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Abstract

Background This study was conducted to assess the association of serum 25-hydroxyvitamin D [25(0OH)D] concen-
trations with all-cause and cardiovascular disease (CVD) mortality in older people with chronic kidney disease (CKD) in
the United States.

Methods We identified 3230 CKD participants aged > 60 years from the National Health and Nutrition Examination
Survey (2001-2018). CKD was defined as an estimated glomerular filtration rate (€GFR) <60 ml/min/1.73 m?. Mortality
outcomes were determined by linkage to National Death Index (NDI) records through December 31, 2019. Restricted
cubic spline based on Cox regression models were utilized to elucidate the nonlinear relationship between serum
25(0OH)D concentrations and mortality in patients with CKD.

Results During median 74 months of follow-up, 1615 all-cause death and 580 CVD death were recorded. We found
an L-shaped association between serum 25(0OH)D concentrations and all-cause and CVD mortality, reaching a plateau
at 90 nmol/L. Accordingly, per one-unit increment in natural log-transformed 25(0OH)D was associated with a 32% and
339% reduced risk of all-cause mortality (hazard ratio [HR] 0.68; 95%Cl, 0.56 to 0.83) and CV mortality (HR 0.69; 95%Cl,
0.49 t0 0.97) in participants with serum 25(OH)D <90 nmol/L, but no considerable difference was observed in par-
ticipants with serum 25(OH)D > 90 nmol/L. Compared with those in the deficiency group (<50 nmol/L), insufficient
(50 to <75 nmol/L) and sufficient group (>75 nmol/L) were significantly associated with lower all-cause mortality
(HR,0.83; 95%Cl, 0.71 t0 0.97 and HR, 0.75; 95%Cl, 0.64 to 0.89) and CV mortality (HR,0.87; 95%Cl, 0.68 to 1.10 and HR,
0.77;95%Cl, 0.59 to < 1.0), respectively.

"Rugang Li, Yang Li, and Zhongcheng Fan contributed equally to this work.

*Correspondence:

Min He

minhe20030701@126.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-4921-4355
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16165-x&domain=pdf

Li et al. BMC Public Health (2023) 23:1260

Page 2 of 9

Conclusion An L-shaped relationship between serum 25(0OH)D levels with all-cause and CVD mortality was observed
in elderly CKD patients in the United States. A 25(0OH)D concentration of 90 nmol/L may be the target to reduce the

risk of premature death.

Keywords Chronic kidney disease, 25-hydroxyvitamin D, Mortality, Cardiovascular diseases, Older people

Background

Chronic kidney disease (CKD) affects more than 10%
of the general population worldwide, and this situation
is more common among older people [1, 2]. CKD has
become one of the major causes of death from non-
communicable diseases worldwide [3]. It is critical to
identify modifiable factors to prevent premature death
from CKD in older adults.

25-hydroxyvitamin D [25(OH)D] is the main storage
form of vitamin D and is involved in phosphate and
calcium metabolism. Vitamin D deficiency is associ-
ated with musculoskeletal health, cardiovascular dis-
eases, hypertension, autoimmune diseases, obesity,
diabetes and depression [4-7]. A single-center ret-
rospective study and post-hoc subgroup analysis of
the LURIC study both found that low 25(OH)D levels
were associated with increased all-cause mortality [8,
9]. Additionally, a meta-analysis of 10 studies found
that higher 25(OH)D levels were associated with bet-
ter survival in patients with CKD [10]. The study of
NHANES III (Third National Health and Nutrition
Examination Survey 1988-1994) showed non-dialy-
sis CKD patients with low serum 25(OH)D levels had
an increased risk of death compared to the high level
group [11]. Lifestyles, the spectrum of disease, and
treatments have dramatic changes during the last two
decades. It is necessary to re-assess the relationship
between 25(OH)D and risk of death. Additionally, the
effectiveness of vitamin D supplementation on CVD
and all-cause mortality is controversial. This could
be attributed to uncertainty about the optimal serum
25(OH)D concentration necessary for intervention.
Given that most published studies are small, relatively
old data, and inadequate adjustments for important
factors in CKD, further studies are needed to investi-
gate the optimal vitamin D concentration for patients
with CKD is crucial.

We conducted a large prospective cohort study,
based on the National Health and Nutrition Exami-
nation Survey (NHANES) to assess the association
between serum 25(OH)D levels with all-cause and
CVD mortality, and to evaluate the optimal target level
of vitamin D supplementation in elderly patients with
CKD.

Methods

Study design and population

NHANES is a complex, multistage sampling design
nationally representative study to assess the health and
nutritional status of the noninstitutionalized civilian
population in the U.S. From 1999, it became a continu-
ous program, with every two years representing a cycle
[12]. NHANES was performed by the Centers for Dis-
ease Control and Prevention (CDC), and approved by
the institutional review board of the National Center
of Health Statistics. All participants provided written
informed consent.

We used nine cycles of the NHANES from 2001
to 2018 (vitamin D data were not available in the
NHANES 1999-2000). There are 17,222 individu-
als aged > 60 years who are eligible for follow up. 3646
participants with CKD diagnosis [estimated glomeru-
lar filtration rate (eGFR) <60 ml/min/1.73 m?] and not
dialysis in the previous 12 months were included in this
analysis. Those with missing information on age, sex,
race, education, BMI, biochemical test, comorbidities,
co-medications (z=354), or abnormal values (n=62)
were further excluded. Therefore, a total of 3230 par-
ticipants entered in our present analysis.

Measurement of Serum 25(0OH)D

In NHANES, the concentration of serum 25(OH)D
was determined by DiaSorin radioimmunoassay kit
(Stillwater, MN) in 2001-2006, and subsequently by
standardized liquid chromatography-tandem mass
spectrometry (LC—-MS/MS) since the 2007-2008 cycle.
In accordance with CDC recommendations, we used
LC-MS/MS equivalent data for all analyses. The details
of the conversion are specified elsewhere [13].

Ascertainment of mortality

Mortality from any cause and CVD was ascertained by
linkage to the National Death Index through 31 Decem-
ber 2019. The ICD-10 was used to determine disease-
specific death. CVD mortality was defined as the
primary cause of death being any disease of the circula-
tory system (ICD-10 codes 100-109, I11, 113, 120-151, or
160-169).
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Assessment of covariates

Information on age, sex, race, education level, smoking
status, recreational activity, comorbidities, and medica-
tion use was collected from household interviews using
standardized questionnaires. Body weight, height were
obtained when people participated in physical exami-
nations at a mobile examination center. BMI was calcu-
lated as weight in kilograms divided by height in meters
squared. Race was classified as non-Hispanic White,
non-Hispanic Black, Mexican American, or other. Edu-
cation level was categorized as less than high school,
high school or equivalent, or college or above. Smoking
status was classified as never smoker, former smoker,
or current smoker. Physical activity was defined based
on the three common domains of participation cor-
responding to the interviewer-administered Physi-
cal Activity Questionnaire (PAQ), including leisure
and recreational activities, occupation-related physi-
cal activity, and transportation-related physical activ-
ity. This study focused only on leisure and recreational
activities and defined as “yes” as long as participation in
the activities [14].

In addition, creatinine, triglycerides, total cholesterol,
UACR, and parathyroid hormone (PTH) were measured
at baseline when the participants provided their blood
samples. eGFR was calculated by the CKD Epidemiology
Collaboration equation [15].

Diabetes was defined as self-reported doctor diag-
nosis of diabetes, use of insulin or oral hypogly-
cemic medication, fasting glucose>7.0 mmol/L,
random glucose>11.1 mmol/L, or glycated hemoglobin
Alc (HbAlc)>6.5%. Hypertension status was obtained
from self-report, or systolic blood pressure >140 mmHg
or diastolic blood pressure>90 mm Hg. CVD contains
self report coronary heart disease, congestive heart fail-
ure, heart attack, stroke, and angina. CCI was calculated
based on the literature published in 1994 [16].

Statistical analysis

Sample weights, clustering, and stratification were incor-
porated into all analyses because of the complex sam-
pling design of the NHANES. Participants were followed
up to death or the date of 31 December 2019, whichever
comes first. According to the Endocrine Society Clinical
Practice Guidelines, vitamin D status was categorized
into three groups: deficiency (<50 nmol/L), insufficient
(50 to<75 nmol/L), and sufficient (>75 nmol/L) [17].
Serum 25(OH)D concentrations were also analyzed as
a continuous variable after natural log transformation.
We estimated the relationship between serum 25(OH)
D concentrations and all-cause mortality as well as CVD
mortality using Cox proportion hazard model, with or
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without adjustment for age, sex, age, race, education,
smoking status, BMI, and recreational activity, UACR,
eGFR, total cholesterol, triglycerides, comorbidities
(hypertension, diabetes, CVD, CCI), and co-medications.
Additionally, a restricted cubic spline based on Cox
regression, with 3 knots, was performed to test for linear-
ity and explore the shape of the dose—response relation of
serum 25(OH)D concentrations and mortality.

Stratified analyses were also conducted by sex, ethnic-
ity (White or non-White), BMI (<30.0, or>30.0 kg/m?),
eGFR(<45,>45 ml/min/1.73m?), and with or without
CVD, hypertension and diabetes.

Two sensitivity analyses were performed to test the
robustness of our findings. First, to reduce the potential
reverse causal bias, we included participants with more
than 2 years of follow-up. Second, considering the inter-
relationship of PTH and vitamin D status, PTH was fur-
ther adjusted (only available in the NHANES 2003-2006,
n="737).

All analyses were carried out with R version 4.2.0, and a
two-tailed P <0.05 was considered statistically significant.

Results

Among the 3230 elderly CKD participants (mean age,
74.5 years; 52.1% female), 732 (23.9%) had deficient vita-
min D (<50 nmol/L) and 1061 (32.8%) had insufficient
vitamin D (<75 nmol/L). The baseline characteristics of
the study population according to serum 25(OH)D sta-
tus are shown in Table 1. Participants who had higher
25(OH)D levels were more likely to be female, non-His-
panic White; had higher education levels and recrea-
tional activity; were less likely to be current smoker and
obese; and lower comorbidities.

During a median follow-up of 74 months (interquar-
tile range, 38—119 months), 1615 all-cause deaths were
documented, including 580 CV deaths. The association
between serum 25(OH)D concentrations (Fig. 1) with the
risk of all-cause and CV mortality followed a L-shape (P
for nonlinearity 0.002 and 0.01), with the smallest Akaike
information criterion (AIC) of three knots. Accordingly,
in the threshold effect analysis, per one-unit increment
in natural log-transformed 25(OH)D was associated with
a 32% and 33% reduced risk of all-cause mortality (haz-
ard ratio [HR] 0.68; 95%CI, 0.56 to 0.83) and CV mor-
tality (HR 0.69; 95%ClI, 0.49 to 0.97) in participants with
serum 25(OH)D <90 nmol/L, but no considerable differ-
ence was observed in participants with serum 25(OH)
D >90 nmol/L (Table 2).

In addition, we also included the serum 25(OH)D
concentrations as a categorical variable divided into
three levels, deficiency (<50 nmol/L), insufficient
(50 to<75 nmol/L) and sufficient (>75 nmol/L), and
the sufficient category including the inflection point
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Table 1 Baseline characteristics of participants with CKD stratified by serum 25(0OH)D concentrations
Variables? Serum 25(0OH)D concentrations (nmol/L)° Pvalue
<50 (n=772) 50t0<75(n=1061) >75(n=1397)

Age, yr 73.9(0.3) 74.5(0.3) 74.6 (0.2) 0.21
Female, n (%) 451 (67.6) 494 (53.6) 739 (59.8) <0.001
Race, n (%) <0.001

White 357 (70.1) 721 (84.3) 1019 (87.6)

Black 233(17.5) 146 (6.8) 185 (5.6)

Mexican American 99 (4.1) 84 (2.7) 65(1.7)

Other 83 (8.3) 110(6.2) 128 (5.2)
Education, n (%) <0.001

Low than high school 332 (34.5) 371(27.2) 360 (19.4)

High school 182 (27.0) 274 (28.2) 374 (27.7)

College 258 (38.6) 416 (44.7) 663 (52.9)
Smoke, n (%) <0.001

Never 373 (48.1) 506 (49.5) 692 (52.2)

Former 297 (37.7) 466 (43.0) 617 (42.7)

Current 102 (14.2) 89(7.5) 88(5.2)
BMI, kg/m? <0.001

<25 176 (22.3) 250 (22.6) 376 (26.2)

25-29 240 (29.8) 400 (37.0) 558 (38.5)

>30 356 (48.0) 411 (40.4) 463 (35.3)
Recreational activity, n (%) 109 (13.4) 248 (25.6) 455 (36.3) <0.001
eGFR, ml/min/1.73m? 46.7 (0.5) 48.49 (0.4) 48.0(0.3) 0.01
UACR, mg/g 263.5(46.1) 1159 (18.0) 75.0(9.6) <0.001
TCHO, mmol/L 49(0.1) 5.0 (0.0 49(0.1) 0.12
TG, mmol/L 1.8(0.1) 1.9(0.1) 1.8(0.0) 031
CCl, count 25(0.1) 2.1(0.1) 24(0.1) 0.003
Hypertension, n (%) 655 (83.3) 843 (78.2) 1137 (80.3) 0.1
Diabetes, n (%) 348 (44.2) 388(32.8) 491 (31.3) <0.001
CVD, n (%) 321(42.9) 421 (37.5) 516 (34.7) 0.01
Anti-hypertension, n (%) 579 (76.3) 751 (68.2) 1014 (68.8) 0.01
Lipid-lowering drugs, n (%) 347 (48.2) 503 (45.9) 764 (55.0) <0.001
Hypoglycemic, n (%) 239 (29.8) 271 (23.6) 335(21.6) 0.002

Abbreviation: BMI Body mass index, UACR Urinary albumin creatinine ratio, eGFR Estimated glomerular filtration rate, TCHO Total cholesterol, TG Triglycerides, CVD

Cardiovascular disease, CCl Charlson Comorbidity Index

2 All estimates accounted for complex survey designs. Continuous variables were expressed as mean (standard error). Categorical variables were expressed as number

(percent)
b All intervals are left closed and right open

(90 nmol/L). Compared with those in the deficiency
group, the insufficient and sufficient groups were signifi-
cantly associated with lower all-cause mortality (HR,0.83;
95%CI, 0.71 to 0.97 and HR, 0.75; 95%CI, 0.64 to 0.89)
and CV mortality (HR,0.87; 95%CI, 0.68 to 1.10 and HR,
0.77; 95%CI, 0.59 to < 1.0), respectively (Table 3).

In the subgroup analysis, the association between
25(OH)D and all-cause mortality was consistent across
subgroups stratified by sex, race, eGFR, presence of
CVD, hypertension and diabetes. Although, the inter-
actions for BMI were lower than 0.05, due to decreased
tendency in the similar directionality of the associations

in those with BMI more than 30 kg/m? suggesting that
there are more factors related to death in obese people
besides vitamin D (Fig. 2).

In the sensitivity analyses, compared with the defi-
ciency level, the results of the insufficient group
(HR,0.76; 95%CI, 0.59 to 0.99) and sufficient group
(HR,0.65; 95%CI, 0.47 to 0.92) did not significantly
change when we included participants with more than
2 years of follow-up. Similarly, when further adjusted
for PTH, the results also did not materially change
(HR, 0.74; 95%CI, 0.57 to 0.95) and (HR,0.68; 95%CI,
0.49 to 0.94).
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Fig. 1 Relation of serum 25(0OH)D concentrations with all-cause and CVD mortality. Hazard ratio (HR) was adjusted for age, sex, race, education,
smoking status, BMI, recreational activity, UACR, eGFR, total cholesterol, triglycerides, comorbidities (hypertension, diabetes, CVD, CCl), and

co-medications. Abbreviation: CVD, Cardiovascular disease

Table 2 Threshold effect analyses of serum 25(OH)D with all-
cause and CVD mortality using two-piecewise regression models

Serum 25(OH)D, Crude HR (95%Cl)® Adjusted HR (95%CI)2®

nmol/L

<90 (n=2381)
All-cause mortality
CVD mortality

>90 (n=849)
All-cause mortality
CVD mortality

0.62(0.54,0.72)
0.67 (0.50,0.88)

0.68(0.56,0.83)
0.69 (0.49,0.97)

0.83(0.31,2.23)
1.18(0.30,4.62)

143 (0.55,3.72)
2.66(0.68,10.44)

Abbreviation: CVD Cardiovascular disease
2 Per one-unit increment in natural log-transformed 25(0OH)D

b Adjusted for age, sex, race, education, smoking status, BMI, recreational
activity, UACR, eGFR, total cholesterol, triglycerides, comorbidities (hypertension,
diabetes, CVD, CCl), and co-medications

Discussion
This large prospective cohort study of US older people
with CKD showed a L-shaped association between serum
25(OH)D concentrations with all-cause and CVD mor-
tality, with the plateau at 90 nmol/L. This association
was independent of traditional risk factors, and was con-
sistently observed across subgroups stratified by eGFR
(<45,>45ml/min/1.73m?), gender, BMI (< 30, > 30 kg/m?),
race (White, non-White) and with or without CVD,
diabetes, and hypertension.

The relationship between 25(OH)D concentration and
mortality remains a topic of interest to clinicians and the

public in patients with CKD. Our study showed a high
prevalence of insufficient 25(OH)D (32.8%) in patients
with CKD, indicating widespread vitamin D deficiency
in those people. Consistent with previous research [8,
10, 11, 18], our multivariate analysis showed that higher
serum 25(OH)D concentrations were independently
associated with reduced all-cause and cardiovascular
mortality.

The definition of sufficiency and toxicity thresholds for
vitamin D remain unclear [19]. A retrospective cohort
study showed an independent association between
25(OH)D levels of less than 37.5 nmol/L and all-cause
mortality in non-dialysis CKD patients [8]. In a previous
NHANES study [11], subgroups with 25(OH)D levels less
than 37.5 nmol/L had a higher risk of all-cause mortal-
ity compared to subgroups with 25(OH)D levels higher
than 75 nmol/L with or without multiple adjustment. We
prepared serum 25(OH)D <50 nmol/L as the reference
group, and a significant reduction of all-cause and CVD
mortality in the 50-75 nmol/L group and>75 nmol/L
group was observed. Moreover, we observed an L-shaped
relationship between serum 25(OH)D concentration with
all-cause and CVD mortality, similar to a large general
population survey in the United Kingdom [20]. Their
study showed an L-shaped relationship between geneti-
cally predicted 25-(OH)D and all-cause mortality, with
a sharp increase risk of death at concentrations below
50 nmol/L. In another cohort study (UK Biobank, EPIC-
CVD and two Copenhagen population studies) utilizing
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Table 3 The association between serum 25(0OH)D concentrations with all-cause and CVD mortality

Serum 25(OH)D concentrations (nmol/L)

<50(n=772)

50to<75(n=1061) >75(n=1397)

All-cause mortality
Number of deaths 485
Crude HR (95%Cl)
Adjusted HR (95%Cl)?

CVD mortality
Number of deaths 164
Crude HR (95%Cl)
Adjusted HR (95%Cl)?

reference
reference

reference
reference

593 537

0.79 (0.69,0.90) 0.68(0.59,0.79)
0.83(0.71,0.97) 0.75 (0.64,0.89)
228 188

0.86 (0.68,1.09) 0.69 (0.54,0.88)
0.87 (0.68,1.10) 0.77 (0.59,<1.0)

Abbreviation: CVD Cardiovascular disease

@ Adjusted for age, sex, race, education, smoking status, BMI, recreational activity, UACR, eGFR, total cholesterol, triglycerides, comorbidities (hypertension, diabetes,

CVD, CCl), and co-medications

population-based Mendelian randomization analysis also
showed a non-linear dose-response relationship of vita-
min D with coronary heart disease, stroke and all-cause
mortality [21]. They observed an inverse correlation
between genetically predicted 25(OH)D concentrations
and all-cause mortality up to 40 nmol/L. This association
is usually nonlinear. Mortality decreases with increas-
ing concentrations of 25(OH)D until a certain inflection
point, beyond which further mortality declines are not
observed. An inflection point at 90 nmol/L was observed
in this older CKD population, beyond which no further
reduction of death was shown. The finding suggest that
vitamin D requirements is differs in various disease, and
older patients with CKD may need relatively higher levels
of vitamin D. Mendelian randomization studies require
consideration of instrumental variables. Because genes
are randomized and polymorphic, this may lead to large
differences in study results across populations. How-
ever, our research is a nationally representative survey
with a complex, multi-stage sampling design. The vari-
ables are simple, standardized and comprehensive, there-
fore the findings of the study may be more robust and
representative.

There is few evidence shown beneficial effects of vita-
min D supplement on clinical outcomes. In the general
population, vitamin D supplementation has not signifi-
cantly reduced mortality from all-causes or CVD [22,
23]. One possibility is that people with vitamin D defi-
ciency or severe deficiency were excluded from the
study. Furthermore, the effects of vitamin D supplement
on all-cause and CVD mortality in CKD individuals are
controversial [19, 24]. This may be because there is no
further reduction in mortality when serum vitamin D
concentrations reach a certain threshold. Our analysis of
data from a nationally representative population-based
survey showed an L-shaped relationship between serum

25(OH)D concentrations and all-cause and CVD mor-
tality, which could partially explain these controversies.
Future randomized controlled trials need to fully account
for this L-shaped relationship.

There are several possible mechanisms explaining
the association between lower 25(OH)D levels and an
increased risk of mortality. Numerous diseases that cause
death have been linked to low vitamin D levels, such as
dyslipidemia, hypertension, and diabetes [25-27]. More-
over, low vitamin D levels are associated with coronary
artery calcification, thickening of the carotid intima-
media and other cardiovascular disease [28—30]. These
conditions may therefore constitute a risk of mortality,
while high levels of vitamin D may reduce signal between
renin, angiotensin and aldosterone, improve endothelial
dysfunction and modulate immune function [31-33].
By inhibiting macrophage migration and cholesterol
uptake, suppressing foam cell formation, and reversing
atherogenic cholesterol metabolism, it attenuates athero-
sclerosis [34, 35]. There is evidence that secondary hyper-
parathyroidism associated with low vitamin D levels
increases all-cause and CVD mortality in multiple ways.
In addition, it activates the RAS system, worsens hyper-
tension, and exacerbates anemia by exacerbating abnor-
malities in calcium and phosphorus metabolism and
thus vascular calcification [36—38]. Nevertheless, further
mechanistic studies are needed to better understand
how vitamin D prevents all-cause and CVD mortality in
patients with CKD.

Strengths of our study include the prospective study
design, relatively large sample size, and a nationally
representative sample of older Americans with CKD,
which facilitates replication. As well, this study had suf-
ficient statistical power due to the substantial number
of deaths during a long period of time. Moreover, we
adjusted for multiple potential confounders based on the
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Subgroup Vitamin D Events/Total HR (95%CI) P for interaction
eGFR, ml/min/1.73m? <45 <50 202/282 Reference 0.860

H 0.82(0.62-1.07)

0.71(0.54-0.94)

50 to <75 213/335
275 216/490
=245 <50 283/490 Reference
0.84(0.72-0.98)
0.77(0.64-0.93)
Reference 0.399
0.75(0.59-0.94)

0.69(0.54-0.88)

50 to <75 380/726
275 321/907
Sex Male <50 217/321
50 to <75 336/567
275 271/658
Female <50 268/451 Reference
H  0.89(0.73-1.10)
0.79(0.66-0.95)
Reference 0.912
0.81(0.68-0.97)
0.74(0.61-0.90)

50 to <75 257/494
275 266/739
CVD No <50 256/451
50 to <75 307/640
275 303/881
Yes <50 229/321 Reference
H 0.86(0.67-1.09)
0.77(0.59-0.99)
Reference 0.019
0.81(0.67-0.98)
0.66(0.54-0.82)

50 to <75 286/421
=75 234/516
BMI, kg/m? <30 <50 287/416
50 to <75 391/650
=75 387/934
=30 <50 198/356 Reference

0.83(0.63-1.09)

— 0.97(0.73-1.28)
Reference 0.463

50 to <75 202/411

=75 150/463

Race non-White <50 231/415

50 to <75 124/340 0.68(0.49-0.95)

=75 89/378 0.72(0.55-0.95)

White <50 254/357 Reference

0.85(0.72-1.01)
0.75(0.62-0.90)

Reference 0.097
— 0.93(0.68-1.26)

0.62(0.45-0.87)

50 to <75 469/721
=75 448/1019
Hypertension No <50 77117
50 to <75 121/218
=75 92/260
Yes <50 408/655 Reference
0.81(0.68-0.97)
0.78(0.65-0.94)
Reference 0.167
0.77(0.63-0.93)
0.68(0.54-0.85)

50 to <75 472/843
=75 445/1137
Diabetes No <50 271/424
50 to <75 388/673
=75 344/906
Yes <50 214/348 Reference
—  0.93(0.74-1.18)

— 0.88(0.69-1.13)
—

0.5 1 13
Fig. 2 Association between serum 25(0OH)D concentrations and all-cause mortality in various subgroups. Hazard ratio (HR) was adjusted for age,
sex, race, education, smoking status, BMI, recreational activity, UACR, eGFR, total cholesterol, triglycerides, comorbidities (hypertension, diabetes,
CVD, CCl), and co-medications. Abbreviation: eGFR, estimated glomerular filtration rate; CVD, Cardiovascular disease

50 to <75 205/388
275 193/491

bp B gy by ag 1 pfoip o fp fp iy 11 17 i
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understanding of elderly population, that improved the
validity and robustness of our conclusions. There are also
some limitations to be considered. First, because it was
an observational study, residual confounding factors are
possible. Second, serum 25(OH)D concentrations were
measured only once, which may underestimate the true
association of interest [39]. Third, the current study did
not assess vitamin D metabolite ratios (e.g., the ratio of
serum 25[OH]D to 1,25[OH]2D could be used as a sur-
rogate for 24-hydroxylase) and genetic variation in genes
related to vitamin metabolism [19]. Third, this study
defined CKD as eGFR <60 ml/min/1.73 m? It should be
cautious when generalizing the finding to patients with
albuminuria and hematuria alone. Finally, the role of
psychosocial stress or genetic susceptibility cannot be
excluded in the current study.

Conclusions

In a nationally representative sample of older people with
CKD, we found a L-shaped association between serum
25(OH)D concentrations with all-cause and CVD mor-
tality, with the plateau at 90 nmol/L. The threshold of
90 nmol/L may be a target for interventions to reduce the
risk of death.
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