
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) Heat stress, hydration and uric acid: a cross-sectional study in 
workers of three occupations in a hotspot of Mesoamerican 
nephropathy in Nicaragua 

AUTHORS Wesseling, Catharina; Aragón, Aurora; González, Marvin; Weiss, 
Ilana; Glaser, Jason; Rivard, Christopher; Roncal-Jimenez, Carlos; 
Correa-Rotter, Ricardo; Johnson, Richard 

 

VERSION 1 - REVIEW 

REVIEWER Saroj Jayasinghe 
Faculty of Medicine  
University of Colombo  
Sri Lanka 

REVIEW RETURNED 05-Feb-2016 

 

GENERAL COMMENTS This is an extremely relevant study that attempts to add further 
evidence to the hypothesis that heat stress and dehydration 
contribute to the causation of Mesoamerican nephropathy. The 
authors have done well to design and complete a study under 
difficult conditions.  
General comment: The main weakness is that it is limited to two 
particular municipalities. This limits the ability to extrapolate to other 
areas.  
The authors should give the response rates of each category. The 
93% response rate from total, means 14 were non-responders. 
Theoretically, if all these 14 came from the 52 small-scale farmers, 
the response rate of this category would drop to 79%. Though this is 
acceptable as a response rate, the overall results in the 
comparisons between groups may be affected by bias.  
 
Are you hoping to do further studies using more sensitive tubular 
biomarkers (e.g. NAG, KIM-1)? May be useful to elaborate on this in 
the discussion.  
 
Were the Mexican questionnaires validated for Nicaragua and is so 
how?  
 
Specific comments:  
 
Abstract: Line 39: add 'Sugarcane (w)orkers.....  
 
Statistically analysis: How do the different cut-offs relate to accepted 
classifications? For example, the comparability of >3 pack-years as 
'heavy smokers' in the literature, and >80,000 g of lifetime alcohol in 
relation to accepted cutoffs for 'unsafe' limits. This comment applied 
to other categories also, and a specialist in statistics may answer 
this question.  
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Table 3: Legend states ...by exposure to occupational heat stress 
(sugarcane>construction>farming). How was this trend estimated? 
The text on page 10 line 7 states that sugarcane cutters worked an 
average of 7.7, farmers 6, and construction workers 9.4 hours. Can 
the authors clearly state the hours of heat exposure (= working 
hours - rest period)? 

 

REVIEWER Rebekah Lucas 
University of Birmingham, Uk 
 
I have worked with some of the listed authors on previous papers 
but I had no part in the reviewed manuscript. I have no competing 
interests to declare for this manuscript. 

REVIEW RETURNED 06-Apr-2016 

 

GENERAL COMMENTS This is an important study investigated the potential risk factor for 
Mesoamerican nephropathy. It was carefully performed and well 
written.  
Major comments  
It would seem important to identify the CKD prevalence in 
Chinandega and Leon population to signal expected prevalence rate 
in assessed worker groups. Are the size of the assessed groups 
large enough to assess prevalence of kidney dysfunction?  
Table 1, 2, 3. Post hoc comparisons between groups should be 
performed and would aid data interpretation. The authors have 
report the overall ANOVA group interaction, but where there is an 
overall group interaction is not clear how three groups differed from 
one another.  
A limitations section would be appropriate  
Minor comments  
Could the authors explain what they mean by “a better metabolic 
profile” in the abstract and conclusion?  
Reference to India epidemic seems out of place at the end of 
paragraph one.  
Table 4: please include the number of workers counted in each 
quartile of fluid intake.  
Table 5: pleas label A and B section  
With respect to the high volumes of fluid intake and increased 
prevalence of kidney dysfunction, how might thirst be affected by 
kidney dysfunction?  
Page 5, line 7: suggest rewording to “ kidney dysfunction than small 
scale farmers….”  
Page 5, line 39: “and immediately after for construction workers” 
immediately after what?  
Page 7, line 26 “(upper quartile among ever smokers)” doesn‟t make 
sense  
Suggest rephrasing of the following sentences: Page 2 lines 37-38, 
page 16, lines 50-51. Page 17, line 20-21 and line 10-11.  
  

 

REVIEWER Wei Chen 
University of Rochester School of Medicine and Dentistry, 
Rochester, NY, USA 

REVIEW RETURNED 21-Apr-2016 
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GENERAL COMMENTS Mesoamerican nephropathy is an unexplained epidemic of CKD. 
In Central America, the prevalence of MeN is high among 
sugarcane workers. The study aims to compare the prevalence of 
potential CKD risk factors among sugarcane cutters, construction 
workers and small-scale farmers laboring in the same hot 
environment. Authors hypothesized that surgarcane cutters 
experience more heat stress, more dehydration and more signs of 
kidney dysfunction. The study was conducted in the Pacific Region 
of Nicaragua, which the MeN was epidemic. 194 male workers 
were recruited for the study (86 sugarcane cutters, 56 construction 
workers and 52 small-scale farmers). It is a cross-sectional study. 
The statistical analyses seem appropriate. The key findings are 
more sugarcane cutters had eGFR<80 and in multivariate linear 
regression, age and serum uric acid level were significantly 
associated with reduced kidney function. The article is well-written, 
thorough with intriguing findings. -The major limitation of the study 
is the cross-sectional nature of the study, thus it is difficult to 
establish temporal relationship, but this article provides useful 
information for future prospective study and is hypothesis 
generating.  
 
Major:  
-Would be helpful to see a power analysis given the low rate of 
event (reduced eGFR).  
-In table 4, sugarcane workers have high urine specific gravity 
despite the same fluid intake. This is not consistent with the 
tubulointerstitial injury seen in MeN, in which one would expect 
concentrating defect. Please comment.  
-Limitations were address in the abstract. suggest to create a 
section to discuss limitations under Discussion.  
 
Minor:  
-The article mentions both drinking alcohol and water. To avoid 
confusion, please distinguish them. Consider changing "drinking" 
or "heavy drinking" to "alcohol intake" when appropriate.  
-There are a few editorial changes needs to be made. For 
example, on page 12, line 55, "although sugarcane cutters as 
group..." --> "although sugarcane cutters as A group." On page 10, 
line 9, "Farm workers worked least hours per day..." --> "farm 
workers worked THE least hours per day."  

 

  
 

 

REVIEWER Emmanuel A. Burdmann 
University of Sao Paulo Medical School 

REVIEW RETURNED 27-Apr-2016 

 

GENERAL COMMENTS In this interesting manuscript, Wesseling et al explored renal 
function, renal biomarkers and risk factors for MeN/CKD in young 
sugarcane, construction and small-scale workers. They found that 
heat stress, dehydration and kidney dysfunction were most common 
among sugarcane cutters. Kidney dysfunction occurred in lesser 
extent also among construction workers, but hardly among small-
scale farmers. High serum uric acid associated with kidney 
dysfunction. The manuscript reads well, the project was elegantly 
designed and well developed. The results are consistent and very 
important in this field of research.  
Minor questions to be addressed  
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1. I suggest including in the Introduction and the Discussion the 
possible role of daily episodes of acute kidney disfunction, 
rhabdomyolysis and systemic inflammation as possible causes of 
CDK development in MeN.  
2. How was done the selection for possible inclusion in the study? 
How many individuals were considered for the study and how many 
were included. There was drop of included patients?  
3. All the blood and urine tests were collected at the same period of 
the year?  
4. Please, provide total WBC and differential count in order to 
assess a possible systemic inflammation.  
5. Was type II error calculated? If not, please acknowledge as a 
possible study limitation.  
6. In page 17 the statement “Thus, our studies suggest that most, if 
not all cases of reduced kidney function, are related to 
Mesoamerican nephropathy and not classic CKD.” is probably too 
strong for the results of the study. I suggest changing to “ Our study 
showed a higher frequency of lower eGFR and urinary abnormalities 
in sugar cane workers, without baseline diseases classically 
associated to CKD development. It is possible that some of the se 
individuals evolve to MeN”. 

 

REVIEWER LGM Joergensen 
University of Copenhagen 

REVIEW RETURNED 30-Jun-2016 

 

GENERAL COMMENTS There are certain difficulties:  
All abbreviations should be clearly given and explained.  
The aim is certainly very important. The manus is however rather 
long and with details that are not important for the aim and the 
conclusion. There are many demographis informations that are 
interesting, but not critical for the aim of the study.  
The manus states that diabetes is not the cause of renal disease. 
The measurement of blood sucker should be standardised and 
described clearly, since it is one of the key points of the 
investigation.  
All the demographic data are very interesting, however the 
presentations clould be more focussed on the task of the 
investigation. As the data are interesting, it would improve the 
presentation, if data were given just as background for the 
understanding of the setting of this important study.  
You have many details, in univariate study one can investigation the 
importance of individual markers, in multivariate the important 
markers are ususally investigated.  
Overall it is a very interesting area to make a study of, and minor 
corrections would make it very much more clear and focussed. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1, Saroj Jayasinghe  

 

-This is an extremely relevant study that attempts to add further evidence to the hypothesis that heat 

stress and dehydration contribute to the causation of Mesoamerican nephropathy. The authors have 

done well to design and complete a study under difficult conditions.  

 

The authors thank Dr. Jayasinghe for his thoughtful comments.  
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-General comment: The main weakness is that it is limited to two particular municipalities. This limits 

the ability to extrapolate to other areas.  

Authors‟ reply: We selected the two (neighboring) municipalities, León and Chinandega, for being the 

main hotspot of Mesoamerican nephropathy in Nicaragua. Our aim was to compare CKD prevalence 

among workers in different occupations, both working and living in this same epidemic area. 

Therefore, the comparison between the occupations is valid, but the reviewer is right that we cannot 

generalize the results to sugarcane workers, construction workers and farmers in other areas, in 

particular areas without apparent CKDu excesses, who may have different or no hazardous 

exposures. There is an urgent need for prevalence studies in more regions and populations. We 

added „a MeN hotspot‟ to the setting in the abstract.  

 

-The authors should give the response rates of each category. The 93% response rate from total, 

means 14 were non-responders. Theoretically, if all these 14 came from the 52 small-scale farmers, 

the response rate of this category would drop to 79%. Though this is acceptable as a response rate, 

the overall results in the comparisons between groups may be affected by bias.  

 

Authors‟ reply: All non-respondents were sugarcane workers (response 86%) and there were no 

refusals among construction workers and farmers. The reasons given by non-respondents were 

mostly fear of knowing the results of their kidney function and fear of donating a blood sample. Cane 

cutters had been subjected to a screening of serum creatinine prior to being hired two months earlier 

and all had received notification that their SCr was normal. Therefore, it is unlikely that the factual 

kidney function at the time of our study, two months later, was related to the refusals. It is also unlikely 

that fear of donating blood was related to kidney function status. A sensitivity analyses assuming that 

all refusals had normal kidney function yields a prevalence of reduced kidney function of 14% of 

sugarcane workers, just slightly below the observed 16% and the interpretation would be the same. In 

the highly unlikely opposite scenario of all refusals having reduced kidney function, the interpretation 

of the results would have been much stronger for sugarcane cutters. We added the response rates of 

the groups to the text.  

 

-Are you hoping to do further studies using more sensitive tubular biomarkers (e.g. NAG, KIM-1)? 

May be useful to elaborate on this in the discussion.  

Authors‟ reply: There are several ongoing studies in this epidemic area by different research groups, 

all using biomarkers of early tubular damage. We added in the discussion a sentence on the 

convenience of earlier markers of kidney damage in a new section on “Limitations”.  

 

-Were the Mexican questionnaires validated for Nicaragua and is so how?  

Authors‟ reply: The Mexican nutrition questionnaire was not formally validated for Nicaragua, but 

previous to its use it was thoroughly checked for language differences in food items and adapted by 

the local research team. Mexican food items unknown in Nicaragua were excluded from the 

questions. Interviewers were thoroughly trained to collect data on all food and liquid intake including 

any not on the Mexican list.  

 

Specific comments:  

 

-Abstract: Line 39: add 'Sugarcane (w)orkers.....  

Authors‟ reply: This sentence refers to all workers with eGFR<80, not only to sugarcane cutters. We 

changed the previous sentence slightly to make this more evident.  

 

-Statistically analysis: How do the different cut-offs relate to accepted classifications? For example, 

the comparability of >3 pack-years as 'heavy smokers' in the literature, and >80,000 g of lifetime 

alcohol in relation to accepted cutoffs for 'unsafe' limits. This comment applied to other categories 
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also, and a specialist in statistics may answer this question.  

 

Authors‟ reply: As explained in the methods, whenever possible we used cutoffs in accordance with 

standard clinical practice (e.g. glycemia, uric acid, hypertension etc.). With regard to smoking and 

drinking, our population is very young and measures of lifetime consumption are therefore low 

compared to other studies. For example, elderly heavy smokers accumulate over 40 pack-years as 

compared to the highest tertile in our study of only 3+ pack years. Short term alcohol intake defined 

as heavy in our study (≥125 g/week) is close to the US Substance Abuse and Mental Health Services 

Administration‟s standard of current heavy drinking, but the upper tertile of 80,000 g over a lifetime is 

well below life time consumption in other studies in older subjects. Therefore, we substituted the 

terms „heavy smoking‟ and „heavy drinking in the text and tables with „high tobacco and alcohol 

consumption‟.  

 

-Table 3: Legend states ...by exposure to occupational heat stress (sugarcane>construction>farming). 

How was this trend estimated? The text on page 10 line 7 states that sugarcane cutters worked an 

average of 7.7, farmers 6, and construction workers 9.4 hours. Can the authors clearly state the hours 

of heat exposure (= working hours - rest period)?  

 

Authors‟ reply: Our study hypothesis that heat stress is highest among cane cutters and lowest 

among farmers with construction workers in between, was based on anecdotal knowledge of working 

conditions as explained in the introduction, and worktime is only one indicator for heat exposure. The 

results in Table 3 support the hypothesis of such a trend.  

As requested by the reviewer, we changed the number of hours of work and minutes of breaks to 

effective work time (hours of work – rest periods) in the result section: 6.5 hours for sugarcane 

cutters, 8.1 hours for construction workers, and 5.3 hours for farmers.  

 

 

Reviewer 2, Rebekah Lucas  

 

-This is an important study investigated the potential risk factor for Mesoamerican nephropathy. It was 

carefully performed and well written.  

 

The authors thank Dr. Lucas for her valuable comments.  

 

Major comments  

-It would seem important to identify the CKD prevalence in Chinandega and Leon population to signal 

expected prevalence rate in assessed worker groups. Are the size of the assessed groups large 

enough to assess prevalence of kidney dysfunction?  

 

Authors‟ reply: Existing population-based prevalence studies from communities in the municipalities of 

León and Chinandega have reported very different data. Raines et al. (2014) observed eGFR <60 

ml/min/1.73m2 in 38.5% of men aged 20-39 in the most affected town of Chichigalpa, with mostly 

sugarcane workers. Torres et al. (2010) observed 19%, 17%, 10% and 0% of eGFR<60 in 

mining/subsistence farming, sugarcane/banana, fishing and service communities, respectively, 

among men aged 20-60. Lebov et al (2015) presented population-based prevalence data of CKD-EPI, 

including both urban and rural populations from León: 2.4% for males between 18 and 29 and 5.7% 

for males between 30-39. These differences can possibly be explained by predominance of different 

occupations in the different communities within this region. Exactly because of these differences, it is 

important to compare occupations from the same area exposed to the same climatic conditions, as 

we did. „Expected‟ prevalence rates can be derived rather from the US survey NHANES, where 

eGFR<60 occurs in less than 1% of adult men under age 40 (O‟Donnell et al, 2010).  

• Raines N, González M, Wyatt C, Kurzrok M, Pool C, Lemma T, Weiss I, Marín C, Prado V, Marcas 
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E, Mayorga K, Morales JF, Aragón A, Sheffield P. Risk factors for reduced glomerular filtration rate in 

a Nicaraguan community affected by Mesoamerican nephropathy. MEDICC Rev. 2014 Apr;16(2):16-

22.  

• Torres C, Aragón A, González M, López I, Jakobsson K, Elinder CG, Lundberg I, Wesseling C. 

Decreased kidney function of unknown cause in Nicaragua: a community-based survey. Am J Kidney 

Dis. 2010; 55(3):485-96  

• Lebov JF, Valladares E, Peña R, Peña EM, Sanoff SL, Cisneros EC, Colindres RE, Morgan DR, 

Hogan SL. A population-based study of prevalence and risk factors of chronic kidney disease in León, 

Nicaragua. Can J Kidney Health Dis. 2015;2:6.  

• O'Donnell JK, Tobey M, Weiner DE, Stevens LA, Johnson S, Stringham P, Cohen B, Brooks DR. 

Prevalence of and risk factors for chronic kidney disease in rural Nicaragua. Nephrol Dial Transplant. 

2011; 26(9):2798-805  

 

With regard to the size f the study groups, we had no data on prevalence of CKD among construction 

workers and, according to the above mentioned studies, the expected prevalence was low among 

subsistence farmers in Nicaragua. Therefore, we did a power calculation assuming a CKD prevalence 

of 19% among cane cutters and 2% among non-cutters, which yielded a power of 80% for detecting a 

difference at p=0.05 comparing 100 cane cutters with 100 non-cutters. The study ended up with 86 

cutters and 108 non-cutters, and post hoc calculations indicate a power for the main outcome of 

kidney dysfunction eGFR<80m/min/1.73m2 of 68%, but for cutters versus farmers 80%. The 

significant trends over ordered categories corresponding to our main hypothesis add confidence to 

our results. We added an explanation to the limitation section in the discussion.  

 

-Table 1, 2, 3. Post hoc comparisons between groups should be performed and would aid data 

interpretation. The authors have report the overall ANOVA group interaction, but where there is an 

overall group interaction is not clear how three groups differed from one another.  

Authors‟ reply: We performed post hoc tests for the comparisons of differences between the three 

groups, and added these data to tables 1, 2 and 3. We also added a sentence on these analyses to 

the statistical method section. The interpretation of the results did not change.  

 

-A limitations section would be appropriate  

Authors‟ reply: We added a heading “Study limitations” to the Discussion section.  

 

Minor comments  

-Could the authors explain what they mean by “a better metabolic profile” in the abstract and 

conclusion?  

Authors‟ answer: We changed the term to … having less obesity, lower blood sugar, better lipid 

profiles, and lower blood pressure  

 

-Reference to India epidemic seems out of place at the end of paragraph one.  

Authors‟ reply: We deleted the two sentences.  

 

-Table 4: please include the number of workers counted in each quartile of fluid intake.  

Authors‟ reply: We added these numbers to the table.  

 

-Table 5: pleas label A and B section. With respect to the high volumes of fluid intake and increased 

prevalence of kidney dysfunction, how might thirst be affected by kidney dysfunction?  

Authors‟ reply: We added labels A and B to Table 5.  

Excessive thirst is a symptom of CKD when the kidneys lose their ability to concentrate urine. We 

added a sentence to the Discussion section in the first paragraph under the heading „Hydration and 

fructose‟ indicating the possibility that the high liquid intake among cane cutters may be partially 

related to increased thirst from decreasing concentration capacity of damaged kidneys.  
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-Page 5, line 7: suggest rewording to “ kidney dysfunction than small scale farmers….”  

Authors‟ reply: We changed the sentence as requested.  

 

-Page 5, line 39: “and immediately after for construction workers” immediately after what?  

Authors‟ reply: We clarified the sentence.  

 

-Page 7, line 26 “(upper quartile among ever smokers)” doesn‟t make sense  

Suggest rephrasing of the following sentences: Page 2 lines 37-38, page 16, lines 50-51. Page 17, 

line 20-21 and line 10-11.  

Authors‟ reply: We clarified and rephrased sentences as requested, except page 17 line 20-21, for 

which we did not understand why it should be rephrased.  

 

 

Reviewer 3, Wei Chen  

 

-Mesoamerican nephropathy is an unexplained epidemic of CKD. In Central America, the prevalence 

of MeN is high among sugarcane workers. The study aims to compare the prevalence of potential 

CKD risk factors among sugarcane cutters, construction workers and small-scale farmers laboring in 

the same hot environment. Authors hypothesized that surgarcane cutters experience more heat 

stress, more dehydration and more signs of kidney dysfunction. The study was conducted in the 

Pacific Region of Nicaragua, which the MeN was epidemic. 194 male workers were recruited for the 

study (86 sugarcane cutters, 56 construction workers and 52 small-scale farmers). It is a cross-

sectional study. The statistical analyses seem appropriate. The key findings are more sugarcane 

cutters had eGFR<80 and in multivariate linear regression, age and serum uric acid level were 

significantly associated with reduced kidney function. The article is well-written, thorough with 

intriguing findings. -The major limitation of the study is the cross-sectional nature of the study, thus it 

is difficult to establish temporal relationship, but this article provides useful information for future 

prospective study and is hypothesis generating.  

 

The authors thank Dr. Wei Chen for his revision and valuable comments.  

 

Major:  

-Would be helpful to see a power analysis given the low rate of event (reduced eGFR).  

Authors' reply: We had no data on prevalence of CKD among construction workers and, according to 

existing studies, the expected prevalence was low among subsistence farmers in Nicaragua. 

Therefore, we did a power calculation assuming a CKD prevalence of 19% among cane cutters and 

2% among non-cutters, which yielded a power of 80% for detecting a difference at p=0.05 comparing 

100 cane cutters with 100 non-cutters. The study ended up with 86 cutters and 108 non-cutters, and 

post hoc calculations indicate a power for the main outcome of kidney dysfunction 

eGFR<80m/min/1.73m2 of 68%, but for cutters versus farmers 80%. The significant trends over 

ordered categories corresponding to our main hypothesis add confidence to our results. We added an 

explanation to the limitation section in the discussion.  

 

-In table 4, sugarcane workers have high urine specific gravity despite the same fluid intake. This is 

not consistent with the tubulointerstitial injury seen in MeN, in which one would expect concentrating 

defect. Please comment.  

Authors‟ reply: In Table 4, sugarcane cutters with low water intake (independent of their eGFR) had 

overall a higher urine specific gravity than non-cutters, which can be explained by the higher water 

requirements of cane cutting activity. Supplementary Table 1, however, shows that cane cutters with 

reduced kidney function did have a higher water intake than those with normal kidney function (see: 

median 6.3 vs 2.2 L, p=0.03) and also a lower proportion of subjects with USG≥1.030 (7% vs 17%), 
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although the latter was not significant. This is commented upon in the Discussion section under the 

heading „Hydration and fructose‟.  

 

-Limitations were address in the abstract. suggest to create a section to discuss limitations under 

Discussion.  

Authors‟ reply: We added a section of study limitations in the Discussion section.  

 

Minor:  

-The article mentions both drinking alcohol and water. To avoid confusion, please distinguish them. 

Consider changing "drinking" or "heavy drinking" to "alcohol intake" when appropriate.  

Authors‟ reply: We revised the article for the confusing terms and corrected them.  

 

-There are a few editorial changes needs to be made. For example, on page 12, line 55, "although 

sugarcane cutters as group..." --> "although sugarcane cutters as A group." On page 10, line 9, "Farm 

workers worked least hours per day..." --> "farm workers worked THE least hours per day."  

Authors‟ reply: We made the corrections.  

 

Reviewer 4, Emmanuel A. Burdmann  

 

-In this interesting manuscript, Wesseling et al explored renal function, renal biomarkers and risk 

factors for MeN/CKD in young sugarcane, construction and small-scale workers. They found that heat 

stress, dehydration and kidney dysfunction were most common among sugarcane cutters. Kidney 

dysfunction occurred in lesser extent also among construction workers, but hardly among small-scale 

farmers. High serum uric acid associated with kidney dysfunction. The manuscript reads well, the 

project was elegantly designed and well developed. The results are consistent and very important in 

this field of research.  

 

The authors thank Prof. Emmanuel Burdmann for his revision and valuable comments.  

 

Minor questions to be addressed  

1. I suggest including in the Introduction and the Discussion the possible role of daily episodes of 

acute kidney disfunction, rhabdomyolysis and systemic inflammation as possible causes of CDK 

development in MeN.  

Authors‟ reply: We added text in the section “Potential role for uric acid in kidney disease” integrating 

these possible causes in the reflections about causal pathways. We renamed the section “Potential 

mechanisms involved in inducing kidney damage”.  

 

2. How was done the selection for possible inclusion in the study? How many individuals were 

considered for the study and how many were included. There was drop of included patients?  

Authors‟ reply: We targeted a study population of about 200, half sugarcane cutters and half non-

cutters, the latter category divided into construction workers and small-scale farmers. As explained in 

the methods, community leaders of sugarcane villages identified and invited all young cane cutters of 

several of these communities. The construction workers were employed by private companies at 

three construction sites and were invited with the assistance of a trade union. The farmers were 

identified in a farming community with the help a rural farmer association. The response rate among 

the sugarcane cutters was 86%, and among construction workers and small scale farmers 100%, 

which we added to the text in the section about recruitment of study population (see also answer to 

reviewer 1)  

 

3. All the blood and urine tests were collected at the same period of the year?  

Authors‟ reply: Yes, between January and February 2013, under similar climatic circumstances (see 

section data collection in the methods).  
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4. Please, provide total WBC and differential count in order to assess a possible systemic 

inflammation.  

Authors‟ reply: We added WBC to Table 1 and Supplemental Table 1 as well as a mention in the text 

of the Result section. We did not find significant differences between the groups in total WBC, and the 

differential count was difficult to interpret.  

 

5. Was type II error calculated? If not, please acknowledge as a possible study limitation.  

Authors‟ reply: We had no data on prevalence of CKD among construction workers and, according to 

existing studies, the expected prevalence was low among subsistence farmers in Nicaragua. 

Therefore, we did a power calculation assuming a CKD prevalence of 19% among cane cutters and 

2% among non-cutters, which yielded a power of 80% for detecting a difference at p=0.05 comparing 

100 cane cutters with 100 non-cutters. The study ended up with 86 cutters and 108 non-cutters, and 

post hoc calculations indicate a power for the main outcome of kidney dysfunction 

eGFR<80m/min/1.73m2 of 68%, but for cutters versus farmers 80%. The significant trends over 

ordered categories corresponding to our main hypothesis add confidence to our results. We added an 

explanation to the limitation section in the discussion.  

 

6. In page 17 the statement “Thus, our studies suggest that most, if not all cases of reduced kidney 

function, are related to Mesoamerican nephropathy and not classic CKD.” is probably too strong for 

the results of the study. I suggest changing to “ Our study showed a higher frequency of lower eGFR 

and urinary abnormalities in sugar cane workers, without baseline diseases classically associated to 

CKD development. It is possible that some of the se individuals evolve to MeN”.  

Authors‟ reply: We agree that the statement is somewhat strong, but stating that possibly some of 

them evolve to MeN seems too weak to us. These are all young men under age 40 and, in particular 

the sugarcane cutters, mostly healthy. Prevalences of most traditional risk factors are low and in any 

case similar among those with and without reduced kidney function with high p-values for differences 

between these groups (see Supplementary Table 1). This indicates to us that most, if not all, are 

CKDu (or MeN), and definitely not related to traditional risk factors. We deleted “if not all” to 

somewhat soften the statement.  

 

 

Reviewer 5, LGM Joergensen  

 

The authors thank Dr. Jørgensen for his thoughtful comments.  

 

-There are certain difficulties: All abbreviations should be clearly given and explained.  

Authors‟ reply: We revised the paper to make sure all abbreviations are explained and added a list at 

the end of the paper.  

 

-The aim is certainly very important. The manus is however rather long and with details that are not 

important for the aim and the conclusion. There are many demographis informations that are 

interesting, but not critical for the aim of the study.  

 

Authors‟ reply: “The aim of this study was to compare prevalences of a range of potential CKD risk 

factors among sugarcane cutters, construction workers and small-scale farmers laboring in the same 

hot environment, along with biomarkers of hydration and kidney function.” We agree that the paper is 

lengthy and that detailed demographics contribute to the lengthiness. We would like to maintain the 

demographics in the Table 1, because to date no hard data exist in Central America regarding social 

risk factors of CKD for workers in different occupations, but we simplified the text in the Results 

section.  
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-The manus states that diabetes is not the cause of renal disease. The measurement of blood sucker 

should be standardised and described clearly, since it is one of the key points of the investigation.  

 

Authors‟ reply: We agree that blood sugar determination is key to evaluate the existence of diabetes 

in our study population, as a potential confounding cause of CKD. The glucose was determined with 

an enzymatic colorimetric test for glucose, after enzymatic oxidation in the presence of glucose 

oxidase. The formed hydrogen peroxide reacts under catalysis of peroxidase with phenol and 4-

aminoantipyrine to a red-violet quinoneimine dye as indicator. We extended the explanation in the 

methods. Of note is that the Nicaraguan laboratory is the national reference center for clinical 

measurements and forms part of an international interlaboratory quality control program.  

 

-All the demographic data are very interesting, however the presentations clould be more focussed on 

the task of the investigation. As the data are interesting, it would improve the presentation, if data 

were given just as background for the understanding of the setting of this important study.  

Authors‟ reply: See our answer above.  

 

-You have many details, in univariate study one can investigation the importance of individual 

markers, in multivariate the important markers are ususally investigated.  

Authors‟ reply: The reviewer is right, and actually that is what we did. Univariate analyses for 

associations between all potential risk factors with eGFR<80ml/min/1.73m2 are included in 

Supplementary Table 1, and multivariate analyses with risk factors associated at p<0.1 in Table 5. 

See also heading of „Risk factors for reduced kidney function‟ in the Results section.  

We agree that the text has many details. However, this study explores risk factors of a nephropathy of 

unknown cause, and the debates on the disease etiology comprise multiple potential risk factors. 

Table 1 and 2 describe differences in exposures to such risk factors between the three groups, Table 

1 focusing on social and health factors, and Table 2 focusing on occupational risk factors, heat stress 

and hydration. Although the risk factors are many, these data are important for MeN researchers, 

because the exposure differences (along with differences in markers of hydration and kidney function) 

among the three occupations provide clues for etiology. Not only positive findings are important in the 

univariate analyses, but also the negative ones or simply the absence of exposures to potential risk 

factors in groups at high risk for CKD.  

 

Overall it is a very interesting area to make a study of, and minor corrections would make it very much 

more clear and focussed.  

Authors‟ reply: We condensed the paper where we could, but that was difficult being this a cross-

sectional, descriptive and exploratory study. 

VERSION 2 – REVIEW 

REVIEWER Saroj Jayasinghe 
University of Colombo  
Sri Lanka 

REVIEW RETURNED 02-Sep-2016 

 

GENERAL COMMENTS Re-review: Saroj Jayasinghe  
 
Thank you for requesting me to review the amended version of this 
paper. The paper is on a very interesting topic and attempts to 
advance knowledge in relation to Mesoamerican nephropathy.  
 
The following comments are aimed at a few methodological issues 
which I noticed on further analyses of the data and the resubmitted 
version of the paper. The points made in these comments question 
key areas of the methods, and therefore the conclusions that could 
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be reached from these results. If these points are adequately dealt, it 
would strengthen the academic rigor of the study and give directions 
for further research to the academic community.  
 
CREATININE AND URINE SPECIFIC GRAVITY  
Page 6, Lines 16-21  
Statistical analysis  
Glomerular filtration rate estimated by the CKD-EPI equation 
(eGFRCKD-EPI) was the main outcome measure, categorized into < 
and ≥80 mL/min/1.73m2. This cutoff point was chosen instead of the 
traditional <60 because too few workers had eGFR<60.  
 
Comment by reviewer: Authors have to indicate how reliable this 
change in eGFR from the accepted <60 to <80 is. If not, this will be a 
serious drawback that should be justified in the paper. Changing an 
accepted cut-off because of inadequate numbers is not a strong 
enough justification, especially because the results play a key role in 
strengthening a hypothesis.  
 
Page 6, 22-27  
Prevalences of high serum urea nitrogen (BUN (>20 mg/dL), high 
serum creatinine (SCr (>1.2 mg/dL), high serum uric acid (S-UA 
(>7.2 mg/dL), and of urinary markers (presence of protein 
>30mg/dL, blood, nitrites or leucocytes) in urine were secondary 
measures of kidney dysfunction. Prevalences of high urinary specific 
gravity (USG≥1.030), low urinary pH (≤5.5) and high BUN/SCr ratio 
(>20) were used as indicators of dehydration.  
 
Comment by reviewer:  
These samples were collected after an overnight fast. How reliable 
would it be for workers not to take water despite relative dehydration 
on the previous work day?  
 
ALBUMINURIA  
Page 6, lines 31-38  
A urinalysis dipstick was performed on a spot morning sample, using 
a Bayer Clinitek 50 Urine Chemistry Analyzer with Multistix 10SG 
reagent strips (Siemens Diagnostics, United States) with semi-
quantitative measurements of protein (≥30 to<300 mg/dL and ≥300 
mg/dL, glucose (positive at ≥100 mg/dL), specific gravity (USG) 
(1.000 – 1.030), Ph (5.0-8.5), blood (+ to +++), nitrite (positive), 
leukocyte esterase (+ to +++), bilirubin (+ to +++), ketone (≥5 mg/dl) 
and urobilinogen (≥2 Ehrlich Units  
 
Comment by reviewer:  
a) Why wasn‟t the urinary albumin : creatinine ratio used? The 
authors have to either justify this, or include this as a serious 
drawback in the study.  
 
The concentration of protein or albumin in a urine sample is 
influenced by hydration and therefore how diluted or concentrated a 
urine sample is. Therefore the ratio of albumin to creatinine is used 
because creatinine excretion is considered to be fairly constant 
throughout the day. (Kidney Disease: Improving Global Outcomes 
(KDIGO) CKD Work Group. KDIGO 2012 Clinical Practice Guideline 
for the Evaluation and Management of Chronic Kidney Disease. 
Kidney inter., Suppl. 2013; 3: 1–150).  
 
b) Recent population based studies have shown the relatively poor 
reliability of spot samples of urine dip-stick in detecting renal disease 
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(Gharbi MB et al., Chronic kidney disease, hypertension, diabetes, 
and obesity in the adult population of Morocco: how to avoid “over”-
and “under” diagnosis of CKD. Kidney International. 2016; 89: 1363-
1371).  
 
c) Since the paper proposes a hypothesis for a chronic renal 
disorder, a single urine sample for albuminuria is inadequate to 
indicate chronicity and long-term damage to the kidney. In 
paragraph 1 of page 21 the authors imply that these are features of 
decreased renal function. This sentence should be modified. The 
authors should mention the drawbacks of using single samples of 
urine as an index of renal damage. This point is highlighted in a 
recent systematic review (Bruck K Et al., Methodology used in 
studies reporting chronic kidney disease prevalence: a systematic 
literature review. Nephrology Dialysis and Transplantation 
2015;30:iv6-iv16). The KDIGO paper above also makes a similar 
point (page 59): “Given the high biological variation and other 
pathological and physiological causes of albuminuria, repeat testing 
to confirm albuminuria, ideally using an EMU and laboratory testing, 
is recommended”.  
 
Alternatively the authors could mention that the albuminuria maybe 
an indication of acute insult to the kidney , and that repeated such 
insults could lead to CKD. 

 

REVIEWER Rebekah Lucas 
University of Birmingham  
United Kingdom 

REVIEW RETURNED 14-Sep-2016 

 

GENERAL COMMENTS The authors have carefully addressed each of the concerns raised 
and I am satisfied with the amendments they have made to the 
manuscript. I have one minor comment regarding the abstract, Lines 
36-39: It remains unclear which group of worker these results refer 
to. 

 

REVIEWER Emmanuel A. Burdmann 
University of Sao Paulo Medical School  
Brazil 

REVIEW RETURNED 31-Aug-2016 

 

GENERAL COMMENTS My questions were adequately addressed.   

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: 4  

Reviewer Name: Emmanuel A. Burdmann  

Institution and Country: University of Sao Paulo Medical School, Brazil  

Please state any competing interests or state „None declared‟: None declared  

 

Please leave your comments for the authors below  

My questions were adequately addressed.  
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Reviewer: 1  

Reviewer Name: Saroj Jayasinghe  

Institution and Country: University of Colombo, Sri Lanka  

Please state any competing interests or state „None declared‟: None declared  

 

Please leave your comments for the authors below  

Re-review: Saroj Jayasinghe  

 

Thank you for requesting me to review the amended version of this paper. The paper is on a very 

interesting topic and attempts to advance knowledge in relation to Mesoamerican nephropathy.  

 

The following comments are aimed at a few methodological issues which I noticed on further analyses 

of the data and the resubmitted version of the paper. The points made in these comments question 

key areas of the methods, and therefore the conclusions that could be reached from these results. If 

these points are adequately dealt, it would strengthen the academic rigor of the study and give 

directions for further research to the academic community.  

 

Authors‟ response: We thank Dr. Jayasinghe for his important comments, which we have addressed 

to the best of our ability.  

 

CREATININE AND URINE SPECIFIC GRAVITY  

Page 6, Lines 16-21  

Statistical analysis  

Glomerular filtration rate estimated by the CKD-EPI equation (eGFRCKD-EPI) was the main outcome 

measure, categorized into < and ≥80 mL/min/1.73m2. This cutoff point was chosen instead of the 

traditional <60 because too few workers had eGFR<60.  

 

Comment by reviewer: Authors have to indicate how reliable this change in eGFR from the accepted 

<60 to <80 is. If not, this will be a serious drawback that should be justified in the paper. Changing an 

accepted cut-off because of inadequate numbers is not a strong enough justification, especially 

because the results play a key role in strengthening a hypothesis.  

 

Authors‟ response: The use of an eGFR of 60 for CKD is standard but arbitrary. Normal GFR is 

usually considered > 90. We chose 80 to be below the level of eGFR usually considered in the normal 

range. Having chosen this cut-off point does not affect the results or the conclusions.  

 

 

Page 6, 22-27  

Prevalences of high serum urea nitrogen (BUN (>20 mg/dL), high serum creatinine (SCr (>1.2 

mg/dL), high serum uric acid (S-UA (>7.2 mg/dL), and of urinary markers (presence of protein 

>30mg/dL, blood, nitrites or leucocytes) in urine were secondary measures of kidney dysfunction. 

Prevalences of high urinary specific gravity (USG≥1.030), low urinary pH (≤5.5) and high BUN/SCr 

ratio (>20) were used as indicators of dehydration.  

 

Comment by reviewer:  

These samples were collected after an overnight fast. How reliable would it be for workers not to take 

water despite relative dehydration on the previous work day?  

 

Authors‟ response: The samples were collected early in the morning (Data collection started between 

5.30 and 6.00 am, see methods). Workers did not consume any food before providing blood and urine 

samples (spot urine samples), but ingested water or other fluids during the evening, night and early 
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morning. Nonetheless, we observed lower U-pH and more frequent high BUN/SCr ratio among cane 

cutters, and to a lesser extent among construction workers as compared to subsistence farmers, 

which is an indication of incomplete recovery of adequate hydration status after the previous work day 

among the more heat stress exposed workers. We added this explanation to the section of study 

limitations  

 

ALBUMINURIA  

Page 6, lines 31-38  

A urinalysis dipstick was performed on a spot morning sample, using a Bayer Clinitek 50 Urine 

Chemistry Analyzer with Multistix 10SG reagent strips (Siemens Diagnostics, United States) with 

semi-quantitative measurements of protein (≥30 to<300 mg/dL and ≥300 mg/dL, glucose (positive at 

≥100 mg/dL), specific gravity (USG) (1.000 – 1.030), Ph (5.0-8.5), blood (+ to +++), nitrite (positive), 

leukocyte esterase (+ to +++), bilirubin (+ to +++), ketone (≥5 mg/dl) and urobilinogen (≥2 Ehrlich 

Units  

 

Comment by reviewer:  

a) Why wasn‟t the urinary albumin : creatinine ratio used? The authors have to either justify this, or 

include this as a serious drawback in the study.  

 

The concentration of protein or albumin in a urine sample is influenced by hydration and therefore 

how diluted or concentrated a urine sample is. Therefore the ratio of albumin to creatinine is used 

because creatinine excretion is considered to be fairly constant throughout the day. (Kidney Disease: 

Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 Clinical Practice Guideline for 

the Evaluation and Management of Chronic Kidney Disease. Kidney inter., Suppl. 2013; 3: 1–150).  

 

Authors‟ response: Proteinuria > 30mg/dL was present in the morning samples in 15% of the cane 

cutters vs 5 and 6% among construction workers and subsistence farmers, respectively. While we 

agree that factoring for creatinine may be more accurate for quantifying proteinuria, the degree of 

urinary concentration as reflected by urine specific gravity was not different enough to suggest this 

reflects solely a concentration defect and, if anything, tended to be higher in the construction workers. 

Thus, we believe the inclusion of the measurement adds to the data.  

 

 

b) Recent population based studies have shown the relatively poor reliability of spot samples of urine 

dip-stick in detecting renal disease (Gharbi MB et al., Chronic kidney disease, hypertension, diabetes, 

and obesity in the adult population of Morocco: how to avoid “over”-and “under” diagnosis of CKD. 

Kidney International. 2016; 89: 1363-1371).  

Authors‟ answer: See under point c.  

 

c) Since the paper proposes a hypothesis for a chronic renal disorder, a single urine sample for 

albuminuria is inadequate to indicate chronicity and long-term damage to the kidney. In paragraph 1 

of page 21 the authors imply that these are features of decreased renal function. This sentence 

should be modified. The authors should mention the drawbacks of using single samples of urine as an 

index of renal damage. This point is highlighted in a recent systematic review (Bruck K Et al., 

Methodology used in studies reporting chronic kidney disease prevalence: a systematic literature 

review. Nephrology Dialysis and Transplantation 2015;30:iv6-iv16). The KDIGO paper above also 

makes a similar point (page 59): “Given the high biological variation and other pathological and 

physiological causes of albuminuria, repeat testing to confirm albuminuria, ideally using an EMU and 

laboratory testing, is recommended”.  

 

Alternatively the authors could mention that the albuminuria maybe an indication of acute insult to the 

kidney , and that repeated such insults could lead to CKD.  
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Authors‟ response: We used not only a spot urine sample, but also SCr and eGFR to examine kidney 

(dys)function. We agree that a single determination while omitting the chronicity criteria for a proper 

diagnosis of CKD is a limitation for establishing prevalence of CKD. Being our study population very 

young (<40 years), according to Gharbi et al and de Boer et al, this would have led to a possible 

underdiagnosis of CKD in our population based on eGFR. However, the main purpose of our study is 

to compare hydration and kidney function parameters among three occupational groups and the 

probability of misclassification at a single time point is the same for each of the groups. Therefore, this 

limitation does not affect our conclusion on the group level. We do not believe that albuminuria, 

relatively infrequent, is the underlying manifestation of acute kidney damage leading to CKD in this 

population. We added this issue to the section of study limitations:  

 

 

 

Reviewer: 2  

Reviewer Name: Rebekah Lucas  

Institution and Country: University of Birmingham, United Kingdom  

Please state any competing interests or state „None declared‟: None to declare  

 

Please leave your comments for the authors below  

The authors have carefully addressed each of the concerns raised and I am satisfied with the 

amendments they have made to the manuscript. I have one minor comment regarding the abstract, 

Lines 36-39: It remains unclear which group of worker these results refer to.  

 

Authors‟ response: We modified the sentence to “Significant trends cane>construction>farming were 

also seen….. etc.” 
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Correction

Wesseling C, Aragón A, González M, et al. Heat stress, hydration and uric acid: a cross-
sectional study in workers of three occupations in a hotspot of Mesoamerican
nephropathy in Nicaragua. BMJ Open 2016;6:e011034.
There is a mistake in the layout of Table 2, beginning in Part B. The main catego-

ries should be: (A) Current occupational heat stress, (B) Fluid and fructose intake
and (C) Work and pesticide use history. The correct table layout is shown below:

Sugarcane
(N=86)

Construction
(N=56)

Farming
(N=52) P-value*

A. Current occupational heat stress
Effective work hours per day (work hours

minus breaks), mean±SD

6.5±1.2† 8.1±0.7† 5.3±2.0† <0.001

Very rapid work pace, % 74.4† 53.6 40.4 <0.001

No shade during breaks, % 20.9‡ 1.8‡ 11.5 0.004

Lifting weights >50 lbs., % 18.6† 66.1 65.4 <0.001

Awkward work postures, % 58.1 76.8 69.2 0.063

Incentives to cut more cane, % 82.6 – – –

Hours post-burning at field entrance,

mean±SD 11.7±6.2 – – –

Self-reported weight loss on the current

job (last two months), %

77.9† 39.3 36.5 <0.001

Fainted at work, % 5.8 0 1.9 0.126

Dysuria (‘chistata’), % 43.0 48.2 44.2 0.827

B. Fluid and fructose intake

Fluid intake previous day (workday)
Total fluid (L), mean±SD 6.2±4.1† 4.4±2.1 4.0±2.7 0.003

Water 4.4±3.9† 2.9±2.1 2.8±2.4 0.002

Sugary drinks without electrolyte

hydration solution 1.8±1.8 1.5±0.9 1.2±0.8 0.208

Electrolyte solution (N=31) 1.2±1.1 – – –

Lowest quartile total fluid (≤2.5 L), % 18.6 19.6 40.4† 0.009

Highest quartile total fluid (≥7.0 L), % 40.7† 8.9 13.5 <0.001

Fluid intake on typical non-work day
Total fluid (L), mean±SD 4.2±2.3 3.8±1.7 4.1±2.2 0.503

Water 3.0±2.0 2.2±1.3 2.7±2.0 0.053

Sugary drinks 1.2±1.1 1.6±1.1 1.4±1.9 0.117

Fructose intake previous day (workday)
Total fructose intake (g), mean±SD 103.1±72.1† 80.1±46.1 70.9±36.8 0.008

From food sources 8.4±10.7† 15.9±16.6 17.4±16.7 <0.001

From added sugar 94.7±70.5† 64.2±38.1 53.2±30.7 <0.001

During work hours 58.6±44.7† 28.6±21.4 26.1±16.5 <0.001

Sugary drinks (‘frescos’, sodas,

coffee)

22.5±15.7 28.6±21.4 26.1±16.3 0.108

Sugarcane chewing (N=53) 35.0±18.5 – – –

Electrolyte solution (N=31) 40.3±35.2 – – –

Outside (before and after) work hours 36.1±39.3 35.6±31.4 27.1±25.9 0.350

Highest quartile total fructose intake

(>107 g), %

40.7† 19.6 15.7 0.002

C. Work and pesticide use history

Cumulative time on current job (months),

mean±SD

77±60 68±80 116±67† 0.001

Ever sugarcane work, % 100.0† 3.6 3.8 <0.001

24.4 5.4† 21.2 0.012

Continued
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Sugarcane
(N=86)

Construction
(N=56)

Farming
(N=52) P-value*

Ever plantation (other than

sugarcane), %

Ever work in small-scale agricultural (%) 61.6† 25.0† 100.0† <0.001

Ever construction work, % 5.8 100.0† 11.5 <0.001

Ever any pesticide use, % 46.5† 10.7† 71.2† <0.001

Glyphosate, % 19.8† 0.0 3.8 <0.001

2,4-D, % 23.3† 0.0† 9.6† <0.001

Paraquat, % 9.3 3.6 25.0† 0.002

Chlorpyrifos, % 0.0 0.0 23.1† <0.001

Cypermethrin, % 18.6† 3.6† 42.6† <0.001

Values are mean±SD unless indicated otherwise.
*p Value for differences between groups: ANOVA for normally distributed continuous variables,
Kruskal-Wallis for not normally distributed continuous variables, χ2 test for categorical variables.
†Significantly different from the other two categories in post hoc tests.
‡Significant difference only between sugarcane cutters and construction workers.
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