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ABSTRACT
Background  Obesity is a growing public health problem 
worldwide. We evaluated the mediators and association 
between changes in obesity metrics and renal outcomes in 
the general population.
Methods  Using the Japanese nationwide health check-
based cohort from April 2011 to March 2019, we selected 
individuals aged 40–74 years, with a baseline estimated 
glomerular filtration rate (eGFR) ≥45 mL/min/1.73 m2, 
whose body mass index (BMI) change was assessed. The 
primary outcome was combined 30% decline in eGFR, 
eGFR <15 mL/min/1.73 m2 and end-stage renal disease.
Results  During 245 147 person-years’ follow-up among 
50 604 participants (mean eGFR, 83.7 mL/min/1.73 m2; 
mean BMI, 24.1 kg/m2), 645 demonstrated eGFR decline 
(incidence rate 2.6/1000 person-years, 95% CI: 2.4 to 2.8). 
We observed continued initial changes in BMI for over 6 
years and a U-shaped association between BMI change 
and eGFR decline. Compared with 0% change in BMI, 
adjusted HRs for changes of −10%, −4%, 4% and 10% 
were 1.53 (95% CI: 1.15 to 2.04), 1.14 (95% CI: 1.01 to 
1.30), 1.16 (95% CI: 1.02 to 1.32) and 1.87 (95% CI: 1.25 
to 2.80), respectively. The percentage of excess risk of 
BMI increase (>4%) mediated by three risk factors (blood 
pressure, haemoglobin A1c and total cholesterol), was 
13.3%.
Conclusion  In the middle-aged Japanese population, 
both, increase and decrease in BMI were associated 
with subsequent eGFR decline. Changes in risk factors 
mediated a small proportion of the association between 
BMI increase and eGFR decline. Our findings support the 
clinical significance of monitoring BMI as a renal risk 
factor.

INTRODUCTION
Obesity rates are increasing worldwide,1 2 
and obesity itself has become a clinically and 
socially important issue. Obesity is known 
as a risk factor for the progression of non-
communicable diseases (NCDs) such 
as cardiovascular disease, hypertension, 
diabetes, cancer and chronic kidney disease 
(CKD).3–5 WHO recommends the use of 
body mass index (BMI) for the assessment 

of obesity-related health risks.6–9 In 2008, the 
Japanese government introduced an annual 
health check programme to assess biometric 
and laboratory data, including BMI, in all 
adults aged 40 years or older.10 To reduce 
premature death and disability caused by 
NCDs, prevention of CKD progression is one 
of the most frequently introduced strategies in 
public health policy globally. This is because 
patients with severe stage CKD are at high risk 
of cardiovascular disease and progression to 
end-stage renal disease, which often requires 
costly renal replacement therapy.

Clinical guidelines recommend monitoring 
obesity markers to reduce the obesity-related 
health risks of CKD in the general popula-
tion.11 12 Previous studies have reported that 
high BMI was a renal risk factor in high-risk 
populations such as hypertensive, diabetic or 
patients with CKD.9 13–17 The value of obesity 
markers both, at specific timepoints and in 
respect to their changes across time, is of 
interest when determining their effect on 

Strengths and limitations of this study

►► Because Japan conducts annual health screenings 
on a national scale, this study was able to assess 
changes in obesity and subsequent renal outcomes 
longitudinally in this large-scale health check-up co-
hort among middle-aged participants.

►► We were able to examine the associations of initial 
changes in body mass index (BMI) with subsequent 
renal outcomes over 6 years’ follow-up.

►► This study assessed how the change in obesity-
related renal risk factors mediated the associations 
between BMI change and renal outcomes.

►► We were unable to examine the mechanisms in de-
tail, and unmeasured factors may confound the as-
sociation between BMI change and renal outcomes.

►► Because this study only included Japanese partici-
pants with relatively low BMI, careful generalisability 
of the results is necessary.
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health outcomes. However, there is little evidence on the 
associations between changes in obesity metrics and renal 
outcomes and their mediators.

The aim of this study was to examine the association 
between a change in BMI and the subsequent estimated 
glomerular filtration rate (eGFR) decline in a middle-
aged population; it also aimed to assess the mediators of 
obesity-related risk factors.

METHODS
Setting and participants
We extracted data from a nationwide health check data-
base in Japan. The database contained annual health 
check data from the fiscal year (FY) 2011 to FY 2018 (April 
2011 to March 2019) from nationwide employment-based 
health insurers in Japan—the Health Insurance Associa-
tion for Architecture and Civil Engineering Companies. 
It is mandatory for employees to undergo this annual 
health check in Japan.

From this 8-year database, we developed the cohort. 
The first 2 years (FY 2011 and 2012) were used as the 
baseline period to define exposure variables and covari-
ates, and the last 6 years (FY 2013–2018) were used as the 
follow-up period to define outcomes.

The analysis included participants aged 40–74 years. 
eGFR was estimated using the Japanese coefficient-
modified CKD Epidemiology Collaboration equation, 
which has been validated for the Japanese population.18 19 
We excluded participants with progressed kidney disease 
(baseline eGFR<45 mL/min) and leanness (baseline BMI 
<18.5 kg/m2). We finally analysed 50 604 participants. 
The study participants’ selection process is summarised 
in figure 1.

Exposures of BMI change
We defined changes in BMI using the first 2 years’ health 
check data as our exposure variables. To assess the 
non-linear associations between exposure variable and 
outcome, we treated the exposure variable on a contin-
uous scale using the restricted cubic spline function with 
five knots. BMI was calculated as weight (kg) divided by 
height (m) squared. According to the results of cubic 
spline function, we also defined BMI change categories 
as decreased (<−4%), stable (−4% to 4%) and increased 
(>4%).

eGFR decline
Our main outcome was eGFR decline during the 6-year 
follow-up period, which was a composite outcome 
including 30% eGFR decline, eGFR less than 15 mL/
min/1.73 m2 and end-stage renal disease, whichever 
occurred first. We followed the participants until inci-
dence of eGFR decline or March 2019. The condition 
of the composite outcome that came first was defined as 
the endpoint. We used a 30% decline in eGFR as one of 
the criteria for eGFR decline because it is validated as an 
alternative endpoint for CKD progression.20

Adjusting factors
Basic characteristics (age and sex), current smoking (‘Do 
you smoke now?’), eGFR, urine proteinuria by dipstick 
test (−, ±, +, 2+ or greater), haemoglobin A1c (HbA1c) 
level, systolic blood pressure (SBP), total cholesterol level 
and drug use (antidiabetic drugs, antihypertensive drugs 
and antihyperlipidaemic drugs) were measured. We used 
these measures from the results in FY 2011 as adjusting 
factors.

Statistical analysis
Baseline characteristics were described using means and 
SDs for continuous variables and counts and proportions 
for categorical variables (table 1).

We estimated adjusted HRs for eGFR decline, using 
a Cox regression model. Only 0.2% (n=122) and 0.6% 
(n=318) of participants had missing values for urine 
protein and HbA1c, respectively. Therefore, we included 
99.1% (n=50 162) of all participants in the main model 
(complete case analysis). To examine non-linear asso-
ciations between BMI change and eGFR decline, we 
used restricted cubic spline models with BMI change 
on a continuous scale. After running restricted cubic 
spline models, we estimated the adjusted HRs and corre-
sponding 95% CIs at each value of change in BMI (each 
2% from −10% to 10%) (figure 2). We also defined BMI 
change categories as decrease (<−4%), stable (−4% to 
4%) and increase (>4%). We estimated adjusted HRs of 
BMI increase and percentage of excess risk medicated 
(PERM)21 22 by obesity-related renal risk factors (change 
in SBP, HbA1c, total cholesterol and their combinations) 
(table 2). PERM was calculated as follows:

	﻿‍PERM = HR
(

confounders adjusted
)
−HR

(
confounders and mediators added

)
HR

(
confounders adjusted

)
−1

× 100‍�Figure 1  Study participants’ selection process.
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To see longitudinal BMI change, we described BMI 
change over the 6-year follow-up time (FY 2013–2018) 
according to the initial BMI change categories (figure 3). 
To compare longitudinal BMI change from 2013 to 2018 
between groups of the initial BMI change, we used gener-
alised estimating equations with robust variance.

To assess changes in risk factors by BMI change cate-
gories, we compared the change in SBP, diastolic blood 
pressure (DBP), HbA1c and total cholesterol (online 
supplemental table 1). P values for differences between 
categories were estimated from analysis of variance.

All analyses were performed using Stata V.5.1 
(StataCorp, College Station, Texas, USA). All tests were 
two sided; P values<0.05 were considered statistically 
significant.

Additional analyses
First, to assess the effect of baseline BMI on the associations 
between BMI change and eGFR decline, we conducted 
subgroup analyses according to baseline BMI values (<25 
and ≥25 kg/m2). Second, we conducted subgroup anal-
ysis (baseline eGFR 45–59 and ≥60 mL/min) to assess 
the effect of baseline eGFR on associations between BMI 
change and eGFR decline. Third, to assess the robust-
ness of our results to the presence of drug utilisation at 
baseline, we conducted a mediation analysis among drug-
naive participants. Fourth, to assess the robustness of 
our mediation analyses to for the cut-off values of BMI, 
we conducted additional analyses using different cut-off 
values of BMI change (2% and 6%) (online supplemental 

table 2). Fifth, to assess the robustness of our results to the 
presence of drugs utilisation at baseline, we conducted a 
mediation analysis among drug-naive participants (online 
supplemental table 3). Finally, to assess the generalisability 
of our results, we described differences in characteristics 
between our study population, excluded participants with 
missing eGFR measurements and the general Japanese 
population (online supplemental tables 4 and 5). For this 
purpose, we extracted data from the online portal for the 
official statistics of Japan (http://www.​e-​stat.​go.​jp/).

Patient and public involvement
This research was performed without patient involve-
ment. Patients were not invited to comment on the study 
design and were not consulted while developing patient-
relevant outcomes or interpreting the results. Patients 
were not invited to contribute to the writing or editing of 
this document for readability or accuracy.

RESULTS
Participants’ characteristics and renal outcomes
We analysed data from 50 604 participants aged 40–74 
years. The mean participant age was 50.1 years, 80.3% of 
participants were male, and the mean eGFR was 83.7 mL/
min/1.73 m2 at baseline. Regarding BMI change, 4719 
(9.3%) of participants had a decreased BMI (<−4%), and 
4662 (9.2%) had an increased BMI (>4%). During the 
follow-up of 245 147 person-years, we found 645 cases of 

Table 1  Participant characteristics by change in BMI

Variables
Total
(N=50 604)

Change in BMI

Decreased
<−4%
(n=4719)

Stable
−4% to 4%
(n=41 223)

Increased
>4%
(n=4662)

Age, mean (SD), years 50.1 (7.4) 49.3 (7.2) 50.3 (7.4) 48.5 (7.1)

Male, n (%) 40 639 (80.3) 3855 (81.7) 33 042 (80.2) 3742 (80.3)

eGFR, mean (SD), mL/min/1.73 m2 83.7 (8.6) 84.3 (8.5) 83.5 (8.5) 84.9 (8.6)

Urinary protein, n (%)

 � − 44 709 (88.6) 4133 (87.8) 36 591 (89.0) 3985 (85.7)

 � ± 3551 (7.0) 349 (7.4) 2787 (6.8) 415 (8.9)

 � + 1593 (3.2) 158 (3.4) 1256 (3.1) 179 (3.8)

 � ++ or greater 629 (1.3) 69 (1.5) 487 (1.2) 73 (1.5)

BMI, mean (SD), kg/m2 24.1 (3.3) 25.0 (3.6) 24.0 (3.3) 23.6 (3.3)

SBP, mean (SD), mm Hg 126.0 (15.9) 127.7 (16.1) 125.9 (15.9) 124.5 (16.0)

DBP, mean (SD), mm Hg 77.0 (11.8) 78.2 (11.4) 77.0 (11.9) 76.2 (11.3)

Haemoglobin A1c, mean (SD), % 5.6 (0.7) 5.7 (0.9) 5.6 (0.7) 5.6 (0.9)

Total cholesterol, mean (SD), mg/dL 215.8 (43.3) 219.5 (46.3) 215.9 (43.6) 211.5 (36.6)

Current smoking, n (%) 15 639 (30.9) 1487 (31.5) 12 544 (30.4) 1608 (34.5)

Antihypertensive drug, n (%) 7535 (14.9) 650 (13.8) 6281 (15.2) 604 (13.0)

Antidiabetic drug, n (%) 2072 (4.1) 235 (5.0) 1667 (4.0) 170 (3.6)

Antihyperlipidaemic drug, n (%) 4071 (8.0) 351 (7.4) 3389 (8.2) 331 (7.1)

BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure.
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eGFR decline. The incidence rate of eGFR decline was 
2.6 per 1000 person-years (95% CI: 2.4 to 2.8).

Age was higher, and eGFR was lower in the ‘Stable’ BMI 
group, compared with the other groups. Baseline BMI, 
blood pressure and total cholesterol were higher in the 
‘Decreased’ BMI group compared with the other groups. 
Participants in the ‘Increased’ BMI group were more 
likely to be smokers.

The study population was slightly healthier (younger 
age, lower use of medications and lower blood pressure) 
compared with the age-standardised general Japanese 
population (online supplemental table 5).

BMI change and eGFR decline
We found a U-shaped association between BMI change 
and eGFR decline (figure 2). Compared with 0% change 
in BMI, adjusted HRs for changes of −10%, −4%, 4% and 
10% were 1.53 (95% CI: 1.15 to 2.04), 1.14 (95% CI: 1.01 
to 1.30), 1.16 (95% CI: 1.02 to 1.32) and 1.87 (95% CI: 
1.25 to 2.80), respectively.

Mediators for the associations between BMI increase and 
eGFR decline
The associations between BMI increase and eGFR decline 
attenuated after adjusting for mediators. Blood pressure, 

HbA1c and total cholesterol mediated 9.7%, 1.9% and 
0.2% of excess risk, respectively. The percentage of excess 
risk mediated by three obesity-related renal risk factors 
(blood pressure, HbA1c and cholesterol) was 13.3% 
(table 2).

Longitudinal BMI change according to initial change in BMI
We described longitudinal percent change in BMI 
according to initial changes in BMI (figure 3). We found 
continued BMI decrease in the ‘Decreased’ group (−3.9% 
(95% CI: −4.1 to −3.8)), and continued BMI increase 
in the ‘Increased’ group (5.0% (95% CI: 4.8 to 5.1)), 
compared with the ‘Stable’ group.

Change in risk factors by BMI change
We found an increase in SBP, DBP and total cholesterol 
in the ‘Increased’ BMI group, and decrease in SBP, DBP, 
HbA1c and total cholesterol in the ‘Decreased’ BMI 
group, compared with the ‘Stable’ BMI group (online 
supplemental table 1).

Additional analyses
Similar U-shaped associations between BMI change and 
outcome were found in both non-overweight and over-
weight participants (online supplemental figure 1). 
Among participants with eGFR ≥60 mL/min (n=49 865), 
we found similar associations to those of our original 
analysis. However, we did not find significant associations 

Figure 2  BMI change and eGFR decline. We estimated 
adjusted HRs for eGFR decline according to changes in 
BMI. We used a cubic spline Cox regression model with BMI 
changes on a continuous scale. We adjusted for potential 
confounders including age, sex, current smoking, estimated 
GFR, urinary protein, HbA1c levels, total cholesterol 
levels, systolic blood pressure, antihypertensive drug use, 
antidiabetic drug use and antihyperlipidaemic drug use. The 
eGFR decline was a composite outcome including 30% 
eGFR decline, eGFR less than 15 mL/min/1.73 m2 and end-
stage renal disease, whichever occurred first. BMI, body 
mass index; eGFR, estimated glomerular filtration rate.

Table 2  HRs of BMI increase and PERM by obesity-related 
renal risk factors

Models: added variables of 
change in risk factors HR (95% CI) PERM

Original model 1.41 (1.10 to 1.82) –

Model 1: blood pressure 1.37 (1.07 to 1.77) 9.7%

Model 2: Haemoglobin A1c 1.41 (1.09 to 1.81) 1.9%

Model 3: total cholesterol 1.41 (1.10 to 1.81) 0.2%

Model 4: blood pressure and 
HbA1c

1.36 (1.06 to 1.76) 11.9%

Model 5: blood pressure and 
total cholesterol

1.37 (1.07 to 1.76) 10.0%

Model 6: HbA1c and total 
cholesterol

1.40 (1.09 to 1.80) 3.2%

Model 7: blood pressure, HbA1c 
and total cholesterol

1.36 (1.06 to 1.75) 13.3%

We estimated HRs of BMI increase (>4%) for eGFR decline, 
compared with stable BMI (−4% to 4%), in models (Model 
1 to Model 7) with different adjustment variables of change 
in obesity-related risk factors. All HRs were adjusted for 
age, sex, current smoking, estimated GFR, urine protein, 
Haemoglobin A1c levels, total cholesterol levels, systolic blood 
pressure, antihypertensive drug use, antidiabetic drug use, and 
antihyperlipidaemic drug use. PERM were estimated as follows:

	
‍
PERM =

HR
(
confounders adjusted

)
−HR

(
confounders and mediators added

)
HR

(
confounders adjusted

)
−1

× 100
‍	

BMI, body mass index; PERM, percentage of excess risk 
medicated.
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with wide confidence intervals among participants with 
eGFR 45–59 mL/min. Owing to the small sample size 
(n=739) of participants with eGFR 45–59 mL/min, we 
were not able to discuss the differences between those 
subgroups (online supplemental figure 2). A small 
percentage of excess risk mediated by obesity-related risk 
factors was consistent in drug-naive participants (online 
supplemental table 3). The results of mediation anal-
yses were not qualitatively unaffected by different cut-off 
values of BMI (online supplemental table 2). Participants 
characteristics were similar between participants with and 
without eGFR measurements (online supplemental table 
4). The study participants tended to be predominantly 
male, use fewer drug users and have lower blood pressure 
compared with the general Japanese population.

DISCUSSION
In this large health check-based cohort study of a general 
middle-aged population, we found that both increase 
and decrease in BMI were associated with a higher inci-
dence of GFR decline after adjusting for basic charac-
teristics, metabolic risk factors, baseline kidney function 
and medication use. The initial change in BMI continued 
across 6 years of follow-up. Only a small portion of the 

association between BMI increase and GFR decline was 
mediated by obesity-related risk factors. These results indi-
cate the importance of monitoring and maintaining BMI 
for renal protection in the general population. There-
fore, as a public health programme, it may be possible to 
curtail the deterioration of kidney function by identifying 
the population at high risk of poor renal outcomes based 
on changes in BMI.

Previous studies have focused on obesity status at 
specific timepoints (absolute values),13 14 23 but not on 
changes in obesity status.24 In addition to confirming 
renal risks with higher baseline BMI values, we identi-
fied renal risks with BMI gain and BMI loss. We found an 
association between stable BMI and lower incidence of 
GFR decline. We added evidence on the clinical signifi-
cance of monitoring changes in BMI for the prevention 
of kidney function deterioration in the general popula-
tion. Since Japan conducts annual health screenings on 
a national scale, this study was able to assess changes in 
obesity and subsequent renal outcomes longitudinally. 
Relatively short-period changes in obesity status may 
reflect recent lifestyle shifts, and those changes in obesity 
status would persist for a longer period. Monitoring these 
changes would be helpful for lifestyle guidance in renal 
protection.

The association between BMI increase and GFR 
decline may be partially explained by deterioration in 
other obesity-related renal risk factors of blood pres-
sure, blood glucose and blood lipid. In the ‘Increased’ 
BMI group, we found an increase of 2.6 mm Hg, 1.7 mm 
Hg, 0.05 % and 8.6 mg/dL in the SBP, DBP, HbA1c and 
total cholesterol, respectively. However, only a small 
portion of the associations between BMI increase and 
GFR decline was mediated by changes in those obesity-
related renal risk factors. Some studies have reported 
that adiposity may increase the burden on the kidney, 
such as an excessive glomerular filtration, activation of 
the renin–angiotensin–aldosterone system, oxidative 
stress and microinflammation.16 25 26 Nevertheless, our 
health check-based data did not include precise data 
on these factors; we were, therefore, unable to examine 
these mechanisms in detail. Concurrently, the associ-
ation between BMI decrease and GFR decline has not 
been well examined. BMI decrease can lead to worsening 
renal function through the induction of inflammatory 
conditions, dehydration and decreased cardiac function, 
among other conditions.23 27–29 While maintaining BMI 
is indicative of a good lifestyle, a change in BMI (both, 
increase and decrease) may indicate a bad lifestyle. An 
increasing BMI may be caused by a high-calorie diet30 31 
and less exercise,32 which places a burden on the kidneys. 
A decreasing BMI may be caused by strict protein restric-
tion33 or signs of deteriorating health conditions (eg, 
undiagnosed comorbidities).34 In addition, the U-shaped 
associations between BMI change and eGFR decline were 
qualitatively similar between the non-overweight and 
overweight groups (online supplemental figure 1). These 
results suggest that the clinical significance of the change 

Figure 3  Longitudinal BMI change according to initial 
change in BMI. We described longitudinal BMI change 
according to initial changes in BMI. The initial change in BMI 
was defined as ‘Decreased (<−4% change between 2011 and 
2012)’, ‘Stable (−4% to 4% change between 2011 and 2012)’ 
and ‘Increased (>4% change between 2011 and 2012)’. We 
estimated differences in BMI from 2013 to 2018 between the 
initial change groups using generalised estimating equations 
with robust variance. We found continued lower BMI in 
the ‘Decreased’ group (−3.9% (95% CI: −4.1 to −3.8)) and 
continued higher BMI in the ‘Increased’ group (5.0% (95% 
CI: 4.8 to 5.1)) compared with that in the ‘Stable’ group. BMI, 
body mass index; eGFR, estimated glomerular filtration rate.
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in BMI is independent of the baseline BMI level. We were 
not aiming to verify the causal effect of BMI decrease in 
this study. It is considered that unmeasured confounding 
factors in this study may affect the association between 
BMI change and GFR decline. Future studies need 
to consider the mechanisms that may underlie these 
outcomes.

Although this was a large-scale study based on annual 
health check-up data for obesity and renal outcomes 
of the general population of middle-aged adults, some 
limitations should be considered. First, our observational 
study analysed annual health-check data, which did not 
include some renal risk factors, such as nephrotoxic 
drug use, haemodynamic change and other laboratory 
markers. Second, eGFR is an estimate, but not a direct 
measure of GFR. For instance, eGFR may be overesti-
mated in lean participants, while the reverse is true in 
muscular participants.35–37 In view of these limitations, 
the use of eGFR is realistic in this large-scale study and 
is in line with previous studies. Third, proteinuria was 
measured by dipstick testing only once at baseline. Quan-
titative and multiple measurements of proteinuria could 
not be examined in this study. Fourth, there were no 
validated cut-off values for BMI change. Therefore, we 
used restricted cubic spine models to consider non-linear 
associations without specific cut-off values of BMI change. 
The cut-off value of 4% of BMI change in mediation anal-
ysis was defined by the distribution of BMI change (the 
values of 10% and 90% fractional point). These cut-offs 
were found to be reasonable choices in terms of their 
significant associations with a decline in eGFR (figure 2). 
In addition, the results of mediation analyses were robust 
for different cut-off values of BMI (online supplemental 
table 3). Fifth, given that our study focused on screened 
participants covered by Japanese employment-based 
health insurance, many of them were working-age men. 
Therefore, our findings may not be generalisable to 
the general population. Sixth, we excluded participants 
who did not undergo measurement of eGFR data. In the 
health screening programme, eGFR measurement is an 
option added to the health check-up programme on a 
per-company basis. Therefore, whether the measure was 
taken or not did not depend on the choice of the indi-
vidual participants. As expected, the participants’ char-
acteristics were similar between those who did and did 
not undergo measurement (online supplemental table 
4). Therefore, the effect of selection bias caused by the 
presence or absence of eGFR measurement was assumed 
to be small. we excluded participants without measure-
ment of eGFR data. In the health screening programme, 
eGFR measurement is an option that is added to the 
health check-up programme on a per-company basis. 
Therefore, the choice by individual participants did not 
affect whether or not the measure is taken. As expected, 
the participants characteristics were similar between 
measurers and non-measurers (online supplemental table 
4). Therefore, the effect of selection bias caused by the 
presence or absence of eGFR measurement is assumed to 

be small. We also found that the study participants were 
slightly healthier compared with the age-standardised 
general Japanese population. Furthermore, the mean 
BMI in this Japanese population is 24.1 kg/m2, which is 
relatively low compared with other countries such as the 
USA.38 Future research is needed to analyse populations 
with more obese participants. Finally, this study included 
only Japanese participants. A previous study reported 
racial differences in associations between obesity and 
renal risk factors.17 As health risks due to obesity are 
increasing globally, future studies need to confirm the 
associations found in the present study in populations 
of other countries. Considering these research design 
limitations, careful interpretation of the current results 
and their generalisability is necessary.

In conclusion, this study found that both an increase 
and a decrease in BMI were associated with a higher inci-
dence of GFR decline in a middle-aged Japanese popu-
lation. The initial change of BMI continued over 6 years. 
Only a small portion of the associations between BMI 
increase and GFR decline may be explained by changes 
in blood pressure, blood glucose and blood lipids. These 
results suggest that changes in BMI can be considered 
renal risk factors, and that monitoring these indicators 
may help physicians and public health nurses identify 
individuals at risk of poor renal outcomes among middle-
aged adults in the general population.

Acknowledgements  We would like to thank the Health Insurance Association for 
Architecture and Civil Engineering Companies (Kunio Mizuta and Akio Yoda) for their 
support in developing the database. We would like to thank Editage (https://www.​
editage.​com/) for English language editing.

Contributors  SF conceived the study and acquired data permissions. SF and TI 
designed the study. TI managed the data and established the cohort. All authors 
reviewed the literature. SF performed the data analyses. All authors participated in 
the discussion and interpretation of the results. SF organised the writing and wrote 
the initial drafts. All authors critically revised the manuscript for intellectual content 
and approved the final version. SF, the corresponding author, attests that all listed 
authors meet authorship criteria and that no others meeting the criteria have been 
omitted.

Funding  This study was funded by the Japan Society for the Promotion of Science 
(JSPS) KAKENHI (Grant Number 16K19251).

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  No additional data are available.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iDs
Shingo Fukuma http://​orcid.​org/​0000-​0002-​8379-​8761
Jennifer Bragg-Gresham http://​orcid.​org/​0000-​0002-​9069-​9489
Yukari Yamada http://​orcid.​org/​0000-​0002-​5336-​3468

 on O
ctober 5, 2020 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-037247 on 6 S

eptem
ber 2020. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2020-037247
https://dx.doi.org/10.1136/bmjopen-2020-037247
https://dx.doi.org/10.1136/bmjopen-2020-037247
https://dx.doi.org/10.1136/bmjopen-2020-037247
https://dx.doi.org/10.1136/bmjopen-2020-037247
https://dx.doi.org/10.1136/bmjopen-2020-037247
https://www.editage.com/
https://www.editage.com/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8379-8761
http://orcid.org/0000-0002-9069-9489
http://orcid.org/0000-0002-5336-3468
http://bmjopen.bmj.com/


7Fukuma S, et al. BMJ Open 2020;10:e037247. doi:10.1136/bmjopen-2020-037247

Open access

REFERENCES
	 1	 Singh GM, Danaei G, Farzadfar F, et al. The age-specific quantitative 

effects of metabolic risk factors on cardiovascular diseases and 
diabetes: a pooled analysis. PLoS One 2013;8:e65174.

	 2	 Williams EP, Mesidor M, Winters K, et al. Overweight and obesity: 
prevalence, consequences, and causes of a growing public health 
problem. Curr Obes Rep 2015;4:363–70.

	 3	 Berrington de Gonzalez A, Hartge P, Cerhan JR, et al. Body-Mass 
index and mortality among 1.46 million white adults. N Engl J Med 
2010;363:2211–9.

	 4	 Zheng W, McLerran DF, Rolland B, et al. Association between body-
mass index and risk of death in more than 1 million Asians. N Engl J 
Med 2011;364:719–29.

	 5	 Ni Mhurchu C, Rodgers A, Pan WH, et al. Body mass index and 
cardiovascular disease in the Asia-Pacific region: an overview 
of 33 cohorts involving 310 000 participants. Int J Epidemiol 
2004;33:751–8.

	 6	 Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not 
body mass index explains obesity-related health risk. Am J Clin Nutr 
2004;79:379–84.

	 7	 Janssen I, Katzmarzyk PT, Ross R. Body mass index, waist 
circumference, and health risk: evidence in support of current 
National Institutes of health guidelines. Arch Intern Med 
2002;162:2074–9.

	 8	 World Health Organization. Waist circumference and waist–hip 
ratio: report of a who expert consultation Geneva: World Health 
organization, 2011. Available: https://​apps.​who.​int/​iris/​handle/​10665/​
44583 [Accessed 21 Feb 2018].

	 9	 de Boer IH, Sibley SD, Kestenbaum B, et al. Central obesity, 
incident microalbuminuria, and change in creatinine clearance in the 
epidemiology of diabetes interventions and complications study. J 
Am Soc Nephrol 2007;18:235–43.

	10	 Japanese Ministry of Health Labour and Welfare. Specific health 
checkups and specific health guidance. annual health, labour and 
welfare report 2008-2009, 2010.

	11	 Japanese Society of Nephrology. Evidence-based clinical practice 
guideline for CKD 2013. Clin Exp Nephrol 2014;18:346–423.

	12	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD 
Work Group. KDIGO clinical practice guideline for the evaluation 
and management of chronic kidney disease. Kidney Int Suppl 
2013;3:1–150.

	13	 Kramer H, Luke A, Bidani A, et al. Obesity and prevalent and incident 
CKD: the hypertension detection and follow-up program. Am J 
Kidney Dis 2005;46:587–94.

	14	 Hsu C-yuan, McCulloch CE, Iribarren C, et al. Body mass index and 
risk for end-stage renal disease. Ann Intern Med 2006;144:21–8.

	15	 Ferris M, Hogan SL, Chin H, et al. Obesity, albuminuria, and 
urinalysis findings in US young adults from the add health wave III 
study. Clin J Am Soc Nephrol 2007;2:1207–14.

	16	 Stefansson VTN, Schei J, Jenssen TG, et al. Central obesity 
associates with renal hyperfiltration in the non-diabetic general 
population: a cross-sectional study. BMC Nephrol 2016;17:172.

	17	 Sarathy H, Henriquez G, Abramowitz MK, et al. Abdominal obesity, 
race and chronic kidney disease in young adults: results from 
NHANES 1999-2010. PLoS One 2016;11:e0153588.

	18	 Horio M, Imai E, Yasuda Y, et al. Modification of the CKD 
epidemiology collaboration (CKD-EPI) equation for Japanese: 
accuracy and use for population estimates. Am J Kidney Dis 
2010;56:32–8.

	19	 Matsushita K, Mahmoodi BK, Woodward M, et al. Comparison 
of risk prediction using the CKD-EPI equation and the MDRD 

study equation for estimated glomerular filtration rate. JAMA 
2012;307:1941–51.

	20	 Coresh J, Turin TC, Matsushita K, et al. Decline in estimated 
glomerular filtration rate and subsequent risk of end-stage renal 
disease and mortality. JAMA 2014;311:2518–31.

	21	 Lin DY, Fleming TR, De Gruttola V. Estimating the proportion 
of treatment effect explained by a surrogate marker. Stat Med 
1997;16:1515–27.

	22	 Global Burden of Metabolic Risk Factors for Chronic Diseases 
Collaboration (BMI Mediated Effects), Lu Y, Hajifathalian K, et al. 
Metabolic mediators of the effects of body-mass index, overweight, 
and obesity on coronary heart disease and stroke: a pooled analysis 
of 97 prospective cohorts with 1·8 million participants. Lancet 
2014;383:970–83.

	23	 Reynolds K, Gu D, Muntner P, et al. Body mass index and risk of 
ESRD in China. Am J Kidney Dis 2007;50:754–64.

	24	 Chen C, Ye Y, Zhang Y, et al. Weight change across adulthood in 
relation to all cause and cause specific mortality: prospective cohort 
study. BMJ 2019;367:l5584.

	25	 de Jong PE, Verhave JC, Pinto-Sietsma SJ, et al. Obesity and 
target organ damage: the kidney. Int J Obes Relat Metab Disord 
2002;26:S21–4.

	26	 Wickman C, Kramer H. Obesity and kidney disease: potential 
mechanisms. Semin Nephrol 2013;33:14–22.

	27	 Cheung WW, Paik KH, Mak RH. Inflammation and cachexia in 
chronic kidney disease. Pediatr Nephrol 2010;25:711–24.

	28	 Mak RH, Cheung W. Cachexia in chronic kidney disease: role 
of inflammation and neuropeptide signaling. Curr Opin Nephrol 
Hypertens 2007;16:27–31.

	29	 Ramirez SPB, McClellan W, Port FK, et al. Risk factors for proteinuria 
in a large, multiracial, Southeast Asian population. J Am Soc Nephrol 
2002;13:1907–17.

	30	 Palmer SC, Maggo JK, Campbell KL, et al. Dietary interventions for 
adults with chronic kidney disease. Cochrane Database Syst Rev 
2017;4:CD011998.

	31	 Yoon C-Y, Park JT, Jhee JH, et al. High dietary phosphorus density 
is a risk factor for incident chronic kidney disease development in 
diabetic subjects: a community-based prospective cohort study. Am 
J Clin Nutr 2017;106:311–21.

	32	 Zhang L, Wang Y, Xiong L, et al. Exercise therapy improves eGFR, 
and reduces blood pressure and BMI in non-dialysis CKD patients: 
evidence from a meta-analysis. BMC Nephrol 2019;20:398.

	33	 Hahn D, Hodson EM, Fouque D. Low protein diets for non-diabetic 
adults with chronic kidney disease. Cochrane Database Syst Rev 
2018;10:CD001892.

	34	 Fraser SDS, Roderick PJ, May CR, et al. The burden of comorbidity 
in people with chronic kidney disease stage 3: a cohort study. BMC 
Nephrol 2015;16:193.

	35	 Matsushita K, Tonelli M, Lloyd A, et al. Clinical risk implications of the 
CKD epidemiology collaboration (CKD-EPI) equation compared with 
the modification of diet in renal disease (MDRD) study equation for 
estimated GFR. Am J Kidney Dis 2012;60:241–9.

	36	 Horio M, Imai E, Yasuda Y, et al. Performance of GFR equations in 
Japanese subjects. Clin Exp Nephrol 2013;17:352–8.

	37	 Kilbride HS, Stevens PE, Eaglestone G, et al. Accuracy of the MDRD 
(modification of diet in renal disease) study and CKD-EPI (CKD 
epidemiology collaboration) equations for estimation of GFR in the 
elderly. Am J Kidney Dis 2013;61:57–66.

	38	 NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-
mass index in 200 countries from 1975 to 2014: a pooled analysis 
of 1698 population-based measurement studies with 19·2 million 
participants. Lancet 2016;387:1377–96.

 on O
ctober 5, 2020 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-037247 on 6 S

eptem
ber 2020. D

ow
nloaded from

 

http://dx.doi.org/10.1371/journal.pone.0065174
http://dx.doi.org/10.1007/s13679-015-0169-4
http://dx.doi.org/10.1056/NEJMoa1000367
http://dx.doi.org/10.1056/NEJMoa1010679
http://dx.doi.org/10.1056/NEJMoa1010679
http://dx.doi.org/10.1093/ije/dyh163
http://dx.doi.org/10.1093/ajcn/79.3.379
http://dx.doi.org/10.1001/archinte.162.18.2074
https://apps.who.int/iris/handle/10665/44583
https://apps.who.int/iris/handle/10665/44583
http://dx.doi.org/10.1681/ASN.2006040394
http://dx.doi.org/10.1681/ASN.2006040394
http://dx.doi.org/10.1007/s10157-014-0949-2
http://dx.doi.org/10.1053/j.ajkd.2005.06.007
http://dx.doi.org/10.1053/j.ajkd.2005.06.007
http://dx.doi.org/10.7326/0003-4819-144-1-200601030-00006
http://dx.doi.org/10.2215/CJN.00540107
http://dx.doi.org/10.1186/s12882-016-0386-4
http://dx.doi.org/10.1371/journal.pone.0153588
http://dx.doi.org/10.1053/j.ajkd.2010.02.344
http://dx.doi.org/10.1001/jama.2012.3954
http://dx.doi.org/10.1001/jama.2014.6634
http://dx.doi.org/10.1002/(SICI)1097-0258(19970715)16:13<1515::AID-SIM572>3.0.CO;2-1
http://dx.doi.org/10.1016/S0140-6736(13)61836-X
http://dx.doi.org/10.1053/j.ajkd.2007.08.011
http://dx.doi.org/10.1136/bmj.l5584
http://dx.doi.org/10.1038/sj.ijo.0802213
http://dx.doi.org/10.1016/j.semnephrol.2012.12.006
http://dx.doi.org/10.1007/s00467-009-1427-z
http://dx.doi.org/10.1097/MNH.0b013e3280117ce7
http://dx.doi.org/10.1097/MNH.0b013e3280117ce7
http://dx.doi.org/10.1097/01.ASN.0000018406.20282.C8
http://dx.doi.org/10.1002/14651858.CD011998.pub2
http://dx.doi.org/10.3945/ajcn.116.151654
http://dx.doi.org/10.3945/ajcn.116.151654
http://dx.doi.org/10.1186/s12882-019-1586-5
http://dx.doi.org/10.1002/14651858.CD001892.pub4
http://dx.doi.org/10.1186/s12882-015-0189-z
http://dx.doi.org/10.1186/s12882-015-0189-z
http://dx.doi.org/10.1053/j.ajkd.2012.03.016
http://dx.doi.org/10.1007/s10157-012-0704-5
http://dx.doi.org/10.1053/j.ajkd.2012.06.016
http://dx.doi.org/10.1016/S0140-6736(16)30054-X
http://bmjopen.bmj.com/

	Body mass index change and estimated glomerular filtration rate decline in a middle-­aged population: health check-­based cohort in Japan
	Abstract
	Introduction﻿﻿
	Methods
	Setting and participants
	Exposures of BMI change
	eGFR decline
	Adjusting factors
	Statistical analysis
	Additional analyses
	Patient and public involvement

	Results
	Participants’ characteristics and renal outcomes
	BMI change and eGFR decline
	Mediators for the associations between BMI increase and eGFR decline
	Longitudinal BMI change according to initial change in BMI
	Change in risk factors by BMI change
	Additional analyses

	Discussion
	References


