether the group could 
generate their own predictive formula for predicting dehydration-
maybe the subject of a future paper.  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

 

Reviewer Name Janet Mentes  

Institution and Country University of California Los Angeles  

 

This is a well designed study on an important topic--that appears to have covered many of the 

concerns about the effectiveness of measurement of hydration status in older adults with varying 

medical conditions.  

 

Authors: thank you  

 

My only question is what is the justification for for using criteria 2 p>= 0.01 (page 9). Is this 

considering multiple comparisons?  

 

Authors: yes, as you suggest this is partly due to consideration of multiple comparisons, and we have 

clarified this in the methods text. Additionally we were being inclusive at the beginning of the selection 

process so that we didn’t prematurely knock out useful equations.  

 

I believe the intent of the manuscript is laudable and easily implemented for lab reports---clinically I 

believe that seem levels rise later in the trajectory of impending dehydration and wonder if other 

measures might be better as early indicators; i.e. saliva.  

 

Authors: thank you, and yes, if other measures prove to be good indicators of hydration status in older 
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people then they may be very useful in contexts such as care homes and the community (depending 

on how non-invasive their assessment proves to be). At present there is only limited evidence of the 

utility of salivary osmolality in older adults (assessed in relation to plasma osmolality [Clinical 

symptoms, signs and tests for identification of impending and current water-loss dehydration in older 

people. Hooper L et al. Cochrane Database of Systematic Reviews 2015, Issue 4. Art. No.: 

CD009647]). Cheuvront assessed plasma, urinary and salivary measures and found that for salivary 

measures in younger adults “human variation in these body fluids seem to limit their potential utility” 

as markers of hydration [Cheuvront SN et al. Physiologic basis for understanding quantitative 

dehydration assessment. American Journal for Clinical Nutrition 2013;97:455-62]. We look forward to 

further research in this area.  

 

 

Reviewer: 2  

 

Reviewer Name Sam Cheuvront  

Institution and Country USARIEM, U.S.A.  

 

GENERAL:  

The purpose of this study was to expand upon recent and related works by examining which 

osmolarity equation(s) best predict measured osmolality for dehydration screening in elderly patients. 

The study appears carefully conducted and provides useful clinical information. Some improvement 

can be made in the thoughtfulness of the methods and discussion of the findings, but it seems likely 

that both can be remedied. A few questions and comments follow for consideration.  

 

Authors: Thank you.  

 

MINOR:  

Throughout manuscript – please provide the analytical imprecision for all osmometers used in the 

study.  

 

Authors: clarified for DRIE and Fortes (already stated for NU-AGE), added for Pfortmueller, not yet 

added for Sjöstrand as they have been unable to get these details from their laboratory, but stated as 

unclear.  

 

P.12, lines 22-25 – There are several papers that have evaluated/compared plasma and serum 

osmolality and under a wide range of conditions (e.g., Redetzki et al., PSEBM, 1972; Bunting et al., 

Crit Care Med, 1986; Seifarth et al., Clin Chem Lab Med, 2004). 315  

 

Authors: Thank you, that is hugely helpful. We have read these papers, and the Seifarth paper 

compared lithium heparin plasma samples (as used by Fortes) with serum so we have used this 

reference. The references (Redetzki and Seifarth) also raised the issue of stability of the blood 

samples in DRIE which were not spun for up to 4 hours – there is likely to have been a small rise in 

serum osmolality in these samples, so this has also been mentioned in the text.  

 

ROC analysis and cut-points – perhaps consider (i.e., Discussion) what is an “acceptable” sensitivity 

or specificity value in clinical practice (e.g., 80% accuracy is 4:1 odds in favor of a correct diagnosis). 

Consider also the “costs” of conservative versus more liberal decision making (not just time and 

money, but risk) (e.g., Zweig and Campbell, Clin Chem, 1993, pp.572). This might inform your 

threshold. It is inteersting that your best ROCAUC (0.82) cutpoint (296.7) is nearly identical to that 

reported in young, healthy dehydrated volunteers (e.g., Cheuvront AJCN, 2010) and this too could be 

discussed laater in the paper.  
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Authors: thank you for this, we were not aware of this method of choosing a cutpoint, but it is very 

useful. We have added this to the methods and results, suggesting a cutpoint of 295mOsm/L:  

“Using the ROC plot for equation 32 (Figure 2, combined, see yellow line) we chose a decision 

threshold for dehydration as assessed by equation 32 (45). The mean prevalence of dehydration 

across all 5 cohorts was 0.19, and we estimated that the cost of a false-negative finding (missing that 

a person is dehydrated, with its health consequences) has five-times the cost of a false-positive 

finding (labelling a person as dehydrated when they are not, resulting in a further blood test to directly 

measure osmolality or simply encouraging them to drink more). This gave a slope of 0.2x0.81/0.19 = 

0.85. A line with a slope of 0.85, is tangent to the equation 32 ROC curve at the cutpoint of 

295mOsm/L giving sensitivity of 84.5% and specificity of 58.9% (with a positive likelihood ratio of 2.05 

and a negative likelihood ratio of 0.26).”  

We have further interpreted this finding into a laboratory proforma in a new Figure 3.  

 

Statistical analysis – is there any value added to looking at “absolute bias,” or do you feel that this is 

revealed plainly enough by the 95% CI of the Bland-Altman (i.e., extreme +/- values)?  

 

Authors: we feel that this is well presented in Supplemental Table 4 numerically, and also visually by 

the Bland-Altman plots (now Supplemental Figure 2) and further analyses on this point are probably 

not needed. Bland-Altman plots are intended to display absolute bias graphically.  

 

Box 2 – Under “Directly measured serum osmolality”…”plasma water” should read “serum water,” 

correct? Under “Directly measured plasma osmolality”…”Directly measured serum…” should read 

“Directly measured plasma…”, correct? Under “Calculated serum osmolarity,”…”…osmolar 

concentration of plasma…” should read, “osmolar concentration of serum...”, correct? Perhaps 

consider an appropriate reference for your definitions? (e.g., Deardorff, AJHP, 1980). There are 

others too, but suggest ‘Wikipedia’ (ref#’s 23 and 40) is not one for a paper such as this.  

 

Authors: yes, completely correct, we have amended the text as suggested, and referenced Deardorff 

1980. We have checked the context of references 23 and 40 and found they refer to the same 

website – so have merged these, but retained the reference as this is the Wikipedia osmolarity 

equation which appears to be used by many (younger) physicians in practice – so we felt it important 

to test this equation along with the other equations.  

 

References – there are inconstancies in your citations (e.g., same journal is sometimes abbreviated, 

sometimes written out), there are multiple kinds of font used, etc. Please carefully correct. Also, there 

appear to be fewer references cited in your text than in your reference list. Were some references 

planned as supplemental sources? There are several personal communications cited – are these 

really necessary?  

 

Authors: we have sorted out the references including the journal names and believe these are now 

consistent. The additional references were references for what is now Supplemental Table 1. This 

table is now in the supplemental material, so the additional references are found in the additional 

material, and are no longer in the main reference list. The personal communications are there as they 

were the original references for some of the equations we used (taken from Khajuria and Krahn) – it 

feels appropriate to cite them.  

 

Table 8 – X indicates not useful, ‘sun’ symbol indicates useful, so what does a blank cell indicate?  

 

Authors: good question! We have added a third category for tests which sometimes appear useful, but 

are not consistently useful. This is now Table 2.  

 

The tables and figures are good BUT there are probably too many. Could only the most relevant 
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(author opinion) be included and the rest be made available as supplemental files? This is just a 

suggestion.  

 

Authors: good idea, we have moved many of the tables and figures into supplemental files. This now 

leaves 2 tables, 3 figures (including a new Figure 3) and a box in the main manuscript and all the 

remaining tables and figures still available for scrutiny but in the supplemental materials.  

 

MAJOR:  

Throughout manuscript – please provide the volume of plasma or serum sample analyzed for 

osmolality (i.e., analyzer-dependent). It appears that Pfortmueller used 200-300 uL, Sjöstrand, Fortes, 

and NU-AGE 20 uL, and DRIE appears unknown (?). Please provide the DRIE analyzer information 

and consider adding to the discussion whether or not the analyzer sample volume matters.  

 

Authors: apologies for not making it clear that the DRIE and NU-AGE analyses were identical – they 

occurred at the same laboratory, using the same equipment and the same personnel (this issue was 

abbreviated when we focussed on dropping the word count) – we have added this text in the DRIE 

section “Serum analyses for DRIE were as for NU-AGE (same laboratory, personnel, accuracy and 

equipment)”. We hope this is now clearer.  

 

Throughout manuscript – please provide information on electrolyte analysis; more specifically, were 

sodium and potassium measured using direct ISE or indirect ISE? If the latter, please discuss the 

potential limitation(s) (i.e., only direct ISE is unaffected by changes in the water content of 

plasma/serum). There are many papers that can be consulted (e.g., Langhoff and Ladefoged, Clin 

Chem, 1985; IFCC, Clin Chem Lab Med 2000). Might this explain some of the performance 

discrepancies among your cohorts?  

 

Authors: thank you for alerting us to this issue. We have clarified that NU-Age, DRIE, Fortes, 

Sjöstrand and Pfortmeuller all used indirect ISE, and have added this information to the text (for each 

cohort). We have also added a paragraph on the implications of this to the discussion, and see it as 

both a weakness and a strength – this method is clearly not ideal as some older people will have low 

protein levels, inflating sodium and potassium measurements. On the other hand, despite this, the 

Khajuria and Krahn equation is good at screening for dehydration in older people – it works under the 

realistic conditions of the large hospital laboratory analysers.  

 

Tables 3a & b, Results, and Discussion: Classical thought is that hypernatremia principally explains 

hyperosmolality when fluids are restricted. Indeed, the correlations in Table 3a are highest for Na+. 

However, urea and glucose make a larger contribution in your samples based on a hypernatremia 

definition of > 145 mmol/L (Table 3b). Please consider discussing this apparent paradox relative to 

Edelman et al. (J Clin Invest, 1958) or even Cheuvront et al. (AJCN, 2013 – water deficit paper).  

 

Authors: We agree that this is an important aspect of the discussion and our earlier partial discussion 

of this area was removed in shortening the paper for publication. We have added a paragraph on this 

topic, in line with suggestions, to the discussion section as suggested.  

 

 

Reviewer: 3  

 

Reviewer Name Colleen Muñoz, PhD  

Institution and Country University of Connecticut, USA  

 

The authors should be commended for a well conducted investigation, analysis, and well written 

manuscript. This investigation collected a large amount of data from five different cohorts of older 
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adults to evaluate a commonly used serum/plasma osmolality equations and how they compare to 

direct measurement of osmolality. This question is highly impactful in clinical scenarios. While I have 

few changes to suggest (see below), the largest concern I have pertains to the rationale for why 

serum/plasma osmolality holds importance in these contexts. I recommend that the introduction be 

slightly redirected to coordinate with recent literature published on serum/plasma osmolality over the 

course of many hours to days (see below). Otherwise, I recommend the acceptance of this 

manuscript.  

 

Authors: thank you.  

 

Strengths and Limitations  

Page 5, line 22. Please change don't to do not.  

 

Authors: this text has been removed in addressing the next point  

 

Page 5, line 21. The authors have not addressed the potential issue with fresh versus frozen samples. 

Please see below elaboration and consider addressing this potential issue in the text.  

 

Authors: thank you for pointing this out, we have read around this and added it to the discussion. The 

NU-AGE samples (the only ones not analysed fresh) were stored at -80˚C, and our references 

suggest that osmolality is not affected in samples stored this cold. See more detail below.  

 

Background  

Page 6, line 4. How were these people deemed to be dehydrated? No need to thoroughly discuss this 

here but the point is that we do not have a gold standard for dehydration and therefore there is some 

uncertainty with these reports. I strongly suggest adding a statement or simply a word (like “reported” 

dehydrated or dehydrated according to _____ measurement) to all three examples to account for our 

lack of a gold standard dehydration measurement.  

 

Authors: we would disagree, there is a growing consensus that dehydration resulting from insufficient 

fluid intake is reflected in raised serum and plasma osmolality – and that serum and plasma 

osmolality are the gold standards for water-loss dehydration – although not, of course, for 

hypovoaemia. We have justified this briefly in the next paragraph on page 6.  

 

Page 6, line 11. How do you know this is not also accompanied by hypovolemia (since you have 

separated the two circumstances)? Particularly with dehydration over the course of days, cellular 

water loss might very well exist.  

 

Authors: we agree that some participants may have had hypovolaemia, in the same way that some 

will have had raised serum sodium and some will have had liver cirrhosis – we are interested in 

understanding water-loss dehydration, associated with fluid intake deficit, and signified by raised 

osmolality. We believe that we need to separate out the different forms of dehydration (water-loss 

dehydration and hypovolaemia) if we are to understand how to recognise them and how to treat them. 

This paper focuses on water-loss dehydration only, regardless of volaemic status.  

 

Page 6, line 22. There is now mounting evidence that the urinary markers (urine osmolality, specific 

gravity, etc.) best represent fluid loss over the course of days, or chronic dehydration/low fluid intake. 

Further, a handful of recent investigations have displayed no difference in serum/plasma osmolality 

among a wide range of chronic fluid intakes, suggesting serum/plasma osmolality is very tightly 

regulated (especially over the course of days) and therefore might not accurately detect dehydration. 

This concerns me greatly when considering the relevance described in the introduction of this 

manuscript. However I recognize that the large majority of clinical care still utilizes serum/plasma 
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osmolality as a dehydration biomarker. I strongly recommend that the rationale for this investigation 

address that serum/plasma osmolality is most frequently used in a clinical setting rather than the 

rationale that serum/plasma osmolality is the reference standard.  

 

Authors: although there is good evidence for use of urinary markers in young adults, they do NOT 

seem to work in older adults (see the Cochrane systematic review [Clinical symptoms, signs and tests 

for identification of impending and current water-loss dehydration in older people. Hooper L et al. 

Cochrane Database of Systematic Reviews 2015, Issue 4. Art. No.: CD009647], the Fortes study 

[Fortes MB et al. Is This Elderly Patient Dehydrated? Diagnostic Accuracy of Hydration Assessment 

Using Physical Signs, Urine, and Saliva Markers. J Am Med Dir Assoc 2015;16(3):221-8], and a 

paper of primary data we have submitted [Can we use urine to tell if we are dehydrated? Diagnostic 

accuracy in older people. Hooper L et al. Submitted July2015], these references now added to the 

text), probably due to limitations in renal function and urinary concentrating ability in a large proportion 

of the very elderly. For this reason we would re-state that in older adults serum osmolality is the 

reference standard for water-loss dehydration.  

 

Page 6, line 29. This finding is only according to your investigations where you used plasma 

osmolality as the gold standard for your analyses, of which most would argue is not a gold standard 

for dehydration especially over the course of many hours or days and it created a strong bias with the 

statistical evaluation of the efficacy of urinary markers. Therefore, this sentence should be removed 

and I highly recommend the authors examine recent hydration marker literature examining habitual 

fluid intake and fluid intake manipulated over the course of days. (e.g. 1) Perrier, E., Vergne, S., Klein, 

A., Poupin, M., Rondeau, P., Le Bellego, L., et al. (2012). Hydration biomarkers in free-living adults 

with different levels of habitual fluid consumption. The British Journal of Nutrition, 2) Johnson, E. C., 

Muñoz, C. X., Le Bellego, L., Klein, A., Casa, D. J., Maresh, C. M., & Armstrong, L. E. (2015). Markers 

of the hydration process during fluid volume modification in women with habitual high or low daily fluid 

intakes).  

 

Authors: thank you, it is really useful to discuss this. The Institute of Medicine [Institute of Medicine. 

Panel on Dietary Reference Intakes for Electrolytes and Water. Dietary Reference Intakes for Water, 

Potassium, Sodium, Chloride, and Sulfate. Washington DC, USA: National Academies Press; 2004], 

Cheuvront [Cheuvront SN et al. Physiologic basis for understanding quantitative dehydration 

assessment. American Journal for Clinical Nutrition 2013;97:455-62] (who has done some of the key 

research on hydration) and experts interested in hydration in older people [Thomas DR et al. 

Understanding clinical dehydration and its treatment. JAMDA 2008;9(5):292-301] have all stated that 

serum or plasma osmolality are the reference standards for water loss dehydration. We agree that in 

younger people there may be alternatives. The excellent papers noted above suggest that low fluid 

intake is characterised in young adults (aged 25 to 40 years) by urinary parameters without alterations 

in plasma osmolality – these adults were not dehydrated, but had low fluid intake. In Cheuvront’s work 

in young fit adults actual dehydration is denoted best by raised serum osmolality. This issue has been 

briefly added to the text of the introduction. To reiterate, urinary measures do not work in older adults 

(probably due to reduced renal concentrating capacity with age), though they appear to be very useful 

in younger adults.  

It is probably worth saying here that the risks of dehydration are much higher in older adults than 

young and middle aged adults for a variety of reasons. This explains why you are not seeing 

dehydration in your 25-40 year olds, but we found 19% of our older adults to be dehydrated. The 

issues for older people include loss of the thirst sensation, reduction in renal concentrating ability, 

worries about continence and access to toilets leading to decisions to reduce fluid intake, issues 

around physical access to fluids (at the levels of shopping, moving drinks around the home and lifting 

a jug or cup safely without spilling), increased isolation with loss of spouses, friends and relatives 

leading to reductions in social drinking, and cognitive problems leading to loss of routine and 

forgetting drinking, and even a lower baseline TBW so that older people have a smaller fluid reserve.  
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Methods  

Page 7, line 17. The freezing of the samples is concerning considering several publications have 

found that while the response is variable, frozen samples generally do not match up to fresh aliquots, 

which is potentially even more concerning if some samples are effected but others are not. One 

example: Bohnen, N., Bohnen, N., Terwel, D., Terwel, D., Markerink, M., Markerink, M., et al. (1992). 

Pitfalls in the Measurement of Plasma Osmolality Pertinent to Research in Vasopressin and Water 

Metabolism. Clinical Chemistry and Laboratory Medicine. Perhaps you can identify an argument for 

evaluating frozen samples? Is this common clinical practice and therefore ecologically valid? This 

should be mentioned as a potential limitation.  

 

Authors: thank you for noting freezing of samples as a potential limitation. We had not concentrated 

on this, but have now focussed on the literature in this area. It suggests that samples stored at -20 ˚C 

deteriorate over time (Bohnen 1992, Seifarth 2004 ), but that samples stored at -80 ˚C do not (Seifarth 

2004). We have added this to the discussion.  

 

Page 7, line 27. Great control (sending identical aliquots to multiple laboratories).  

 

Authors: thank you  

 

Page 8, line 21. What if the range spanned greater than ~3 mOsm? Still the average was taken?  

 

Authors: serum osmolality was not duplicated in the Sjöstrand study, we hope this is now clearer in 

the text  

 

Page 9, line 15. Please add “we” after “so” and “identified”.  

 

Authors: completed as suggested.  

 

 

Results  

Page 10, line 11. This sentence is unclear. Is it stating that between the Sjöstrand cohort plasma 

osmolalities had 44% variation? Please clarify.  

 

Authors: clarified, this now states “Current dehydration (directly measured serum/plasma osmolality 

>300mOsm/kg) varied from 8% of participants (Fortes) to 44% (Sjöstrand).”  

 

Page 10, line 28. This sentence is unclear. Please revise. Perhaps (if I understand correctly): 

Participants with raised serum sodium, potassium, urea and glucose were noted as being dehydrated.  

 

Authors: thank you for pointing out this was unclear. We did not mean what you suggested. The 

clarified (we hope) sentence now reads “Participants with raised serum sodium, potassium, urea and 

glucose were classified by hydration status in Supplemental Table 3”. Please note that we added this 

cross tabulation in response to STARD standard 19 “Report a cross tabulation of the results of the 

index tests (including indeterminate and missing results) by the results of the reference standard; for 

continuous results, the distribution of the test results by the results of the reference standard”.  

 

Discussion  

Overall, great discussion points and recommendations.  

 

Authors: thank you  
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Reviewer: 4  

 

Reviewer Name Stephen Fletcher  

Institution and Country Anaesthetic Department, Bradford Teaching Hospitals  

 

Competing interests’: Previous collaboration with the first author  

 

 

This is a well conceived, conducted and written paper with potential benefit to patients.  

 

Authors: thank you  

 

I have only two comments.  

 

1) One of the groups included patients with decompensated liver cirrhosis. Such patients experience 

difficulty with sodium and water balance due to abnornalities in ADH and aldosterone. This is reflected 

in the low mean sodium in this group. Whilst this phenomenon does not detract from the findings it 

may be worth commenting upon.  

 

Authors: thank you for this comment, we have added it to the discussion.  

 

2) Using regression analysis I wondered whether the group could generate their own predictive 

formula for predicting dehydration-maybe the subject of a future paper.  

 

Authors: we did consider this but felt that there are such a large number of formulae in existence 

already that at least one of them is likely to be up to the job – so that comparison of existing formulae 

would be more useful than developing a new (competing) formula through regression. We also felt 

that showing that some (commonly used) formulae are NOT useful was a helpful part of this 

approach. 

VERSION 2 – REVIEW 

REVIEWER Sam Cheuvront 
USARIEM, USA 

REVIEW RETURNED 11-Sep-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 

 

REVIEWER Colleen Muñoz, PhD 
University of Hartford, USA 

REVIEW RETURNED 18-Sep-2015 

 

GENERAL COMMENTS I apologize for losing site of the direct focus of examining those older 
adults who would be expected to express elevated serum/plasma 
osmolality as a result of fluid losses or reduced fluid intake. And, 
thank you for adding the methodological details that now add 
strength to this manuscript. This is a valuable contribution to the 
work on monitoring water loss dehydration in older adults.   
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REVIEWER Stephen Fletcher 
Bradford Teaching Hospitals  
Bradford  
BD9 6RJ  
UK 
 
Previous collaboration with Dr Hooper 

REVIEW RETURNED 07-Sep-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 
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