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ABSTRACT
Objective To investigate the association between serum 
uric acid (SUA) level and body mass index (BMI) on the 
development of chronic kidney disease (CKD) in working 
men aged 20–60 years.
Design Retrospective cohort study.
Setting Data from employees’ annual health check- ups 
were collected from two companies in 2009 and 2014.
Participants A total of 16 708 working men were 
recruited. We excluded participants with missing essential 
data (N=7801), who had basal estimated glomerular 
filtration rate (eGFR) <60.0 mL/min/1.73 m2 and/or 
proteinuria (N=698) or with the absence of follow- up data 
(N=2).
Primary outcome eGFR <60 mL/min/1.73 m2 and/or 
proteinuria (≥1+) in 2014 (defined as incident CKD).
Results The cut- off values of SUA for incident CKD were 
6.6 mg/dL in both young (20–39 years old) and middle- 
aged (40–60 years old) men analysed by receiver operator 
characteristics. ORs for incident CKD were assessed 
on propensity score- matched (1:1) cohorts. In young 
participants (N=1938), after propensity score matching, a 
coexistence of high- level SUA (≥6.6 mg/dL) and overweight 
(BMI ≥25 kg/m2) was a significant risk factor of incident 
CKD (OR=2.18, 95% CI 1.10 to 4.31, p=0.025), but high- 
level SUA was not an independent risk factor without 
overweight status (p=0.174). In middle- aged participants 
(N=2944) after propensity score matching, high- level 
SUA was a significant risk factor of incident CKD both 
with or without overweight (OR=1.44, 95% CI 1.02 to 
2.04, p=0.037; OR=1.32, 95% CI 1.01 to 1.73, p=0.041, 
respectively).
Conclusion These findings suggest that high- level SUA is 
strongly associated with incident CKD in overweight young 
adult men.

INTRODUCTION
High levels of serum uric acid (SUA) or over-
weight/obesity are well- known risk factors 
for incident chronic kidney disease (CKD). 
Uric acid (UA) is the final oxidation product 
of purine metabolism, accompanying the 

production of reactive oxygen species by 
xanthine oxidoreductase. Several factors 
(dietary intake of purine, sugars and fructose 
as well as kidney dysfunction and genetics) 
cause overproduction or under excretion 
of UA, leading to an abnormally high level 
of SUA.1 However, allopurinol, a hypoxan-
thine analogue, slows down the progres-
sion of kidney disease.2 Recent studies have 
indicated that hyperuricaemia may directly 
contribute to the development or progression 
of kidney disease, cardiovascular disease and 
hypertension.3–5 In a 9- year follow- up study 
with more than 13 000 healthy participants, 
every 1 mg/dL increase in basal SUA level 
was strongly associated with a 7% increased 
risk for incident CKD.6 Furthermore, from a 
meta- analysis involving 190 000 participants 
with basal normal kidney function, the risk 
for incident CKD was found to be two- fold in 
the presence of hyperuricaemia.7

Obesity is also associated with the progres-
sion of CKD.8–11 Furthermore, our group 
showed that abdominal adiposity was a risk 
for incident CKD in young adult men.12 Both 
obesity and abdominal obesity increase with 

Strengths and limitations of this study

 ► This is the first study to investigate the role of high 
serum uric acid level as a risk factor for the develop-
ment of chronic kidney disease according to age and 
overweight status for apparently healthy workers.

 ► Participants were propensity score matched (1:1) to 
eliminate covariants owing to it being a retrospec-
tive cohort.

 ► The main limitation was that since this study was 
based on an observational design, we could not rule 
out residual confounding by several factors, which 
were not collected in our participants.
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age; but abdominal obesity was found to be more strongly 
affected by ageing.13 14 Thus, we investigated whether 
there could be a different influence on kidney function 
according to age and metabolic profiles. Patients with 
metabolic syndrome have hypertension, elevated low- 
density lipoprotein cholesterol and triglyceride levels, 
insulin resistance and urinary albuminuria, which affect 
incident CKD. Additionally, the Chronic Kidney Disease 
Japan Cohort (CKD- JAC) study in Japan showed that 
urine albumin and body mass index (BMI) are signifi-
cantly associated with a 50% decline of estimated glomer-
ular filtration rate (eGFR) in patients with CKD, but not 
SUA.15

Previous reports have indicated the evidence of hyper-
uricaemia for kidney disease in middle- aged to older indi-
viduals. However, it is unclear whether overweight and/
or high level of SUA are associated with incident CKD 
in young populations. This study aimed to test the rela-
tionship between incident CKD and the combination of 
high levels of SUA and BMI, during a 5- year observation 
period in otherwise healthy men.

METHODS
Study participants
This retrospective cohort study analysed annual health 
check- up data of workers obtained in 2009 and 2014 in 
Japanese industrial enterprises. Male workers aged 20–60 
years at baseline (in 2009) with annual health check- up 

data (N=16 708) were recruited (figure 1). Workers with 
missing essential data (N=7801), basal eGFR <60 mL/
min per 1.73 m2 and proteinuria (≥1+, with dipstick test) 
(N=698), and with the absence of 5- year follow- up data 
(N=2) were excluded.

In this study, we divided the participants into two age 
groups as follows: a young group, which was composed 
of participants aged <40 years, and a middle- aged group, 
which was composed of participants aged 40–60 years. 
Furthermore, they were divided into two groups according 
to BMI (<25.0 kg/m2 or ≥25.0 kg/m2) in each age group.

Patient and public involvement
No patient involved.

Annual health check-up
In Japan, a law enacted by the Ministry of Health, Labour 
and Welfare requires all companies to provide employees 
an annual health check- up. For this study, we measured 
blood pressure (BP), height and body weight. BMI (kg/
m2) was calculated as body weight (kg) divided by body 
height squared (m2). Overweight/obesity is defined 
when BMI exceeds 25.0 kg/m2, according to the WHO 
classification. Blood and urine tests were performed 
by a private laboratory company. eGFR was calculated 
using the following equation: eGFR (mL/min per 
1.73 m2)=194×serum creatinine-1.094×age-0.287.16 This three- 
variable Japanese equation for eGFR has been assessed 
with isotope dilution mass spectrometry (IDMS)–modifi-
cation of diet in renal disease (MDRD) study equation. 
Thus, this three- variable Japanese equation is more accu-
rate for the Japanese population than other equations 
including the IDMS–MDRD study equation. Incident CKD 
was defined as an eGFR <60 mL/min per 1.73 m2 and/or 
the development of proteinuria in 2014. The presence 
of urine protein was tested using dipstick, and protein-
uria was defined as urine protein 1+ or more. Alcohol 
consumption was defined as the habit of drinking alcohol 
for 6 or 7 days a week. The information on medication 
for hypertension or diabetes mellitus was collected from a 
self- interview sheet. The medication for diabetes mellitus 
included the usage of insulin.

Statistical analysis
The receiver operating characteristic (ROC) analysis 
was used to determine the appropriate cut- off value of 
SUA for incident CKD. A student t test or χ2 test was 
performed to compare the two groups using Stata V.12SE 
(Stata, College Station, Texas). In the analysis of risk for 
incident CKD, we accounted for the non- equivalence of 
this cohort via propensity score matching with logistic 
regression (SAS V.9.2, SAS InstituteNorth Carolina) as 
previously reported.17 The propensity score represented 
the predicted probability that a given participant would 
have high- level SUA (≥6.6 mg/dL), and participants who 
had high- level SUA at baseline were matched to control 
participants (SUA <6.6 mg/dL at baseline) with a greedy 
algorithm. The propensity score model included the 

Figure 1 Flowchart of study participants. Essential data 
are the estimated glomerular filtration rate (eGFR, ml/min 
per 1.73 m2), body mass index, high- density lipoprotein 
cholesterol, triglycerides, uric acid, haemoglobin A1c, 
systolic/diastolic blood pressure, urinalysis and interview 
sheet. Follow- up data are essential data 5 years after 
baseline. CKD, chronic kidney disease; eGFR, estimated 
glomerular filtration rate; Uprot, proteinuria with dipstick 
testing; ROC, receiver operating characteristic.
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interaction of age, basal eGFR, BMI, high- density lipopro-
tein cholesterol, triglycerides, haemoglobin A1c, systolic 
BP, a habit of smoking and habit of drinking alcohol.

Although this cohort was large (N=16 708), we 
conducted 1:1 matching to avoid the possible bias of plural 
number- to- one matching. Propensity score matching was 
performed in six classifications, each as follows: (1) age 
under 40 years, (2) age under 40 years and BMI <25.0 kg/
m2, (3) age under 40 years and BMI ≥25.0 kg/m2, (4) age 
40–60 years, (5) age 40–60 years and BMI <25.0 kg/m2, 
(6) age 40–60 years and BMI ≥25.0 kg/m2. This process 
matched (1) 969, (2) 644, (3) 312, (4) 1472, (5) 950 and 
(6) 495 participants (89.1%, 98.9%, 71.4%, 95.0%, 96.5% 
and 87.5% of high- level SUA participants, respectively) to 
the same number of control participants (SUA <6.6 mg/
dL) each (tables 1 and 2). The Kolmogorov–Smirnov test 
was performed to assess the normal distribution of the 
parameters, and all clinical parameters showed normal 
distribution. A covariate balance between matched 
high- level SUA participants and control participants 
was assessed using a two- tailed Student’s t test, a χ2 test 
or a Fisher’s exact test to confirm no statistical differ-
ence between the two groups and standardised mean 
differences (figure 2 and online supplemental figures 1 
and 2). OR and 95% CI for the prevalence of CKD were 
determined using logistic regression. A p value<0.05 was 
considered statistically significant.

RESULTS
Cut-off value of SUA
To determine the appropriate cut- off value of SUA, ROC 
curve analysis was performed for incident CKD 5 years 
later (figure 3). During the 5- year follow- up, 148 (4.2%) 
participants aged <40 years and 580 (12.3%) participants 
aged 40–60 years developed incident CKD. In the young 
group, the cut- off SUA value was 6.6 mg/dL when the 
Youden index was at maximum, that is, 0.0992 (sensitivity 
of 0.4054 and specificity of 0.6938). Furthermore, in the 
middle- aged group, the appropriate cut- off SUA value 
was 6.6 mg/dL (Youden index 0.1314, sensitivity of 0.4448 
and specificity of 0.6866). Thus, we performed the subse-
quent analyses using the SUA cut- off value of 6.6 mg/dL.

Participant characteristics
All participants were divided into two groups according to 
age first (under 40 years of age, online supplemental table 
1; or aged 40–60 years, online supplemental table 2), then 
sorted according to BMI (<25.0 kg/m2 or ≥25.0 kg/m2), 
and their basal characteristics were compared. Significant 
differences were found in age, basal eGFR, high- density 
lipoprotein cholesterol level, triglyceride level, haemo-
globin A1c level and systolic BP among the two groups 
in six classification each. Because this was a retrospective 
observational cohort study, there were several biases in 
participants’ backgrounds. Thus, we adjusted for covari-
ants by using propensity score matching (1:1) to remove 

biases. As shown in tables 1 and 2, there were no signifi-
cant differences in each parameter.

Overweight with high-level SUA was a risk factor for incident 
CKD under 40 years
We analysed the risk of high- level SUA for incident CKD 
in participants classified by age and BMI (figure 4). In 
the young group, high- level SUA was not a risk factor for 
incident CKD (OR: 1.05, 95% CI 0.69 to 1.59, p=0.83). 
However, high- level SUA became a risk for incident CKD 
if young participants were overweight (OR: 2.18, 95% CI 
1.10 to 4.31, p=0.025). In addition, high- level SUA was not 
a risk factor for incident CKD in non- overweight young 
participants (OR: 0.69, 95% CI 0.40 to 1.18, p=0.17). 
Furthermore, there was a significant interaction between 
overweight and high- level SUA (p for interaction=0.009).

High-level SUA was a risk factor for incident CKD regardless 
of overweight status in middle-aged participants
Furthermore, we analysed the risk for incident CKD in 
the middle- aged group (figure 4). In the middle- aged 
group, high- level SUA was a risk factor for incident CKD 
(OR: 1.32, 95% CI 1.07 to 1.63, p=0.009). Participants 
with high- level SUA had a significant association with 
developing CKD even if they were not overweight (OR: 
1.32, 95% CI 1.01 to 1.73, p=0.041). Furthermore, when 
participants in this group were overweight, the risk for 
incident CKD was the same as those who were not over-
weight (OR: 1.44, 95% CI 1.02 to 2.04, p=0.037).

DISCUSSION
This retrospective study used health check- up data 
based on over 8000 men in Japan, and its findings may 
contribute to the prevention of incident CKD in appar-
ently healthy and young populations. This study primarily 
found that high- level SUA was significantly associated 
with the risk of incident CKD in men aged <40 years who 
were overweight/obese. In addition, we found that high- 
level SUA was significantly associated with the risk of inci-
dent CKD in middle- aged men regardless of overweight/
obese status.

High- level SUA, also known as hyperuricaemia, is 
common in patients with CKD. A previous study conducted 
on the US general population showed a CKD prevalence 
of 21.2% in men (SUA >7.0 mg/dL) and 21.6% in women 
(SUA >5.7 mg/dL).18 An appropriate cut- off value of SUA 
for predicting incident CKD has been unclear. Thus, we 
performed ROC analysis for incident CKD first and found 
that 6.6 mg/dL of SUA level was a desirable value in both 
young- aged and middle- aged participants figure 3. In a 
retrospective study on Japanese patients with CKD, an 
SUA level over 6.0 mg/dL was significantly associated with 
progression to end- stage kidney disease,19 although hyper-
uricaemia for men is generally defined as SUA >7.0 mg/
dL. Furthermore, a 1 mg/dL increase in SUA level was 
significantly associated with incident CKD.6 We expect 

https://dx.doi.org/10.1136/bmjopen-2021-049540
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that our presented cut- off value for SUA may become an 
indicator for incident CKD.

Interestingly, from young (about 25 years old) to 
middle- aged (60 years old) adults in an Irish cohort, the 
prevalence of hyperuricaemia increased slowly; however, 
after age 60 years, the prevalence of hyperuricaemia 
rose sharply.20 In our cohort, the prevalences of hyper-
uricaemia in young (<40 years) or middle- aged (40–60 
years) participants were 31.0% and 53.0%, respectively. 
Among participants in the non- overweight with hyper-
uricaemia group, no significant difference in basal SUA 
level was found between the young group (7.3±0.7 mg/
dL) and middle- aged group (7.3±0.6 mg/dL) (p=0.94, 
online supplemental figure 3). However, in middle- aged 
men, regardless of overweight/obese status, high- level 
SUA was found to be a significant risk factor for incident 
CKD when the OR was calculated after removing covari-
ants (figure 4). Thus, high- level SUA may strongly affect 
eGFR decline in individuals aged ≥40 years independent 
of overweight/obesity.

Overweight and abdominal adiposity are strongly 
associated with eGFR decline and proteinuria.12 21–24 
Furthermore, BMI is associated with a higher risk for 
cardiovascular disease (relative risk, 1.41) and mortality 
from heart failure (relative risk, 1.26) based on results 
from a systematic review and meta- analysis.25 Regarding 
biochemical mechanisms, subcutaneous adipose tissue 
and visceral adipose tissue play a role in the production of 
inflammation and oxidative stress markers such as inter-
leukin- 6 and C reactive protein.26

We found that high- level SUA was not associated with 
incident CKD in young (<40 years) participants when 
participants were not overweight/obese (figure 4). 
BMI correlates with body fat in most individuals, 
but BMI does not distinguish body fat from muscle. 
In participants (mean age; 45 years) with normal 
metabolic status (without hypertension and diabetes 
mellitus), BMI was not a significant risk factor for inci-
dent CKD.27 On the contrary, from National Health 
and Nutrition Examination Survey data, abdominal 

Figure 2 Standardized mean differences of covariances after propensity score matching. A) Participants aged <40 years 
at baseline (N=3,505) and B) participants aged ≥40 years at baseline (N=4,702). The propensity score model includes 
the interaction of age, basal eGFR, body mass index (BMI), high- density lipoprotein cholesterol (HDL), triglycerides (TG), 
haemoglobin A1c (HbA1c), systolic BP (sBP), a habit of smoking, a habit of drinking alcohol, usage of anti- hypertension 
medicine (medHT), and the usage of anti- diabetes mellitus medicine including insulin (medDM). Standardised mean differences 
of matched participants are shown in tables 1 and 2 and online supplemental tables 1 and 2.

Figure 3 Receiver operating characteristic (ROC) curve analysis for incident CKD according to the level of serum uric acid A) 
Participants aged <40 years at baseline (N=3,505) and B) participants aged ≥40 years at baseline (N=4,702). ROC curves are 
calculated using the rate of incident CKD (eGFR<60 and/or development of proteinuria) 5 years later and the level of serum uric 
acid at baseline. CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.

https://dx.doi.org/10.1136/bmjopen-2021-049540
https://dx.doi.org/10.1136/bmjopen-2021-049540
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obesity is associated with albuminuria in young adults 
despite being metabolically healthy.28 Thus, BMI 
alone may not be a suitable risk factor of incident 
CKD in healthy individuals.

In our cohort, in the young group with overweight/
obese status, high- level SUA was associated with a 
higher risk for incident CKD (figure 4), but we did 
not analyse parameters for abdominal obesity at this 
time. A study reported that the prevalence of abdom-
inal adiposity was higher in middle- aged men than 
in young men.29 In middle- aged participants with 
BMI <25.0 kg/m2, high abdominal adiposity might 
affect kidney function decline. Therefore, greater 
abdominal adiposity increased the risk for incident 
CKD in middle- aged participants accompanied by 
high- level SUA when compared with young partici-
pants. Thus, high- level SUA was associated with inci-
dent CKD regardless of BMI level in middle- aged 
participants.

This study has several limitations. First, this study did 
not include data from women, because the number of 
female employees was relatively low (N=770) compared 
with that of male employees in the companies from which 
this data were gathered. Second, the effect of proteinuria 
might not be correctly evaluated, because urine samples 
collected were not always first- voided urine in the morning 
and were taken just one time each year. Third, we were 
not able to collect information on comorbidity and medi-
cation except the usage of antihypertension medication 
and antidiabetes mellitus medication including insulin 
from the self- interview sheet. Thus, the influence of other 
covariances such as comorbidity and medication was not 
completely removed. Finally, we used the single data of 
eGFR and proteinuria in 2014 to define CKD, although 
the Kidney Disease Improving Global Outcome guideline 

shows that CKD is diagnosed using various tests. However, 
our participants (workers) undertook an annual health 
check- up according to the law enacted by the Ministry of 
Health, Labour and Welfare in Japan. Thus, we could not 
request them to undergo health check- ups several times a 
year because they were not patients.

CONCLUSIONS
We found that high- level SUA (≥6.6 mg/dL) was a signif-
icant risk factor for incident CKD in men aged <40 years 
with an overweight/obese status (BMI ≥25.0 kg/m2). In 
addition, high- level SUA was associated with incident 
CKD in middle- aged men regardless of whether they 
were overweight/obese. Thus, avoiding the combination 
of overweight and hyperuricaemia in young men, and 
hyperuricaemia in middle- aged men, may prevent CKD 
development.
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