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Table 1. Baseline Subject Characteristics vs. 1,25(0H):D in Hisayama Subjects (n=2,417) -~
Serum 1,25(0H)D level {(pa/ml)
Varlables
(:igi%) 63;‘3'6'3332 sg;zgg.)v (:fgéi) P for trend
Age (years) 61x11 60x11 60+11 59+12 0.01
Women 51.0 53.8 65.0 £66.8 <0.001
Serum creatinine (mg/dl) 0.66x0.14 0.66£0.14  0.65x0.13 0.66+0.13 0.21
eGFA (ml-min-'.1.73m=) 8518 83+16 8316 82116 0.01
Proteinuria 7.1 47 5.1 6.8 0.96
SBP (mmHg) 134221 13121 130421 129421 <0.001
DBP (mmHg) . 8012 7911 7811 77412 <0.001
Antihypertensive medication use 259 20.9 18.7 20.1 0.01
Hemoglobin Alc (%) 5.5+0.8 5.5:0.7 5.4+0.8 5.5+:0.9 0.98
Serum TC (mg/di) 204432 205436 206436 203435 0.64
Serum HDL-C (mg/d)) 64x16 62+16 64x17 62+15 0.04
BMI {kg/m?) 23.0+3.1 23.2+3.4 23.2+3.3 23.613.7 0.03
Smoking habits 207 234 20.7 211 0.86
Alcohol intake 54.4 49.2 39.8 . 39.2 <0.001
Regular exercise 12.5 12.0 9.8 9.6 0.06

Data given as mean=SD or %.

1,25(0H)2D, 1,25-dihydroxyvitamin D; BML, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomer-
ular filtration rate; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.

sociated with an increased risk of deterioration in kidney func-
tion or the development of end-stage kidney disease.1#21

These findings raise the possibility that 1,25(0H)2D level
has an impact on the progression of kidney disease, but most
of these studies were conducted in high-risk subjects, and there
are limited longitudinal studies evaluating this issue in general
populations, especially in Asia. In the present study, we inves-
tigated the association between serum 1,25(0H)2D level and
the development of CKD stage 3-5 in the general Japanese
population.

Methods

Subjects

The Hisayama Study is an ongoing population-based prospec-
tive cohort study of cardiovascular disease and its risk factors
in the town of Hisayama, which is located in a suburb of the
Fukuoka metropolitan area on Kyushu Island, Japan. The pop-
ulation of the town is approximately 8,000, and full commu-
nity surveys of the residents have been repeated since 1961.22
In 2002 and 2003, a screening survey for the present study was
performed in the town. A detailed description of this survey
was published.?® Briefly, a total of 3,328 residents aged 240
years (77.6% of the total population of this age group) under-
went examination, After we excluded 30 subjects who did not
consent to participate in the study, one subject for whom no
blood sample was obtained, five subjects with frozen blood
sarnples inadequate for measuring seram 1,25(0OH)2D, and 473
subjects with an estimated glomerular filtration rate (eGFR)
<60ml-min- 1.73m2, the remaining 2,819 participants (1,195
men and 1,624 women) were enrolled in the study. Of those,
400 subjects did not undergo the examination in 2007 and two
subjects had no available ¢GFR data in 2007. The final subject
group enrolled was 2,417 subjects (988 men and 1,429 women).

Follow-up
The subjects were followed up prospectively via annual re-
peated health examinations. Their health status was checked

yearly by mail or telephone for any subjects who did not un-
dergo the annual examination in that year, or who moved out
of town. We also established a daily monitoring system among
the study team, local physicians, and the members of the town's
health and welfare office,

Risk Factor Measuremenis

A self-administered questionnaire concerning the current use
of anti-hypertensive agents, smoking habit, and alcohol intake
was checked by trained interviewers at the screening. These
variables were classified as being either habitual or not. The
subjects engaging in sports or other forms of exercise 23 times
a week during their leisure time constituted the regular exer-
cise group. Blood pressure was measured three times using an
automnated sphygmomanometer with subjects in the sitting
position after at least 5min rest. The mean of the three mea-
surements was used for the present analysis. Body height and
weight were measured in light clothing without shoes, and
body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared.

Blood samples were collected from an antecubital vein after
overnight fast. Part of the serum was stored at —80°C until
measurement of 1,25(0OH)2D. Fresh voided urine samples were
coliceted at the cxamination, and proteinuria was defined as 1+
or more using a reagent strip. Serum creatinine concentration
was measured using the enzymatic method. Hemoglobin Alc
was measured on high-performance liquid chromatography.
Total cholesterol and high-density lipoprotein cholesterol
(HDL-C) was determined enzymatically. Frozen serum sam-
ples were thawed in 2010 and assayed for serum 1,25(0OH)2D

“level with a radioimmunoassay kit (TFB, Tokyo, Japan).

Definition of CKD and Decline in ¢GFR

eGFR was calculated using the following new Japanese
equation: eGFR (ml-min!- 1.73 m~2)=194x%[serum creatinine
(mg/dD}19%4x[age (years)]-*287x[0.739 if female].?s CKD
stage 3-5 was defined as reduced eGFR (eGFR <60 ml- min-!-
1.73m2) according to the National Kidney Foundation Kidney
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Disease Outcomes Quality Initiative clinical practice guide-
lines Improving Global Outcomes definition and classification
of CKD.2627 The rate of change in eGFR was calculated as
the decline in eGFR using the following equation: change in

" eGFR (ml min- 1.73m2- year-)=[eGFR in 2007 (il - min-!-
1.73m2)~cGIR in 2002 (ml - min™* - 1.73 m-2)}/follow-up pe-
riod (years).

The urine albumin-creatinine ratio (ACR, in mg/g) was cal-
culated by dividing urinary albumin by urinary creatinine con-
centration. Albuminuria was defined as ACR 230.0mg/g, and
all CKD was defined as the presence ol albuminuria and/or
reduced eGFR.

Statistical Analysis

Serum 1,25(0H)D level was divided into quartiles: >79.3,
66.8-79.2, 56.5-66.7, and <56.5pg/ml. The linear trends in
the means and the frequencies of risk factors across serum
1,25(0H)2D level were tested using a linear regression analy-
sis and a logistic regression analysis, respectively. The age-
and sex-adjusted cumulative incidence of CKD stage 3-5 was
calculated using the direct method with the age and sex distri-
bution of the overall study group.

Logistic regression analysis was also used to estimate odds
ratios (ORs) with 95% confidence intervals (CIs) of CKD stage
3-5, all CKD, and albuminuria according to serum 1,25(0H)2D
level. The relationships between serum 1,25(OH)2D level and
eGFR slope were tested using multiple regression analysis. We
calculated the multivariate-adjusted mean of the eGFR slope
according to serum 1,25(0OH)2D level with analysis of covari-
ance and compared these values with a Dunnett t-test. SAS
(SAS Institute, Cary, NC, USA) was used to perform all sta-
tistical analysis. Two-sided P<0.05 was considered significant
in all analyses.

Ethics Gonsiderations

This study was conducted with the approval of the Kyushu
University Institutional Review Board for Clinical Research.
Written informed consent was obtained from all participants.

Besulis

Baseline subject characteristics according to serum 1,25(0CH)yD
concentration quartile are listed in Table 1. Subjects with lower
serura 1,25(0H)2D were younger and were likely to be female.
Mean eGFR, systolic and diastolic blood pressure (SBP and
DBP), and the frequency of anti-hypertensive medication use
were significantly decreased with lower serum 1,25(0H):2D.
Lower serum 1,25(0H)2D level was also associated with lower
mean serum HDL-C and higher mean BML The frequency

- of alcohol intake decreased significantly with lower serum

1,25(CH)2D. .

During the average 5-year follow-up period, 378 subjects
experienced CKD stage 3-5 events. The age- and sex-adjusted
cumulative incidence of CKD stage 3~5 is shown according
to serum 1,25(0H)2D level in Figere 1. The age- and sex-
adjusted cunmilative incidence of CKD stage 3-5 was signifi-
cantly higher in the third and fourth quartile groups than in the
highest quartile group. The age- and sex-adjusted ORs in-
creased gradually with lower serum 1,25(OH)2D level (P for
trend <0.001; Table 2). This association remained unchanged
after adjusting for potential confounding factors, namely age,
sex, SBP, anti-hypertensive medication use, hemoglobin Alc,
serum total cholesterol and HDL.-C, proteinuria, BMI, smok-
ing habit, alcohol intake, and regular exercise. There was no
evidence of heterogeneity in the association between the sexes
(P for heterogeneity =0.88). The upward trend in the risk of
CKD stage 3-5 with lower serum 1,25(0H)2D was observed
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Table 2. Development of CKD Stage 3-5 vs. 1,25(0H):D Quartile (n=2,417)t :
Age- and sex-adjusted Multivariate-adjusted® Hultivariate-adjusted®
Serum N N -
1,25(0H).D a. 0. P-value P-value P-value
events subjects QR(95%Cl) P-value for OR(85%Cl) Pwyalue for OR(95% Cl) P-value for
(pg/mi}
trend trend trend
279.3 75 610 1,00 (reference) <0.001  1.00 (reference) <0.001  1.00 (reference) 0.008
66.8~78.2 84 602 1.20 (0.84-1.70) 0.32 1.27 (0.89-1.82) 0.19 1.31 (0.88-1.93) 0.18
56.5-66.7 107 603  1.68(1.20-2.37) 0.003 1.74 (1.23-2.47)  0.002 1.71 (1.17-2.50) 0.006
<56.5 112 602 1.87 (1.38-2.62) <0.001 1.90 (1.34-2.70) <0.001 1.59 (1.08-2.34) 0.02

tFive-year follow-up in Hisayama subjects. *Adjusted for age, sex, SBP, anti-hypertensive medication, HbAc, serum total cholesterol, serum
HDL-C, proteinuria, BMI, smoking habits, alcohol intake, and regular exercise, $Adjusted for age, sex, SBP, anti-hyperiensive medication,
HbA1c, serum fotal cholesterol, serum HDL-C, proteinuria, BMI, smoking habits, alcohol intake, regular exercise, and baseline eGFR.

Cl, confidence interval; CKD, chronic kidney disease; OR, odds ratio. Other abbreviations as in Table 1,

10 9 *p<0.05
p for trend <0.01
~0.10 (95% CI -0.15 to -0.04) ml/min/1.73m*year per
cvery 10 pg/mi decrement in surum 1,25(0H),D levels
g 1.5
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Figmre 2. Multivariate-adjusted mean change in estimated glomerular filtration rate (eGFR) during a. 5-yéar follow-up period ac-
cording to serum 1,25-dihydroxyvitamin D (1,25(0H)2D) quartile. *P<0.05 vs. serum 1,25(0H)2D 279.3 pg/mi. Adjusted for age,
sex, systolic blood pressure, anti-hypertensive medication, hermoglobin Aic, serum total cholesterol, serum high-density lipopro-
tein cholesterol, proteinuria, body mass index, smoking habit, alcohol intake, and regular exercise. Cl, confidence interval.

after adjusting for the aforementioned covariates plus baseline
eGFR, although the lowest quastile had a lower OR than the
second lowest quartile.

To analyze sensitivity, we assessed the association between
serum 1,25(0OH)2D level and the likelihood of albuminuria and
all CKD in 1,945 participants without all CKD for 5 years.
The multivariate-adjusted OR for the development of all CKD
was 1.38 (95% CI: 1.00-1.90) in the lowest quartile and 1.41
{95% CL 1.03-1.93) in the second-lowest quartile compared
to the highest quartile, after adjusting for potential confound-
ing factors. In contrast, no significant association was found
between serum 1,25(0OH)2D level and the multivariate-adjust-
ed OR of albuminuria (Table 51).

‘We also carried out slope analysis, in which the relationship

between serum 1,25(0H)2D level and the decline in eGFR
was examined using a multiple regression model after adjust-
ing for the aforementioned potential confounding factors
(Figure 2). We found that lower serum 1,25(0OH)pD was sig-
nificantly associated with a greater decline in eGFR (P {or
trend <0.01): the difference in the multivariate-adjusted mean
of the decline in eGFR was significant in the subjects with
serum 1,25(0H)2D <56.5pg/ml compared to those with serum
1,25(0H)2D 279.3 pg/ml.

The amount of change in eGFR was ~0.10ml-min-!.
1.73m 2. year-! (95% CI: -0.15 to —0.04) per 10pg/ml decre-
ment in serum 1,25(0OH)1D level. This relationship was not
aliered substantially after adjusting for eGFR at baseline in
addition to the covariates included in the model for Figure 2
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(Figure S1). The sensitivity analyses using the Chronic Kid-
ney Disease Epidemiology Collaboration equation for eGFR
calenlation instead of the Japanese equation also identified a
significant relationship between eGFR level and mean change
in eGFR: 279.3pg/ml, -1.1 (95% CI: -1.2 10 —1.0); 66.8—
79.2pg/ml, ~1.2 (95% CI: -1.3 to -1.1); 56.5-66.7pg/ml, ~1.3
(95% CL: —1.4 10 —1.2); and <56.5pg/ml, —1.4 (95% CIL: -1.5
to ~1.3): P for trend <0.001,

In the subgroup analyses stratified by sex, age, diabetes,
and hypertension, there was no evidence of a significant dif-
ference in the association of serum 1,25(0OH)D level with the
risk of the development of CKD stage 3-5 or the eGFR slope
between the subgroups (all P for heterogeneity >0.18;
Tables §2,83).

Discussion

The present results clearly show that lower serum 1,25(0H):D
is significantly associated with an increased risk of develop-
ment of CKD stage 3-5. Additionally, the subjects with lower
serum 1,25(0OH)2D had a greater decline in eGFR. These rela-
tionships remained significant after adjusting for potential con-
founding factors. To the best of our knowledge, this is the first
study to investigate the relationship between serum 1,25(0OH)2D
level and the incidence of CKD stage 3-5 prospectively in a
commmunity-based Asian population.

Several epidemiological studies examined the association
of serum 25(OH)D or 1,25(CH):zD level with the development
of CKD. In the Cardiovascular Health Study, lower serum
25(0OH)D level was associated with a greater decline in eGFR
among 1,705 community-dwelling older adults in the USA.1#
The Third National Health and Nutrition Examination Survey
in the USA also found that lower serum 25(OH)D level was a
significant risk factor for development ol end-stage kidney
disease.”” A hospital-based prospective study conducted in 168
subjects in Italy found that lower serum 1,25(OH)2D level, as
well as serum 25(0H)D level, was significantly linked to an
increased risk of progression from moderate-severe CKD to
end-stage kidney disease.” In the Homocysteinemia in Kidney
and End Stage Renal Disease Study of 1,099 US patients with
advanced CKD, lower serum 1,25(0H)D level was associated
with an increased risk of end-stage kidney disease.?! These
findings are in accord with the present results,

Several possible explanations have been proposed for the
mechanism underlying the association between serum 1,25
(OH)2D level and the tisk of CKD. Experimental studies have
suggested that 1,25(0H)2D can regulate the proliferation of
vascular smooth muscle cells and vascular inflammation,
which may promote systemic arteriosclerosis.?®2* Several epi-
_ demiological studies reported that decreased eGFR is closely
correlated with systemic atherosclerosis.?**! These properties
may play a key role in the pathogenesis of CKD by promoting
arteriosclerosis within the kidney. 1,25(0OH)2D also promotes
the survival of podocytes by inducing differentiation and pre-
venting apoptosis, and reduces glomerulosclerosis, intestinal
fibrosis, and albuminuria in animal models.** Through these
mechanisms, lower serum 1,25(0OH)2D level may cause arte-
riosclerosis, glomerulosclerosis, and intestinal fibrosis, resuli-
ing in CKD.

It has been recognized that subjects with lower eGFR at
baseline are likely to have lower serum 1,25(0H)D, raising
the possibility that the present findings merely reflect that
subjects with lower eGFR at baseline develop CKD more
quickly. ¥ To avoid this possibility, we excluded the subjects
with eGFR <60ml - min~!- 1.73m-2, because serum 1,25(0H)D

decreases progressively when eGFR falls below 60ml - min-!.
1.73m2, and we adjusted the risk estimates for eGFR level at
baseline.?72#

We also compared decline in eGFR across serum 1,25(0H)2D
level. Even after taking these precautions into consideration,
we found that lower serum 1,25(0H)2D level was a significant
risk factor for the development of CKD stage 3~5. Neverthe-
less, confounding may still exist in the association between
serum 1,25(0OH)D level and CKD stage 3-5. Further inter-
vention studies addressing whether treatment to combat lower
1,25(0H)D level reduces the risk of CKD are necessary to
clarify this issue.

Several limitations of the present study should be noted.
First, it is possible that the present results are biased by the ex-
clusion of the 402 subjects who did not return to the follow-up
examination; of these, 148 subjects died during the follow-up
period. The excluded subjects had lower serum 1,25(0H)2D and
eGFR, suggesting that a high-risk group for the development
of CKD stage 35 was excluded in this study. Second, serum
1,25(OH)D level was based on a single measurement at base-
line, as was the case in most of the prior epidemiologic studies.
This may cause a misclassification of serum 1,25(0OH)2D level.
These limitations could have weakened the association found
in this study, biasing the results toward the null hypothesis. We
therefore believe these biases would not aiter the conclusion.
Last, we have no information about the type of underlying
renal disease. Such information could be obtained by detailed
clinical examination, including renal biopsy and ultrasonogra-
phy, but these diagnostic procedures are not considered feasi-
ble for a cohort study recruited from a general population, such
as the present one.

Conclusions

Lower serum 1,25(0OH)2D level is a significant risk factor for
the development of CKD stage 3-5 in the general Asian popu-
lation. At present, the extent to which raising serum 1,25(0H)D
level can attenuate the risk of CKD stage 3-5 is not known. A
clinical trial raising serum 1,25(OH)2D level is needed to clar-
ify whether higher serum 1,25(0H)2D level will result in an
improved renal prognosis.
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Table 51.

Development of all CKD and albuminuria vs. serum
1,25(0H)2D during 5-year follow-up

Table 2. Multivariate-adjusted OR and 95% CI for development of

CKD stage 3-5 vs. 1,25(0H):D

‘Table 3. Multivariate-adjusted mean change in eGFR (95% CI) vs.

Figure 51.

1,25(0H)2D in 5-year follow-up

Multivariate-adjusted mean change in estimated glomeru-
lar filtration rate (¢GFR) during a S-year follow-up period according
to serumn 1,25-dihydroxyvitamin D (1,25(0H)D) quartile after ad-
justing for eGFR at baseline in addition to the covariates included in
the model for Figure 2.
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