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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) Evaluation of the associations between changes in intraocular 
pressure and metabolic syndrome parameters: a retrospective 
cohort study in Japan 

AUTHORS Yokomichi, Hiroshi; Kashiwagi, Kenji; Kitamura, Kazuyoshi; 
Yoda, Yoshioki; Tsuji, Masahiro; Mochizuki, Mie; Sato, Miri; 
Shinohara, Ryoji; Mizorogi, Sonoko; Suzuki, Kohta; Yamagata, 
Zentaro 

 

VERSION 1 - REVIEW 

REVIEWER Jou-Wei Lin 
National Taiwan University Hospital Yun-Lin Branch, Dou-Liou, 
Yun-Lin, Taiwan 

REVIEW RETURNED 17-Nov-2015 

 

GENERAL COMMENTS This is a well conducted analysis and well-written manuscript. 
The results are comfirmatory to what we published on Eye 
2009. However, analysis of the longitudinal data is an addition 
to previous results.  

 

REVIEWER Cord Huchzermeyer 
University Eye Hospital Erlangen  
Friedrich-Alexander University Erlangen-Nürnberg  
Germany 

REVIEW RETURNED 21-Nov-2015 

 

GENERAL COMMENTS I would like to congratulate you to your intersting study. 
Especially the longitudinal study with the multivariate mixed 
effects model adds to the knowledge in the filed and my be 
practically relevant.  
The statistical methods seem to be sound. Although I only have 
a basic understanding of mixed-effects models, the use seems 
appropriate in this context. However, I recommend a specialist 
statistical review. It would greatly improve the manuscript if you 
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would discuss the model and its implications in more detail (see 
below). What additional value do the multiple univariate 
analyses add? I think it is necessary to perform correction for 
multiple testing on these analyses and on the muliple correlation 
analyses in the cross-sectional study.  
 
I think you have to be more careful with your conclusions. 
Although the longitudinal design excludes many confounders, it 
does not exclude all (for example, changes in the activation of 
the autonomous system). Your analysis does still not prove a 
causal relationship. Therefore, I think it is also impossible to 
conclude that treatment-induced changes in your variables 
would necessarily have the same effects as the random 
changes you observed. Have any of you participants been 
treated for arterial hypertension or diabetes mellitus?  
 
You should also discuss more clearly that glaucoma is a 
multifactorial disease with independent risk factors aside from 
IOP. The metabolic syndrome parameters that you examine 
have also been implicated as independent risk factors in the 
pathogenesis of glaucoma.  
I recommend your manuscript to be accepted with minor review. 

 

REVIEWER Sheng Luo 
The University of Texas Health Science Center at Houston, 
USA 

REVIEW RETURNED 28-Dec-2015 

 

GENERAL COMMENTS I have the following major comments to the authors. 
1. It was unclear why individuals with funduscopic findings were 
excluded from the study. 
What was the rational? How many individuals were excluded 
here? Did you compare the patient characteristics of these 
patients with the study population? 
2. It was unclear why only the first visit in a single fiscal year 
was included and the subsequent visits were excluded. From 
statistical standpoint, this may introduce bias in unpredictable 
direction and reduced power. 
3. In the longitudinal analysis, how were the changes 
calculated? Were they changes from the first measurements? 
Also, on page 15, it seemed that the patients with missing data 
were excluded from the analysis. The authors should investigate 
the reasons of missing values and do some sensitivity analysis 
to evaluate the effects of excluding these patients. 
4. I was concerned about the longitudinal models and the 
covariates included in the models. It may not be scientifically 
reasonable to test the association between change in IOP and 
changes of other variables. It should be the association of IOP 
exceeding the normal range and the other variables exceeding 
the normal ranges. The argument here is that for the health 
individuals, slight increase/fluctuation of SBP, DBP, or 
triglyceride within normal ranges may not be a risk factor for the 
increase of IOP. In addition, the scientific interest should be the 
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IOP outside the normal range, not the raw IOP value or the raw 
IOP value change. I suspect that the findings may be very 
different in this case. 

 

VERSION 1 – AUTHOR RESPONSE 

Answers to the comments of reviewer #1 

1. This is a well conducted analysis and well-written manuscript. The results are confirmatory to 

what we published on Eye 2009. However, analysis of the longitudinal data is an addition to 

previous results. 

 

We appreciate your positive comments on our manuscript. We would like to add evidence on 

the risk factors of elevated intraocular pressure in Asian populations and quantify the amount of 

one unit of each metabolic syndrome factor in relation to the elevation of intraocular pressure. 

We are grateful that this manuscript confirms your results from Taiwan. 

 

Answers to the comments of reviewer #2 

 

2. I would like to congratulate you to your interesting study. Especially the longitudinal study with 

the multivariate mixed effects model adds to the knowledge in the field and maybe practically 

relevant. The statistical methods seem to be sound. Although I only have a basic understanding 

of mixed-effects models, the use seems appropriate in this context.  

 

Thank you very much for your understanding of the results and the methodologies of our 

manuscript. 

 

3. However, I recommend a specialist statistical review. It would greatly improve the manuscript 
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if you would discuss the model and its implications in more detail (see below). What additional 

value do the multiple univariate analyses add?  

 

We appreciate your comments regarding the statistics in the manuscript and agree that we 

should provide the reasons for applying these models. The co-authors, including the first author, 

doubled up as statisticians and contributed to the methodology of our manuscript. In contrast to 

the Pearson’s correlation coefficients for cross-sectional associations in 2008, we consider that 

the multiple univariate analyses would provide crude average associations between intraocular 

pressure levels and each of the ageing and metabolic syndrome factor levels among 

individuals. Additionally, we would like to distinguish between the influence of the difference in 

age levels on intraocular pressure in the cross-sectional study and the influence of ageing. 

According to your advice, we have added a paragraph discussing statistical analyses to the 

Discussion section. 

 

Page 21, Line 278:  

Interpretation of the models 

The cross-sectional and longitudinal analyses provided different interpretations of the 

association between metabolic syndrome and IOP. The cross-sectional study showed modest to 

moderate relationships at a single time point, independent of the units of metabolic syndrome 

parameters (Table 2). The cross-sectional study also exhibited a dose-response relationship of 

the severity of metabolic syndrome to elevated IOP (Table 3). Crude and confounder-adjusted 

changes in IOP per unit increase in each metabolic syndrome parameter as longitudinal 

associations are presented in Table 4. We believe that this observational study answered the 

study question regarding which metabolic syndrome parameters contribute to changes in IOP 

as well as the magnitude of such changes. 
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4. I think it is necessary to perform correction for multiple testing on these analyses and on the 

multiple correlation analyses in the cross-sectional study. 

 

We appreciate your insightful suggestion about multiple testing. We have corrected the P values 

using Bonferroni’s method. 

 

Page 8, Line 132: To assess the relationship between metabolic syndrome and IOP in the 

cross-sectional study, Pearson’s correlation coefficients with Bonferroni correction for multiple 

comparisons were calculated to determine the association between IOP and waist 

circumference, high-density lipoprotein cholesterol (HDL-C) levels, triglyceride levels, systolic 

blood pressure (SBP), diastolic blood pressure (DBP) and fasting plasma glucose (FPG) levels. 

 

Page 13, Line 216:  

Table 2 Pearson’s correlation coefficients of IOP with age and metabolic syndrome 

parameters in funduscopically healthy adults 

 
Pearson’s correlation coefficient with IOP (95% CI) 

Parameters Men (n = 10 122) P value
†
 Women (n = 9885) P value

†
 

Age −0.10 (−0.12 to −0.08) <0.001 −0.003 (−0.02 to 0.02) 1.00 

Waist circumference +0.09 (0.08 to 0.11) <0.001 +0.09 (0.07 to 0.11) <0.001 

HDL-C +0.03 (0.006 to 0.05) <0.01 +0.0002 (−0.02 to 0.02) 1.00 

Triglyceride +0.08 (0.06 to 0.10) <0.001 +0.07 (0.05 to 0.09) <0.001 

Systolic blood pressure +0.17 (0.16 to 0.19) <0.001 +0.22 (0.20 to 0.24) <0.001 

Diastolic blood pressure +0.17 (0.15 to 0.19) <0.001 +0.19 (0.17 to 0.21) <0.001 

Fasting plasma glucose +0.12 (0.10 to 0.14) <0.001 +0.15 (0.14 to 0.17) <0.001 
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†
P values for multiple comparisons were corrected by Bonferroni’s method. 

5. I think you have to be more careful with your conclusions. Although the longitudinal design 

excludes many confounders, it does not exclude all (for example, changes in the activation of 

the autonomous system). Your analysis does still not prove a causal relationship. Therefore, I 

think it is also impossible to conclude that treatment-induced changes in your variables would 

necessarily have the same effects as the random changes you observed. Have any of your 

participants been treated for arterial hypertension or diabetes mellitus? 

 

We appreciate and agree with your comments for correcting sentences that refer to a causal 

relationship between exposures and outcome in a regression model without intervention. Since 

the diagnostic criteria of metabolic syndrome includes those who are treated for hypertension, 

diabetes and hyperlipidaemia, we believe that the observed association regarding the 

worsening of metabolic syndrome parameters and elevation of IOP should be interpreted in 

those who are untreated and treated with the lifestyle-related diseases. We modified the 

sentences referring to causal mechanisms as follows: 

 

Page 3, Line 29: The present study aimed to determine which metabolic syndrome parameters 

contribute to elevating IOP and to what extent. 

 

Page 4, Line 52: Elevation of IOP was related to longitudinal worsening of serum triglyceride 

levels, blood pressure and FPG and improvement in serum HDL-C levels. 

 

Page 5, Line 66: Interventional research on effect of lifestyle modifications on intraocular 

pressure among ophthalmologic patients is warranted. 
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Page 7, Line 99: However, the analyses have not yet solved the above-mentioned controversy 

regarding confounding problems of the correlated explanatory parameters. In addition, they 

have also not quantified the level of IOP increase associated with a deterioration in the 

metabolic syndrome parameters. 

 

Page 26, Line 388: The longitudinal studies revealed that deterioration of waist circumference, 

blood pressure and FPG accompany the elevation of IOP. The results also suggest that an 

increase in HDL-C levels accompanies an elevation of IOP and therefore, the results should be 

carefully interpreted, and further physiological investigations regarding serum lipids and IOP are 

necessary. 

 

6. You should also discuss more clearly that glaucoma is a multifactorial disease with 

independent risk factors aside from IOP. The metabolic syndrome parameters that you examine 

have also been implicated as independent risk factors in the pathogenesis of glaucoma. 

I recommend your manuscript to be accepted with minor review. 

 

Thank you very much for your suggestion to improve our manuscript. We would like to clearly 

describe that the cause of glaucoma is multifactorial and that metabolic parameters are 

suggested to affect the risk of glaucoma aside from high IOP. 

 

Page 23, Line 332: With respect to the high prevalence of elevated IOP that has been observed 

among diabetic patients,[36, 48] diabetes-related autonomic dysfunction, genetic factors and 

corneal stiffening may partly explain elevated IOP.[51] The mechanisms of ageing, which is a 

risk factor for elevated IOP in Westerners but not in Asians, may be explained by the high 

prevalence of obesity, hypertension and diabetes in aged Westerners.[52, 53] 
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Page 24, Line 344: Whereas age,[16] African Americans,[55, 56] family history,[57] 

hypertension,[9] diabetes[58] and elevated IOP[59] are known risk factors for open-angle 

glaucoma, the previous and present studies have suggested that age is a protective factor in 

Asians, and hypertension[9, 10] and high plasma glucose[36, 48] are risk factors for elevated 

IOP. 

 

Answers to the comments of reviewer #3 

 

7. It was unclear why individuals with funduscopic findings were excluded from the study. What 

was the rationale? How many individuals were excluded here? Did you compare the patient 

characteristics of these patients with the study population? 

 

We appreciate your helpful suggestions and agree that this rationale should be clarified. In this 

study, we excluded the individuals with funduscopic findings because they are much more likely 

to be treated and have their IOP largely decreased within the study duration. In addition, the 

data did not include information regarding ophthalmological treatment. We considered that if the 

study would include individuals who were treated, the investigated association between lifestyle-

related parameters and IOP would be influenced by their decreased intraocular pressure with 

treatment. We have added the rationale to the Methods section. 

  

Page 7, Line 111: To exclude the effect of ocular hypotensive therapy that would largely 

decrease IOP and affect the investigated associations, individuals with funduscopic findings 

during this period were excluded from 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-2015-010360 on 24 M

arch 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


9 
 

 

8. It was unclear why only the first visit in a single fiscal year was included and the subsequent 

visits were excluded. From statistical standpoint, this may introduce bias in unpredictable 

direction and reduced power. 

 

Thank you very much for the insightful suggestion from a statistical standpoint and we agree 

that this issue should be clarified. Because Japanese people usually think to receive private 

comprehensive health check-up services once a year at maximum and to pay the costly 

charges, we let the data have a single measurement per fiscal year. To assess the influence of 

this data selection on the results, we conducted a sensitivity analysis that allows for multiple 

measurements in a single fiscal year. 

 

Page 10, Line 169:  

Sensitivity analyses 

To confirm the longitudinal results, we performed two sensitivity analyses: (1) The first sensitivity 

analysis was conducted using the data in which metabolic syndrome parameters and IOP could 

be measured one or more times in a single fiscal year. As a result, participants had 3–20 visits 

between April 1999 and March 2009. (2) The second sensitivity analysis was conducted using 

the data for which the age of participants was restricted to 19–44 years. This was done because 

the data suggested that participants aged less than 45 years were more likely to be lost for 

follow-up, and the main longitudinal results were deduced primarily from middle-aged 

participants. 

 

Page 18, Line 253:  
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Sensitivity analyses 

Table 5 shows the results of the two sensitivity analyses: (1) which allowed multiple 

measurements in a single fiscal year among the same 15 747 participants and (2) in which 

participant ages were restricted to 19–44 years (n = 5261). In the first sensitivity analysis, the 

estimated coefficients for the longitudinal association between changes in metabolic syndrome 

parameters and IOP were almost similar to those of the original multivariate analysis. The 

second sensitivity analysis also suggested little differences in the estimated coefficients 

between the data of the younger adults and those of the total study participants. 
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Page 19, Line 262: 

Table 5 Multivariate analyses for the associations of changes in intraocular pressure with ageing and changes in metabolic syndrome 

parameters: (1) residents underwent health check-ups 3–20 times during 10 years. (2) Residents aged 19–44 underwent health check-ups 

once per year during 10 years.  

Explanatory variable 

Sensitivity analysis (1), n = 15 747   Sensitivity analysis (2), n = 5261 

Coefficient 95% CI P value   Coefficient 95% CI P value 

Sex, men −0.12 −0.16 to 0.08 <0.0001 
 

−0.092 −0.16 to −0.02 0.01 

Ageing, +10 years −0.59 −0.64 to −0.55 <0.0001 
 

−0.74 −0.83 to −0.64 <0.0001 

HDL-C, +1 mmol/L +0.42 0.35 to 0.49 <0.0001 
 

+0.44 0.30 to 0.57 <0.0001 

(HDL-C, +10 mg/dL) +0.11 0.09 to 0.13 <0.0001 
 

+0.11 0.08 to 0.15 <0.0001 

Triglyceride, +1 mmol/L +0.091 0.073 to 0.11 <0.0001 
 

+0.096 0.065 to 0.13 <0.0001 

(Triglyceride, +10 mgl/dL) +0.010 0.008 to 0.012 <0.0001 
 

+0.011 0.007 to 0.014 <0.0001 

SBP, +10 mm Hg +0.091 0.079 to 0.10 <0.0001 
 

+0.083 0.054 to 0.11 <0.0001 

DBP, +10 mm Hg +0.085 0.067 to 0.10 <0.0001 
 

+0.073 0.036 to 0.11 <0.0001 

FPG, +1 mmol/L +0.091 0.070 to 0.11 <0.0001 
 

+0.15 0.10 to 0.20 <0.0001 

(FPG, +10 mg/dL) +0.050 0.039 to 0.062 <0.0001   +0.085 0.058 to 0.11 <0.0001 

CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting 

plasma glucose 
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9. In the longitudinal analysis, how were the changes calculated? Were they changes from the first 

measurements? Also, on page 15, it seemed that the patients with missing data were excluded from 

the analysis. The authors should investigate the reasons of missing values and do some sensitivity 

analysis to evaluate the effects of excluding these patients. 

 

We are grateful for your suggestion regarding the description of the missing data. The changes 

observed in the parameters in the longitudinal study were differences from the first visit. A multivariate 

analysis was conducted for the parameter data in which the participants received health check-up 

services 3 to 10 times. We confirm that the studied individuals had the same numbers of measured 

parameters as those of their visits during the 10 years. We would like to modify the description as 

follows: 

 

Page 15, Line 237: The longitudinal study included the data of changes in measured parameters in 15 

747 participants. 

 

10. I was concerned about the longitudinal models and the covariates included in the models. It may 

not be scientifically reasonable to test the association between change in IOP and changes of other 

variables. It should be the association of IOP exceeding the normal range and the other variables 

exceeding the normal ranges. The argument here is that for the health individuals, slight 

increase/fluctuation of SBP, DBP, or triglyceride within normal ranges may not be a risk factor for the 

increase of IOP. In addition, the scientific interest should be the IOP outside the normal range, not the 

raw IOP value or the raw IOP value change. I suspect that the findings may be very different in this 

case. 

 

We appreciate your suggestion for the scientific interest regarding metabolic syndrome and the 

parameters of IOP outside the normal range. The analysis in this study included individuals who have 

IOP and metabolic syndrome parameters within or outside the normal range. Previous studies 

suggest that a reduction in IOP within the normal range among patients with open-angle glaucoma 

would decrease the risk of visual loss and that the change in IOP levels might be related to the 

changes in parameters of lifestyle-related diseases in Western and other Asian countries. We would 

like to add evidence of the associations between small changes in metabolic syndrome parameters 

and IOP. In addition, we would also like to modify the Introduction section to highlight the purpose of 

this study. Accordingly, we have added a cited reference to support the description in the Introduction. 

 

Page 6, Line 73: Because literature indicates that in patients with glaucoma, lower IOP within the 

normal range (10–21 mm Hg) decreases the risk of visual field deterioration in comparison with higher 

IOP within the normal range,[3-6] evidence of IOP reduction is necessary. 
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VERSION 2 – REVIEW 

REVIEWER Jou-Wei Lin 
Cardiovascular Center  
National Taiwan University Hospital Yun-Lin Branch  
579 Yun-Lin Road, Section 2  
Dou-Liou City, Yun-Lin County  
Taiwan 

REVIEW RETURNED 22-Feb-2016 

 

GENERAL COMMENTS Line 288: "The longitudinal data over 10 years revealed that ageing 
decreased IOP and that worsening of triglyceride levels, SBP, DBP 
and FPG levels elevated IOP."  
 
This sentence in the first paragraph in Discussion implies a causal 
relationship and the statement is still too strong. I would suggest 
using "was associated with" instead of "decreased and elevated."  
 
Otherwise, the comments have been taken and the revision has 
been well done. I have no other comments.  

 

REVIEWER Cord Huchzermeyer 
University Eye Hospital Erlangen  
Germany 

REVIEW RETURNED 04-Mar-2016 

 

GENERAL COMMENTS Thank you for submitting an improved version of the manuscript.  

 

REVIEWER Sheng Luo 
The University of Texas Health Science Center at Houston 

REVIEW RETURNED 27-Feb-2016 

 

GENERAL COMMENTS The authors have addressed my previous comments.   
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