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metabolic syndrome on CKD differs between men and
women [12, 13, 19]. We used the Chi-squared test, Stu-
dent’s ¢ test, and the Mann—Whitney U test to assess dif-
ferences among the characteristics of the study participants
in relation to weight gain. We conducted multivariate
analyses using logistic regression models. The data were
initially adjusted for age alone, and then for multiple
covariates. In the multivariate models, we included the
following covariates that might confound the relationship
between weight and CKD: age, current smoking, regular
exercise, alcohol intake, a history of kidney disease, and
current hypertension, diabetes, and hypercholesterolemia.
Because hypertension, diabetes, and hypercholesterolemia
are likely to be intermediate factors on the pathway
between weight gain and CKD, we did not adjust for these
variables in the primary analyses, but we added them
sequentially to multivariate models in the secondary anal-
yses. We also performed analyses stratified by presence or
absence of metabolic syndrome, abdominal obesity, and
obesity or non-obesity. We compared the sensitivity and
specificity of weight gain, BMI, and waist circumference

for identifying CKD. We calculated 95% confidence
intervals (CI) using Wilson’s method [20]. A p value of
<0.05 was considered to indicate statistical significance
and all tests were two-tailed. All statistical analyses were
performed with the SPSS for Windows statistical package
(Version 18.0; SPSS, Chicago, IL, USA).

Results

A total of 189,709 residents and workers of the target
districts aged between 40 and 59 years participated in the
SHC. Among them, complete data were available for
28,151 women (27.1%) and 21,111 men (24.6% of par-
ticipants in this age range). There were no differences
between the included and excluded subjects with regard to
characteristics such as age, BMI, and waist circumference.
Among the 28,151 women and 21,111 men, 8,494 women
(30.2%) and 10,485 men (49.7%) answered that their
weight had increased by at least 10 kg since 20 years of
age.

Table 1 Clinical characteristics

of 28,151 women stratified by Variabls Wreigut pain p valus
weight gain after 20 years of <10 kg >10 kg
age (n = 19,657) (n = 8,494)
Age [years; mean (SD)] 51.9 (5.9) 52.4 (5.7) <0.0001
BMI [kg/m?; mean (SD)] 209 (2.5) 25.9 (3.6) <0.0001
Waist circumference [cm; mean (SD)] 76.5 (7.8) 88.7 (9.1) <0.0001
Current smoker (%) 13.2 13.3 0.73
Regular exercise, yes (%) 26.8 25.0 0.002
Alcohol intake (%)
Every day 14.1 10.8 <0.0001
Sometimes 26.7 24.2
Never 59.3 65.0
History of stroke (%) 1.0 1.6 <0.0001
History of cardiac disease (%) 1.8 2.9 <0.0001
History of kidney disease (%) 0.4 0.5 0.24
Systolic blood pressure [mmHg; mean (SD)] 118.1 (16.8) 125.7 (17.5) <0.0001
Diastolic blood pressure [mmHg; mean (SD)] 71.9 (11.0) 76.6 (11.2) <0.0001
Antihypertensive medication, yes (%) 9.2 20.9 <0.0001
Fasting blood glucose [mg/dl; mean (SD)] 90.3 (15.3) 97.2 (21.3) <0.0001
Hemoglobin A, [%; mean (SD)] 5.1 (0.5) 5.3 (0.7) <0.0001
Antidiabetic medication, yes (%) 1.3 3.5 <0.0001
Low-density lipoprotein cholesterol [mg/dl; mean (SD)] 122.8 (31.7) 134.5 (32.4) <0.0001
o Medication for hypercholesterolemia, yes (%) 6.8 12.3 <0.0001
frfe:;z‘;‘riz;g f::g‘:“"“’ IOR Triglycerides [mg/dl; median (IQR)] 77 (57,107) 108 (77, 155)  <0.0001
= Dyefitied s fhe presende of High-density lipoprotein cholesterol [mg/dl; mean (SD)] 71.4 (16.5) 61.5 (14.4) <0.0001
>1+ proteinuria on urinalysis Creatinine [mg/dl; mean (SD)] 0.61 (0.15) 0.61 (0.13) 0.66
b Defined as an estimated eGFR [ml/min/1.73 m?; mean (SD)] 82.4 (16.2) 82.5 (16.8) 0.71
glomerular filtration rate Proteinuria® (%) 29 5.6 <0.0001
<60 ml/min per 1.73 m* oras  chronic kidney disease® (%) 8.3 11.8 <0.0001
proteinuria on urinalysis
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Table 2 Clinical characteristics

of 21,110 men stratified by Variable Weight gain p value
weight gain after 20 years of <10 kg >10 kg
age (n = 10,625) (n = 10,485)
Age [years; mean (SD)] 50.9 (6.0) 51.3 (5.8) 0.31
BMI [kg/m?%; mean (SD)] 22.3 (2.6) 26.0 (3.1) <0.0001
Waist circumference [cm; mean (SD)] 80.7 (7.1) 90.5 (7.9) <0.0001
Current smoker (%) 40.1 37.5 <0.0001
Regular exercise, yes (%) 31.6 27.6 <0.0001
Alcohol intake (%)
Every day 442 39.9 <0.0001
Sometimes 27.6 30.7
Never 28.2 29.4
History of stroke (%) 1.9 2.1 0.24
History of cardiac disease (%) 2.7 3.5 <0.0001
History of kidney disease (%) 0.3 0.5 0.06
Systolic blood pressure [mmHg; mean (SD)] 123.1 (16.6) 127.9 (16.1) <0.0001
Diastolic blood pressure [mmHg; mean (SD)] 72.6 (11.5) 80.5 (11.3) <0.0001
Antihypertensive medication, yes (%) 11.7 19.9 <0.0001
Fasting blood glucose [mg/dl; mean (SD)] 98.1 (26.2) 102.7 (26.5) <0.0001
Hemoglobin A, [%; mean (SD)] 5.2 (0.8) 5.4 (0.8) <0.0001
Antidiabetic medication, yes (%) 3.5 4.4 0.0001
Low-density lipoprotein cholesterol [mg/dl; mean (SD)] 119.6 (31.4) 129.8 (31.9) <0.0001
o Medication for hypercholesterolemia, yes (%) 4.8 9.0 <0.0001
iferséi’;‘r’z;g f:;g‘i“"“’ gR Triglycerides [mg/dl; median (IQR)] 103 (73, 156) 142 (99, 211)  <0.0001
¥ Dipftuad as e pressngs of High-density lipoprotein cholesterol [mg/dl; mean (SD)] 61.0 (16.4) 53.0 (13.1) <0.0001
>1+ proteinuria on urinalysis Creatinine [mg/dl; mean (SD)] 0.80 (0.26) 0.83 (0.37) <0.0001
b Defined as an estimated ¢GFR [ml/min/1.73 m?; mean (SD)] 83.4 (17.0) 80.6 (16.2) <0.0001
glomerular filtration rate Proteinuria® (%) 5.9 8.2 <0.0001
<60 ml/min per 1.73 m” or as Chronic kidney disease® (%) 9.2 12.2 <0.0001

proteinuria on urinalysis

Clinical characteristics of the participants stratified by
weight gain status are listed in Tables 1 and 2. As expec-
ted, both women and men with at least 10 kg of weight
gain had a higher BMI, larger waist circumference, higher
blood pressure, higher blood glucose, and higher low-
density lipoprotein cholesterol and triglyceride levels. They
were also more likely to have a history of cardiac disease,
lower alcohol consumption, and less physical activity in
both genders. The prevalence of CKD among the partici-
pants with weight gain was significantly higher than among
those without weight gain both in women (11.8 vs 8.3%,
p < 0.0001) and in men (12.2 vs 9.2%, p < 0.0001). The
prevalence of proteinuria among the participants with
weight gain was also significantly higher than among those
without weight gain both in women (5.6 vs 2.9%,
p < 0.0001) and in men (8.2 vs 5.9%, p < 0.0001).

In the age-adjusted analysis, the odds ratios for CKD
increased along with increasing age in both genders
(Tables 3, 4). Multivariate analysis revealed that weight
gain was significantly associated with the prevalence of
CKD, even after adjusting for hypertension, diabetes, and
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hypercholesterolemia. Thus, weight gain was indepen-
dently associated with CKD in both genders. When the
participants with a history of kidney disease were excluded,
the results of the models also remained similar (Appendix).
When proteinuria was replaced by the prevalence of CKD,
multivariate analysis revealed that weight gain was sig-
nificantly associated with proteinuria, even after adjusting
for hypertension, diabetes, and hypercholesterolemia [the
odds ratio (95% CI) 1.43 (1.25-1.63) in women and 1.16
(1.04-1.30) in men].

Stratified analysis showed that weight gain was inde-
pendently associated with the prevalence of CKD among
the subgroup without metabolic syndrome in both genders
(Table 5). Among women, weight gain was also indepen-
dently associated with the prevalence of CKD in the sub-
group without abdominal obesity (waist circumference
<90 cm).

The sensitivity and specificity of weight gain, BMI, and
waist circumference for identifying CKD are shown in
Table 6. Weight gain among women showed highest sen-
sitivity (38%), but lowest specificity (71%), among the
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Table 3 Multivariate analysis

of the relationship between Viriable

Age-adjusted (95% CI)

Model 2°
Odds ratio (95% CI)

Model 1°
Odds ratio (95% CI)

weight gain after 20 years of
age and the prevalence of
chronic kidney disease among
women

Weight gain after 20 years

<10 kg (ref)
>10 kg
Age
40-44 (ref)
45-49
50-54
55-59
Current smoker
No (ref)
Yes

1.00
1.43 (1.32-1.56)

1.00
1.22 (1.02-1.46)
2.06 (1.76-2.42)
2.40 (2.07-2.78)

1.00
1.43 (1.31-1.55)
1.00
1.21 (1.01-1.45)

2.04 (1.74-2.39)
2.35 (2.03-2.73)

1.00
1.05 (0.93-1.19)

1.00
1.24 (1.14-1.36)

1.00

1.14 (0.95-1.37)
1.82 (1.54-2.13)
1.99 (1.71-2.32)

1.00
1.05 (0.93-1.19)

* Model 1 is adjusted for age, Regular exercise
current smoking, regular

exercise, alcohol intake, history No (ref)

of kidney disease, and place of Yes

residence Alcohol intake

® Model 2 is adjusted for the Every day (ref)
variables in model 1 plus
hypertension, diabetes, and
hypercholesterolemia

Sometimes

Little or never

° Defined as the use of History of kidney disease
antihypertensive medication, a No (ref)

systolic blood pressure Yes
>140 mmHg, and/or a diastolic

blood pressure >90 mmHg, or Hypertension
both No (ref)
4 Defined as the use of insulin Yes

or oral antidiabetic medication, Diabetes mellitus®

a fasting serum glucose level

>126 mg/dl, or both so (ref)
¢ Defined as the use of ©8 B
cholesterol-lowering Hypercholesterolemia
medication, a low-density No (ref)

lipoprotein cholesterol level Yes
>140 mg/dl, or both

1.00 1.00
0.88 (0.81-0.96) 0.88 (0.81-0.97)

1.00 1.00
1.07 (0.92-1.23) 1.07 (0.92-1.24)
1.14 (1.00-1.30) 1.15 (1.00-1.31)
1.00 1.00

3.34 (2.18-5.13) 3.07 (1.99-4.72)

1.00
1.57 (1.43-1.72)

1.00
1.47 (1.26-1.71)

1.00
1.16 (1.06—-1.26)

three variables, while weight gain showed middle-level
sensitivity (57%) and specificity (51%) among men.

Discussion

The present study demonstrated that weight gain of at
least 10 kg after 20 years of age was independently
associated with the prevalence of CKD. This association
was recognized even in the subgroup of participants
without metabolic syndrome in both genders. The present
study also showed that weight gain was independently
associated with the prevalence of CKD in the subgroup of
women without abdominal obesity (waist circumference
<90 cm). These results suggest that using the assessment
of weight gain for prevention of obesity may protect
individuals who are within the current guidelines from

potentially avoidable risks related with obesity to CKD,
particularly for women.

Obesity is not only indirectly associated with CKD
through various risk factors, such as hypertension and dia-
betes, but has also been recognized to directly influence the
development of kidney dysfunction [9, 21-24]. Although
the exact mechanism by which obesity is associated with
CKD has not yet been elucidated, intra-abdominal fat mass
plays a key role in metabolic syndrome. Weight gain after
maturity largely reflects an increased fat mass, and thus may
be a more direct (i.e., better) predictor of CKD than BMI
or waist circumference. In addition, because the median
BMI of Asians is lower than that of non-Asians [10], weight
gain may be a more effective predictor of CKD in Asian
populations. In fact, weight gain has been reported to be
associated with the incidence of CKD among Korean
men, even when BMI remained within the normal range [7].
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Table 4 Multivariate analysis
of the relationship between
weight gain after 20 years of
age and the prevalence of
chronic kidney disease among

Variable Age-adjusted (95% CI)

Model 1*

0Odds ratio (95% CI)

Model 2°

Odds ratio (95% CI)

Weight gain after 20 years

i <10 kg (ref) 1.00
>10 kg 1.37 (1.26-1.49)
Age
4044 (ref) 1.00
45-49 1.30 (1.11-1.52)
50-54 1.44 (1.24-1.67)
55-59 1.83 (1.60-2.09)
Current smoker
No (ref)
Yes
% Model 1 is adjusted for age, Regular exercise
current smoking, regular N
exercise, alcohol intake, history 6 {reD)
Yes

of kidney disease, and place of
residence

® Model 2 is adjusted for the
variables in model 1 plus
hypertension, diabetes, and
hypercholesterolemia

¢ Defined as the use of

Alcohol intake
Every day (ref)
Sometimes
Little or never

History of kidney disease

antihypertensive medication, a No (ref)
systolic blood pressure Yes
>140 mmHg, and/or a diastolic H -
blood pressure >90 mmHg, or FpeEEnsion
both No (ref)
4 Defined as the use of insulin Yes
or oral antidiabetic medication, Diabetes mellitus®
a fasting serum glucose level No (ref)
>126 mg/dl, or both
Yes
¢ Defined as the use of e
cholesterol-lowering Hypercholesterolemia
medication, a low-density No (ref)
lipoprotein cholesterol level Yes

>140 mg/dl, or both

1.00
1.34 (1.23-1.47)

1.00

1.31 (1.12-1.53)
1.47 (1.27-1.71)
1.87 (1.63-2.15)

1.00
1.05 (0.96-1.15)

1.00
1.05 (0.96-1.16)

1.00
1.21 (1.08-1.35)
1.40 (1.26-1.56)

1.00
9.43 (6.05-14.69)

1.00
1.15 (1.05-1.26)

1.00

1.20 (1.02-1.40)
1.22 (1.05-1.42)
1.43 (1.27-1.64)

1.00
1.05 (0.96-1.15)

1.00
1.04 (0.94-1.14)

1.00
1.24 (1.11-1.39)
1.48 (1.33-1.65)

1.00
8.11 (5.15-12.77)

1.00
2.07 (1.88-2.27)

1.00
2.00 (1.78-2.25)

1.00
1.24 (1.13-1.37)

The present study also found weight gain was indepen-
dently associated with the prevalence of CKD among both
genders, even individuals without metabolic syndrome. To
our knowledge, this is the first study to demonstrate a
relationship between weight gain after maturity and CKD
among women.

The present study also showed that weight gain among
women had the highest sensitivity, but the lowest speci-
ficity, for CKD among the three measurements used to
evaluate obesity. It is theoretically desirable for a screening
test to be both highly sensitive and highly specific, but it is
difficult to achieve this because of a trade-off between
sensitivity and specificity. For public health activities
aimed at preventing obesity, a test with high sensitivity
may be more useful than one with high specificity. Thus,
using the assessment of weight gain for prevention of

@ Springer

obesity and CKD is attractive from a public health per-
spective, particularly for women.

Several studies revealed that the clinical implication of
CKD and obesity or metabolic syndrome may be different
according to gender. [12, 13, 19] Menopausal status has
been suggested to be one of the candidates in determining
the gender differences, because metabolic syndrome was a
risk factor for CKD in postmenopausal women, but not in
premenopausal women [13]. Because the mean age at
menopause was reported to be 48.3 years and 80% of
females had their menopause between 45 and 54 years of
age in Japan [25], our study must include both premeno-
pausal and postmenopausal women. Some differences
between men and women in this study might be associated
with menopausal status, whereas the information regarding
menopausal status of participants was lacking in this study.
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Table 5 Multivariate analysis of the relationship between weight gain after 20 years of age and the prevalence of chronic kidney disease in

subgroups
Gender and subgroup Number of participants Odds ratio (95% CI) p value
‘Women
Body mass index (kg/m?)
<25 22,363 1.13 (0.99-1.27) 0.06
25+ 5,788 1.08 (0.88-1.33) 0.44
Waist circumference (cm)
<90 23,656 1.15 (1.03-1.29) 0.01
90+ 4,495 1.23 (0.97-1.55) 0.08
Metabolic syndrome*
No 26,218 1.15 (1.03-1.28) <0.0001
Yes 1,933 1.55 (1.04-2.31) 0.03
Men
Body mass index (kg/m?)
<25 13,500 1.00 (0.87-1.14) 0.98
254 7,610 0.90 (0.76-1.07) 0.24
Waist circumference (cm)
<85 10,247 0.94 (0.79-1.12) 0.50
85+ 10,863 1.05 (0.91-1.20) 0.50
Metabolic syndrome®
No 10,979 1.24 (1.07-1.43) 0.01
Yes 10,131 1.04 (0.92-1.18) 0.50

Models adjusted for age, smoking, regular exercise, alcohol intake, history of kidney disease, place of residence, hypertension, diabetes, and

hypercholesterolemia

 Defined as abdominal obesity (waist circumference >90 cm for women and >85 cm for men) plus any two of the following three categories:
(1) fasting blood glucose >100 mg/dl, and/or hemoglobin A;. > 5.2%, and/or the use of insulin, and/or oral antidiabetic medication; (2)
triglycerides >150 mg/dl, and/or high-density lipoprotein cholesterol <40 mg/dl, and/or cholesterol-lowering medication; and (3) blood pressure

>130/85 mmHg, and/or use of antihypertensive medication

Table 6 Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of three weight indicators for detecting

chronic kidney disease

Sensitivity (95% CI)

Specificity (95% CI) PPV (95% CI) NPV (95% CD

‘Women

Weight gain after 20 years
Body mass index
Waist circumference

Men
Weight gain after 20 years
Body mass index
Waist circumference

0.38 (0.36-0.40)
0.29 (0.27-0.31)
0.23 (0.22-0.25)

0.57 (0.55-0.59)
0.49 (0.47-0.52)
0.63 (0.61-0.65)

0.71 (0.70-0.71)
0.80 (0.80-0.81)
0.85 (0.84-0.85)

0.51 (0.51-0.52)
0.66 (0.65-0.66)
0.50 (0.49-0.51)

0.12 (0.11-0.13)
0.13 (0.12-0.14)
0.14 (0.13-0.15)

0.12 (0.12-0.13)
0.15 (0.14-0.16)
0.13 (0.13-0.14)

0.92 (0.91-0.92)
0.92 (0.91-0.92)
0.91 (0.91-0.92)

0.91 (0.90-0.91)
0.92 (0.91-0.92)
0.92 (0.91-0.92)

CI confidence interval

Our study had several limitations. First, the actual body
weight gain could not be confirmed, but bias resulting from
this factor is not likely because body weight gain is easy to
measure. Second, CKD was defined from a single creati-
nine value and measurements of creatinine can vary among

different laboratories. In addition, a single measurement of
urinary protein was used because of the nature of an annual
health check program. Therefore, it is not possible in this
study to confirm whether participants fulfilled CKD criteria
for at least a 3-month period. Finally, this was a cross-
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sectional study, which makes it difficult to establish causal
relationships. Further longitudinal investigations will be
needed to clarify whether weight gain after maturity is an
independent factor in the development of CKD.

Despite these limitations, there were several strengths to
our study. As far as we know, this is the first report about
weight gain after maturity and CKD among women from
the general population. Our study also had a large sample
size, which allowed us to perform stratified subgroup
analyses.

Conclusions

Weight gain >10 kg after maturity was independently
associated with the prevalence of CKD among the Japanese
population, even those without metabolic syndrome.
Because weight gain is more easily understood by the
general population than BMI and can be more accurately

measured than waist circumference, advice to limit weight
gain to <10 kg after 20 years of age is recommended to
avoid an obesity-related increase in the risk of CKD, par-
ticularly for women.
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Appendix

When the participants with a history of kidney disease were
excluded, weight gain was independently associated with
CKD in both genders (Tables 7 and 8).

Table 7 Multivariate analysis
of the relationship between
weight gain after 20 years of

Variable Age-adjusted (95% CI)

Model 2°
0dds ratio (95% CI)

Model 1*
QOdds ratio (95% CI)

age and the prevalence of

. . Weight gain after 20 years
chronic kidney disease among

women without history of

<10 kg (ref)

1.00
1.43 (1.31-1.55)

1.21 (1.01-1.45)
2.04 (1.74-2.40)
2.39 (2.06-2.76)

kidney disease (n = 28,026) >10 kg
Age

40-44 (ref) 1.00

45-49

50-54

55-59
% Model 1 is adjusted for age Current smoker
current smokingj, regular = No fref)
exercise, alcohol intake, and Yes
place of residence Regu]ar exercise
® Model 2 is adjusted for the No (ref)
variables in model 1 plus Vi

hypertension, diabetes, and
hypercholesterolemia

¢ Defined as the use of
antihypertensive medication, a
systolic blood pressure of
>140 mmHg, and/or a diastolic

Alcohol intake
Every day (ref)
Sometimes

Little or never

blood pressure >90 mmHg, or Hypertension
both No (ref)
4 Defined as the use of insulin Yes

or oral antidiabetic medication,
a fasting serum glucose level
>126 mg/dl, or both

¢ Defined as the use of
cholesterol-lowering
medication, a low-density
lipoprotein cholesterol level
>140 mg/dl, or both

@ Springer

Diabetes mellitus®

No (ref)
Yes

Hypercholesterolemia®

No (ref)
Yes

1.00
1.42 (1.30-1.54)

1.00
1.20 (1.00-1.43)
2.04 (1.74-2.39)
2.38 (2.05-2.76)

1.00
1.05 (0.92-1.19)

1.00
1.14 (1.04-1.25)

1.00
1.05 (0.91-1.22)
1.15 (1.01-1.31)

1.00
1.25 (1.14-1.36)

1.00

1.14 (0.95-1.36)
1.81 (1.53-2.12)
1.99 (1.70-2.32)

1.00
1.06 (0.93-1.20)

1.00
1.13 (1.04-1.24)

1.00
1.06 (0.91-1.22)
1.14 (1.00-1.30)

1.00
1.54 (1.29-1.75)

1.00
1.50 (1.40-1.69)

1.00
1.16 (1.06-1.26)

— 121 —



Clin Exp Nephrol (2012) 16:259-268

Table 8 Multivariate analysis
of the relationship between
weight gain after 20 years of
age and the prevalence of
chronic kidney disease among
men without history of kidney

Variable

Age-adjusted (95% CI)

Model 1*

Odds ratio (95% CI)

Model 2°

Qdds ratio (95% CID)

Weight gain after 20 years

<10 kg (ref)

1.00
1.37 (1.25-1.50)

1.29 (1.11-1.51)
1.41 (1.22-1.64)

disease (n = 21,027) >10 kg
Age
40-44 (ref) 1.00
45-49
50-54
55-59 1.80 (1.57-2.06)
. ‘ . Current smoker
? Model 1 is adjusted for age,
current smoking, regular No (ref)
exercise, alcohol intake, and Yes
place of residence Regular exercise
® Model 2 is adjusted for the No (ref)
variables in model 1 plus Yes

hypertension, diabetes, and
hypercholesterolemia

¢ Defined as the use of
antihypertensive medication, a
systolic blood pressure

>140 mmHg, and/or a diastolic

Alcohol intake
Every day (ref)
Sometimes
Little or never

. C
blood pressure >90 mmHg, or Hypertension
both No (ref)
¢ Defined as the use of insulin Yes

or oral antidiabetic medication,
a fasting serum glucose level
>126 mg/dl, or both

¢ Defined as the use of
cholesterol-lowering
medication, a low-density
lipoprotein cholesterol level
>140 mg/dl, or both

References

Diabetes mellitus®

No (ref)
Yes

Hypercholesterolemia®

No (ref)
Yes

1.00
1.34 (1.23-1.47)

1.00
1.31 (1.12-1.53)
1.47 (1.26-1.71)
1.86 (1.62-2.14)

1.00
1.06 (0.96-1.16)

1.00
1.05 (0.95-1.15)

1.00
1.20 (1.08-1.35)
1.40 (1.26-1.56)

1.00
1.15 (1.05-1.26)

1.00

1.20 (1.03-1.41)
1.22 (1.05-1.42)
1.43 (1.24-1.64)

1.00
1.05 (0.96-1.16)

1.00
1.03 (0.93-1.14)

1.00
1.24 (1.10-1.39)
1.48 (1.32-1.65)

1.00
2.04 (1.85-2.24)

1.00
2.00 (1.78-2.25)

1.00
1.24 (1.13-1.36)
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Abstract

Background Estimated glomerular filtration rate (eGFR)
and albuminuria (proteinuria) are both important determi-
nants of the risk of cardiovascular disease (CVD), end-
stage renal disease (ESRD), and mortality. Few studies,
however, have examined the risk factor profiles based on
eGFR and proteinuria among the general population.
Methods Data of the newly developed nationwide
screening program of the Specific Health Check-up and
Guidance System (Tokutei-Kensin) initiated in 2008 were
used in this study. The aim of this screening, targeting
people 40-74 years of age, was to detect those with met-
abolic syndrome and to offer those services regarding
lifestyle modifications that will lead to the reduction of
diabetes mellitus (DM) and DM-related ESRD. Individual
records of 580,000 participants in 69 cities and towns and 3
union cohorts throughout Japan were anonymously pro-
vided and included in the present study.

Results  Details of 332,174 participants (57.3% of the
total) with both serum creatinine and dipstick urine test
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data were analyzed. Mean (SD) age was 63.6 (8.3) years
and 40.6% were men. The mean (SD) eGFR was 75.0
(16.2) ml/min/1.73 m? and 5.4% had proteinuria. The
prevalence of chronic kidney disease (CKD) stage 3, 4, and
5 was 14.2%, 0.2%, and 0.07%, respectively. The preva-
lence of DM, hypertension, and history of stroke and heart
disease was correlated with the combination of eGFR and
degree of proteinuria.

Conclusion The findings of the present study indicate that
CKD and risk factors for CVD are quite common among
middle-aged Japanese. CKD classification based on eGFR
and proteinuria may be useful for predicting CVD, mor-
tality rate, and ESRD in the Japanese population.

Keywords eGFR - CKD - Screening - Proteinuria -
Epidemiology

Introduction

Chronic kidney disease (CKD) is a common condition and
is a risk factor for developing cardiovascular disease
(CVD) and end-stage renal disease (ESRD) [1]. Both the
prevalence and incidence of treated ESRD are very high in
Japan [2]. Furthermore, the incidence and prevalence
continue to increase, despite several preventive strategies
aimed at early detection and treatment of CKD. Japan has a
long history of universal screening, a program that might
facilitate the early detection of CKD [3]. A higher mean
age at the start of dialysis can be interpreted as delaying the
progression of CKD, but it may also simply reflect the
increase in the elderly population and longevity. Dipstick
proteinuria is a strong predictor of developing ESRD in a
setting of community-based screening [4]. Delayed visits to
the nephrology clinic result in an inevitable initiation of

@ Springer

— 124 —



Clin Exp Nephrol

dialysis with a short duration of follow-ups [5, 6]. Such
‘late referral’ negatively impacts survival after dialysis is
initiated. Preliminary results of the Japanese Society
Dialysis Therapy support the notion that the longer the
duration of pre-ESRD treatment, the better the survival.
Because CKD remains asymptomatic until the late stages,
effective strategies for the early detection and treatment of
CKD are necessary.

The increasing prevalence of obesity and diabetes mel-
litus (DM) has become the leading cause of ESRD. A
specific nationwide health check-up and guidance system,
called Tokutei-Kenshin, was initiated in April 2008 in
Japan (The Ministry of Health, Labour and Welfare;
http://www-admin@.mhlw.go.jp). The aim of this project
is to detect metabolic syndrome and if confirmed, to pro-
vide individual instruction to modify lifestyle and the
necessary treatment. The target population comprises Jap-
anese citizens between the ages of 40-74 years. Data on
the prevalence of risk factors for developing CKD, ESRD,
and CVD are limited to the Japanese population. In the
present study, we examined the demographics of partici-
pants of the newly developed screening system in Japan.
Risk factor profiles were examined according to the new
CKD classification based on the combination of estimated
glomerular filtration rate (eGFR) and dipstick proteinuria
findings [7]. Results of dipstick proteinuria were catego-
rized into three groups: (—) and (%), 1+, and >2+. The
present study provides the baseline characteristics for the
future outcome study as the unique identification number
was set by the government.

Methods

Individual records for 580,000 participants in 12 communi-
ties or prefectures were anonymously provided and included
in this analysis. Among these participants, subjects with data
for both serum creatinine and dipstick proteinuria were
selected for this study. A test was mandatory for dipstick
proteinuria, but not for serum creatinine. Therefore, rates of
measurement of serum creatinine differ among cohorts or
prefectures. Databases included in this study were from
Yamagata, Miyagi, Fukushima, Ibaraki, Tokyo, Kanagawa,
Niigata, Osaka, Okayama, Kochi, Fukuoka, Miyazaki and
Okinawa, and ethical approval was obtained from the
respective institute review boards. Data were sent to a data
center called the NPO Japan Clinical Research Support Unit
to be verified. Outliers were deleted through winsorization
and accounted for 0.01-0.1% of the total. Eligible partici-
pants visited a pre-assigned clinic or hospital and responded
to a questionnaire regarding past history of stroke, cardiac
disease, kidney disease, lifestyle habits such as smoking,
alcohol intake, walking, etc., and medications for
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hypertension, DM, and dyslipidemia. Screening participants
are eligible for public support for the standard health checks,
such as measurement of height, weight, waist circumference,
blood pressure, fasting blood glucose, hemoglobin Alc,
triglyceride, serum high-density lipoprotein (HDL) choles-
terol, low-density lipoprotein (LDL) cholesterol, glutamyl
oxaloacetic transaminase, glutamate pyruvate transaminase,
gamma-glutamyl transpeptidase, hemoglobin, uric acid,
serum creatinine, dipstick urine test for proteinuria, hema-
turia, and glucosuria. Proteinuria was coded as (—), (%),
(14), (24), and (3+). Serum creatinine was measured using
the enzymatic method. Glomerular filtration rate was cal-
culated using the formula of the Japanese Society of
Nephrology [8]. Reference levels for triglyceride, HDL
cholesterol, LDL cholesterol, uric acid, fasting blood glu-
cose, and hemoglobin Alc were set at 150, 40, 7, 110 mg/dl,
and 6.1%, respectively. Blood pressure was measured in all
cohorts using a standard sphygmomanometer. Hypertension
was defined as >140/90 mmHg or on antihypertensive
medication. DM was defined as hemoglobin Alc >6.1% or
on medication for DM. Obesity was defined as body mass
index (BMI) >25 kg/m?.

Statistical analysis

Data were analyzed with SAS/STAT software (version
6.03, SAS Institute, Tokyo, Japan). Student’s 7 test and the
Chi-squared test were performed to compare the signifi-
cance of discrete variables. A P value of less than 0.05 was
considered statistically significant in all analyses.

Results

Demographics of the screened subjects are summarized in
Table 1. The prevalence of CKD (i.e., eGFR <60 ml/min/
1.73 m?) was as high as 14.2%. Compared to national sta-
tistics, smoking rates were lower in both men and women
than in the general population. Those with low eGFR com-
prised 14.2% and proteinuria was distributed as follows:
negative and =+ 94.55%, 14- 3.75%, and >2+ 1.7%.

The prevalence of obesity, DM, and hypertension is
summarized based on the results of eGFR and proteinuria
in Table 2. The prevalence of obesity, DM, and hyper-
tension increased in relation to the degree of proteinuria in
each eGFR group. Higher levels of proteinuria together
with lower levels of eGFR were associated with an
increased prevalence of hypertension (Fig. 1).

History of stroke, heart disease, and CVD (either stroke
or heart disease) is summarized in Table 3. The prevalence
of CVD was highest (25.2%) in those with proteinuria of
(1+) and an eGFR of 15-29 ml/min/1.73 m?, and the
prevalence was lowest (6.1%) in those negative and =+ for
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Table 1 Demographics of the screened cohorts. Screening was per-

formed during April 1, 2008 to March 31, 2009

Number of participants
Men (%)

Age (years)
Body height (cm)
Body weight (kg)

Body mass index
(kg/m?)

Waist circumference
(cm)

Systolic blood pressure
(mmHg)

Diastolic blood
pressure (mmHg)

Fasting blood glucose
(mg/dl)

Hemoglobin Alc (%)

Triglyceride (mg/dl)

HDL cholesterol
(mg/dl)

LDL cholesterol
(mg/dl)

Hemoglobin (g/dl)

Serum creatinine
(mg/dl)

eGFR (ml/min/
1.73 m?)

<15
1529
30-44

45-59
60-89
>90

Serum uric acid
(mg/dl)

Glucosuria®
Proteinuria®
Hematuria®
Past history (%)
Stroke
Cardiac disease
Kidney disease
Medication (%)

Anti-hypertensive
drugs
Lipid lowering drugs

332,174

134,751
(40.6)

63.6 (8.3),
40-74

157.2 (8.5)

57.6 (10.5)

23.2 (3.3)

84.1 (9.2)

128.9 (17.4)

76.3 (10.7)

98.2 (21.5)

5.3 (0.7)
122.5 (84.0)
62.1 (16.3)

125.9 (30.6)

13.6 (1.4)
0.7 (0.2)

75.0 (16.2)

240 (0.07%)
655 (0.20%)

4,300
(1.29%)

42,975
(12.94%)

225,081
(67.76%)

58,923
(17.74%)

52 (1.4)

2.30%
5.40%
7.50%

3.30

6.00
0.70

28.80

15.80

Men 164.6 Women
(6.3)" 152.2 (5.7)

Men 64.5 Women 52.8
9.5)" (8.3)

Men 23.8 Women 22.8
G.0* (3.5)

Men 85.7 Women 83
(8:3)F 9.5)

Men 0.8 Women 0.6
(0.3)* 0.2)

Men 6.0 Women 4.7
(1.3)* (1.1)

Table 1 continued

Insulin or 5.20
hypoglycemic drugs
Lifestyle (%)
Smoking 13.50 Men 25.2%"
Women 5.5%
Drinking 4430 Men 65.2%"

Women 30.0%

Data are mean (SD)
* Positive urine test denote >1+ by dipstick

P <0.01 (vs women)

proteinuria and having an eGFR >90 ml/min/1.73 m?. The
combination of higher levels of proteinuria and lower
levels of eGFR was associated with an increased preva-
lence of a history of CVD (Fig. 2).

Mean (SD) levels of BMI and smoking rate are sum-
marized in Table 4. Both BMI and smoking rate were
higher in men than in women. The smoking rate tended to
decrease in the lower eGFR category.

Discussion

The target population of this screening in Japan comprised
participants from 40 to 74 years of age, and the expected
turnout was approximately 58 million. In the 2008
screening, the actual participation rate remained low,
20-30%, probably because of the lack of preparation for
implementing this new system. The total number of par-
ticipants in the present study was approximately
0.58 million; therefore, our analysis included at least 1% of
the target population in Japan.

The results revealed the current health status among the
general Japanese population. The proportion of the popu-
lation comprising elderly people is high in Japan and its
rate of increase is currently the highest in the world. The
proportion of those with a low GFR (<60 ml/min/1.73 m2),
regardless of proteinuria, increases with aging. Fortunately,
the rate of decline of the GFR in the Japanese is relatively
low, 0.36 ml/min/1.73 m*/year [9]. Elderly people are at
risk for CVD and death. Effective strategies to establish a
health check and guidance system are necessary to better
accommodate the future burden of medical and social costs
due to the aging population. Based on the findings of the
present study, we propose that a cost—benefit analysis be
performed on programs designed for the early detection
and treatment of CKD, including education regarding
lifestyle modification.

CVD is a recently recognized risk factor for CKD and
ESRD [7]. The prevalence of CVD in CKD stage 5 is
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Table 2 Prevalence of obesity,

TIM, 4l hypedensian busel &n eGFR Proteinuria Number (%) Obesity (%) DM (%) Hypertension (%)
the combination of eGFR and <15 Minus, + 101 (0.03) 228 10.2 50.5*
proteinuria
1+ 35 (0.01) 28.6 17.6 88.6*
>2+ 103 (0.03) 31.1 32.0% 92.2%
15-29 Minus, £ 251 (0.08) 29.1 25.2* 81.1%
1+ 119 (0.04) 31.1 22.7* 85.5%
>2+ 285 (0.09) 40.3* 38.4% 91.9%
30-44 Minus, + 3,194 (0.96) 35.8% 13.9% 68.2°%
1+ 504 (0.15) 43.8% 24.9% 83.3*
>2+ 579 (0.17) 46.5% 33.9% 85.9%
. 45-59 Minus, £ 39,265 (11.82) 30.7* 9.3% 52.7*
Total number of participants . . .
was 332,174. Parentheses are 1+ 2,408 (0.72) 4222 19.6% 71.6
the percentage to the total >2+ 1,326 (0.40) 49.5% 31.1* 80.2*
paiiGipans i =Ach Calimi. 60-89 Minus, £ 214,768 (64.66) 25.4% 8.4% 43.3%
Obesity, BMI >25 kg/m~; DM, " . y
HbAle 61% or ot Heamment: 1+ 7,579 (2.28) 38.5 19.3 62.1
hypertension, 140/90 mmHg or >2+ 2,703 (0.81) 46.5% 31.1% 72.0%*
on treatment >90 Minus, + 56,495 (17.01) 24.3 10.6 39.8
* P <0.0001,"P < 0.05 (vs. 1+ 1,812 (0.55) 37.9% 26.5% 57.4%
reference value of eGFR >90 >0t 647 (0.19) 46.5% 36.4% 72.0%

and proteinuria minus or %)

Prevalence of Hypertension

100%
80% {~
60%
40% 1
20% {

0% +
15-29

30-44
4559 o oo

eGFR, ml/min/1.73m?2

Fig. 1 Prevalence of hypertension by the combination of eGFR and
proteinuria. Prevalence of hypertension was significantly
(P < 0.0001) higher in every column except those with eGFR
15-29 and proteinuria minus or (£) (P < 0.05) when compared to the
reference value of eGFR >90 and proteinuria minus or (%)

approximately 25%; similar to the prevalent dialysis pop-
ulation. Ethnic variations in CVD incidence and subtype
are well described in the general population [10, 11]. The
stroke mortality rate is high in Japan; however, in the
present study, the prevalence of stroke was lower than that
of cardiac disease (Table 1). The reasons for this finding
are not clear, but many people with stroke are unable to
participate in this type of screening program.

Metabolic syndrome is an important risk factor for
developing CKD [12], and for DM and hypertension, which
are the main causes of ESRD [13]. We previously reported
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Table 3 Prevalence of history of stroke and heart disease based on
the combination of eGFR and proteinuria

eGFR Proteinuria Stroke Heart Disease CVD
<15 Minus, + 4.0 6.9 10.9*
1+ 5.7 17.1% 22.9
>2+ 8.7 12.6 19.4*
15-29 Minus, + 13.9% 15.9* 25.1%*
1+ 15.1% 15.1* 25.2*
>24 11.6* 13.7* 22.5%
3044 Minus, + 8.6%* 13.1* 19.2*
1+ 9.9% 16.1% 22.4%
>2+ 10.5* 16.4* 23.7*
45-59 Minus, £ 4.8% 8.5% 12.3%
1+ 6.9% 11.7* 16.2%
>2+4 8.3% 13.1% 19.2*
60-89 Minus, £ 3.0% 5.6* 8.1*%
1+ 4.7* 7.3*% 11.1%
>2+ 5.8% 9.3% 13.8%*
>90 Minus, + 2.4 4.1 6.1
1+ 3.5 6.0% 8.8%
>0+ 4.5" 4.6 8.5"

Total number of participants was 332,174. Cardiovascular disease
(CVD) denotes stroke and/or heart disease

P < 0.0001, TP < 0.02, *P < 0.05 (vs reference value of eGFR
>90 and proteinuria minus or =)

the significance of obesity in the risk for ESRD. Recent
societal changes in lifestyle related to motorized transpor-
tation and high-calorie intake may have contributed to the
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Prevalence of CVD History

30%
25%
20%
15%
10%
5%

0%
R
60-89

eGFR, ml/min/1.73m?

Fig. 2 Prevalence of history of cardiovascular disease (CVD) by the
combination of eGFR and proteinuria. Prevalence of CVD was
significantly (P < 0.0001) higher in every column except those with
eGFR 15-29; not significant for proteinuria (+), and P < 0.05 for
proteinuria >2+-, when compared to the reference value of eGFR >90
and proteinuria minus or (+). P value was <0.02 for those with eGFR
>90 and proteinuria >2+

Table 4 Mean (SD) levels of body mass index (BMI) and smoking
rate in each sex based on the combination of eGFR and proteinuria

eGFR  Proteinuria Men Women

BMI Smoker  BMI Smoker
(kg/m>) (%) (kg/m?®) (%)

<15 Minus, £ 24.1 (2.6) 54 222 (3.0) 109

1+ 242 (2.4) 125 220 (34) 53
=94 233 (2.8) 222 245 (47) 25
15-29  Minus, =  23.6 3.1) 15.0 236 4.1) 8.0
1+ 245 (34) 70 23.5(3.8) 6.5
>2+ 242 (3.1) 184 253 (47) 6.0
3044 Minus, £ 243 (2.9) 153 237 (3.8) 4.4
1+ 248 (3.5) 195 242 (45) 6.6
>0+ 252(32) 195 24.9 (4.4) 5.9
45-59  Minus, £  24.1 (2.8) 158 232 (34) 3.9
1+ 247 3.0) 206 242 (42) 5.7
>0+ 252 (3.5) 24.9 25.1 (4.4) 5.7
60-89 Minus, =  23.7 (3.0) 24.4 227 (34) 5.1
1+ 24.5 (3.4) 294 239 (43) 6.8
>2+ 25.1 (3.8) 312 24.8 (4.8) 8.1
>90  Minus, £ 234 (3.4) 388 227 (3.6) 12
1+ 242 (4.0) 465 242 (4.5) 83
>0+ 25.0 (4.2) 395 250 (5.0) 9.4

Total number of participants was 332,174
SD standard deviation

increased prevalence of obesity. Although the prevalence of
obesity (BMI >30 kg/m?) is lower in Japan than in the USA
[14], complications begin to increase in the Japanese after
reaching a BMI of 25 kg/m®.

Microalbuminuria is suspected when the dipstick test
results for proteinuria are (4) and/or 1+ [15]. Routine
measurement of microalbuminuria is not feasible for the
universal screening of CKD, as the cost is much higher
than that of a dipstick urine test for proteinuria. Japan has a
long history of universal screening, including dipstick urine
testing for both proteinuria and hematuria. A positive
proteinuria test result has a strong predictive value for the
development of ESRD.

The strengths of the present study are: the number of
participants was sufficiently large. It is the first nationwide
targeted screening program aimed at determining the
prevalence of metabolic syndrome in Japan. People diag-
nosed with metabolic syndrome are entitled to receive
instruction to modify their lifestyles and therefore the risk
factors for CKD and CVD can be modified accordingly.
The prevalence of metabolic syndrome and obesity, par-
ticularly in men, is increasing; therefore, the prevalence of
CKD is increasing in Japan [16].The combined eGFR and
dipstick proteinuria test results indicate that the prevalence
of risk factors for CKD and CVD increasing. Future fol-
low-up studies will provide the predictive value of this
CKD stratification on CVD, ESRD, and mortality.

The present study has several limitations. It is a cross-
sectional study. Single tests for dipstick proteinuria and
serum creatinine might cause misclassification of the true
prevalence of CKD. To confirm the existence of CKD, the
test should be repeated annually, at least 3 months apart.
The current estimation of GFR used in this study is precise
(<60 ml/min/1.73 mz); therefore, the proportion of those
with moderately decreased GFR (<45 ml/min/1.73 m?)
seems to be high, 1.56%. We selected patients with data for
both serum creatinine and dipstick urine test, which com-
prised approximately two-thirds of the total participants. A
cost—benefit analysis on the best combination of screening
tests remains to be performed in Japan. Details of CVD,
such as subtype of stroke and heart disease, are not clear.
Risk factors may differ among diseases. Information of
past medical history, medications, and lifestyle were
obtained from a questionnaire, which has not yet been
validated. Finally, the elderly population, those aged
>75 years, was not considered in the present screening. It
remains to be determined whether or not risk stratification
based on both eGFR and proteinuria is applicable in this
age group. CKD also has a role in medical problems
commonly seen in elderly people, such as malignancies,
pneumonia, sepsis, dementia, and bone fractures.

In conclusion, the risk profiles of CKD and CVD are
indicated by the new CKD classification based on eGFR
and proteinuria levels in the newly developed screening
system used in Japan. Although CKD stratification based
on the combined eGFR and proteinuria results seems to be
a useful predictor of CVD and mortality in the general
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population in Japan, the validity of this finding has yet to
be demonstrated in outcome studies, and would be useful
for the international comparison of the incidence of ESRD
[17].
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Abstract

Background For a definitive diagnosis of chronic kidney
disease, at least 2 consecutive positive results of proteinuria
with an interval of >3 months are required. However, most
previous reports were based on single-screening data.
Patients and methods The subjects in this study were
participants in an annual health examination held in
Ibaraki, Japan, between 1993 and 2003. The follow-up
duration with serial urinalysis for 3 years of patients who
were negative for proteinuria in the initial year was
330,614 person-years in males and 687,381 person-years in
females among 81,854 male and 155,256 female subjects.
We evaluated the incidence and risk factor for the inci-
dence of proteinuria and persistent proteinuria.

Result The annual incidence of proteinuria and persistent
proteinuria was 1.31 and 0.33 % in males and 0.68 and
0.14 % in females. Among the subjects without hyperten-
sion and diabetes, the annual incidence was 0.81 and
0.16 % in males and 0.37 and 0.06 % in females, respec-
tively. Risk analysis indicated that hypertension in males
[hazard ratio (HR) 2.052] and females (2.477), diabetes in
males (3.532) and females (3.534) and reduced renal
function in males (3.097) and females (2.827) were
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significant positive risks for development of persistent
proteinuria.

Conclusion By annual urinalysis screening of the general
population, 1 out of 303 male subjects and 1 out of 725
female subjects developed persistent proteinuria every
year. Subjects with diabetes, hypertension and reduced
renal function had a 2 or 3 times higher risk for the inci-
dence of persistent proteinuria in both males and females.

Keywords Urinalysis - Chronic kidney disease -
Persistent proteinuria - Risk factors

Introduction

At present, it is considered that the worldwide population
of patients with end-stage renal disease (ESRD) will con-
tinue to increase as a result of more patients requiring renal
replacement therapy (RRT). Moreover, we know that
chronic kidney disease (CKD) is a risk factor of not only
progression to ESRD, but also the development of car-
diovascular diseases (CVD) [1-3]. Therefore, we should
promote reducing the incidence of CKD to save quality of
life in the general population and economic loss due to the
increasing number of ESRD patients.

In Japan, annual urinalysis screening programs were
introduced for every schoolchild in 1973, for every work-
ing adult in 1972, and for residents >40 years of age in
1982 under the auspices of local governments and the
Ministry of Health, Labor and Welfare of Japan [4].
However, Boulware et al. [5] reported that annual urinal-
ysis screening for proteinuria is not cost-effective unless
selectively directed toward a high-risk group such as older
persons and persons with hypertension, or conducted at an
infrequent interval. However, Kondo et al. [6] reported that
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