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Abstract
Background—Low 25 hydroxyvitamin D (25[OH]D) levels are common among patients with
non-dialysis-dependent chronic kidney disease (CKD). The associations between low 25(OH)D
levels and mortality among non-dialysis dependent CKD patients are unclear.

Study Design—Retrospective cohort study.

Setting & Participants—Patients with stages 3–4 CKD (estimated glomerular filtration rate of
15–59 ml/min/1.73m2) (n = 12,673) who had 25(OH)D levels measured after the confirmation of
CKD in Cleveland Clinic Health System.

Predictor—Levels of 25(OH)D categorized into 3 groups: 25(OH)D <15 ng/ml, 15–29 ng/ml.
and ≥ 30 ng/ml

Outcomes—We examined factors associated with low 25(OH)D levels and associations between
low 25(OH)D levels and all-cause mortality (ascertained using the Social Security Death Index
and our electronic medical record) using logistic regression, Cox-proportional hazard models and
Kaplan-Meier survival curves.

Measurements—25(OH)D was measured using chemiluminescence immunoassay.

Results—Out of 12,763 CKD patients, 15% (n=1970) had 25(OH)D <15 ng/ml while 45%
(n=5749) had 25(OH)D 15–29 ng/ml. Male gender, African American race, diabetes, coronary
artery disease and lower eGFR were significantly associated with 25(OH)D <30 ng/ml. A graded
increase in the risk for 25(OH)D <30 ng/ml was evident across increasing BMI levels. Patients
who had 25(OH)D levels measured in Fall through Spring had higher odds for 25(OH)D <30 ng/
ml. After covariate adjustment, CKD patients with 25(OH)D <15 ng/ml had a 33% increased risk
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for mortality (95% CI, 1.07–1.65). The 25(OH)D 15–29 ng/ml group did not exhibit a
significantly increased risk for mortality (HR, 1.03; 95% CI, 0.86–1.22) compared to patients with
25(OH)D ≥30 ng/ml.

Limitations—Single center observational study, lack of data on albuminuria and other markers
of bone and mineral disorders, and attrition bias

Conclusions—25(OH)D <15 ng/ml was independently associated with all-cause mortality in
non-dialysis dependent CKD.

Keywords
Chronic kidney disease; vitamin D deficiency; mortality; obesity

Low 25 hydroxyvitamin D (25[OH]D) levels are common in patients with chronic kidney
disease (CKD) and the prevalence of this condition increases as kidney function becomes
more severely reduced1, 2. With a growing CKD population, the scope of this public health
problem is expected to escalate3. Several factors such as increasing age, African American
race, and comorbid conditions like diabetes and hypertension have been consistently
associated with low 25(OH)D levels in individuals with both dialysis dependent and non-
dialysis dependent CKD4, 5. Analysis from NHANES III (the Third National Health and
Nutrition Examination Survey) showed an inverse association between BMI and 25(OH)D
levels in persons with CKD6 while a longitudinal study found no such associations7. While
seasonal variations in 25(OH)D levels have been reported in the general population and in
dialysis patients, they have not been studied systematically in non-dialysis dependent
CKD8,9.

In the general population, low 25(OH)D levels are associated with cardiovascular risk
factors, cardiovascular disease and all-cause mortality10, 11. Recently, a cross-sectional
study with stages 4 and 5 CKD reported a negative association between serum levels of
25(OH)D and vascular calcification12. Evidence linking low 25(OH)D levels and
cardiovascular risk factors in non-dialysis dependent CKD has been accumulating in the
recent years13. In the NHANES analyses, a positive association was reported between low
25(OH)D levels and mortality among persons with CKD defined as either estimated
glomerular filtration rate (eGFR) < 60 ml/min/1.73 m2 or the presence of
microalbuminuria6. Similarly, in a single-center study, Ravani et al reported independent
associations between low 25(OH)D levels and all-cause mortality7. But, another
community-based study did not identify an association between 25(OH)D levels and
cardiovascular mortality among community dwelling adults14.

Thus, in the present study, we investigated the factors associated with low 25(OH)D levels
and the association of low 25(OH)D levels and all-cause mortality among stage 3 and stage
4 CKD patients (eGFR of 15–59 ml/min/1.73 m2) followed in our health care system.

Methods
Electronic Health Record-based CKD registry

We conducted an analysis using our electronic health record-based CKD registry and
followed STROBE guidelines in the conduct of this retrospective analyses. The
development and validation of an electronic health record-based CKD registry at Cleveland
Clinic has been described in detail elsewhere15; we provide a brief summary of relevance to
this study.
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Patients who met the following inclusion criteria as of January 1, 2005 were included in this
CKD registry: patients who had at least one in-person encounter as an outpatient with a
Cleveland Clinic health care provider and a) had two estimated glomerular filtration rate
(eGFR) values <60 ml/min/1.73 m2 (using either the 4-variable Modification of Diet in
Renal Disease [MDRD] Study equation or the CKD Epidemiology Collaboration [CKD-
EPI] equation) more than 90 days apart and b) patients with International Classification of
Diseases (ICD-9) diagnosis codes (used at least twice in an outpatient encounter) for CKD,
polycystic kidney disease, glomerulonephritis, diabetic nephropathy, hypertensive
nephrosclerosis and renovascular disease16. Patients aged <18 years old, and those who were
already diagnosed with end stage renal disease (ESRD) needing renal replacement therapy
were excluded. Patients who met the inclusion/exclusion criteria until March 2010 were
included in this analysis.

Demographic information, comorbid conditions, prescribed medications, laboratory data,
imaging, and clinical measures of CKD patients are included in the registry. Previously, we
validated the ICD-9 codes used to identify the registry cohort and the comorbid conditions
such as diabetes mellitus, hypertension, coronary artery disease, cerebrovascular disease,
congestive heart failure, and hyperlipidemia using pre-specified validation criteria.
Additionally, the CKD registry has been linked with the Social Security Death Index to
obtain details about mortality rates for the study cohort.

Definitions and outcome measures
Kidney function—For this study, we applied the CKD-EPI equation to patients who had
two serum creatinine levels measured 90 days apart as of January 2005 and included patients
who had two eGFR values between 15–59 ml/min/1.73 m2 more than 90 days apart
corresponding to CKD stage 3 or 4 according to the current classification system. All
creatinine measurements were performed by the modified kinetic Jaffe reaction, using a
Hitachi 747–200 Chemistry Analyzer (1996 to 2001) or a Hitachi D 2400 Modular
Chemistry Analyzer thereafter (Roche Diagnostics, Indianapolis, IN) in our laboratory.

25 hydroxyvitamin D—25(OH)D is measured by chemiluminescence immunoassay using
Liaison automated platform (Diasorin Inc. Stillwatwer, MN) in our laboratory. Within- and
between-run imprecision of 25(OH)D varied between 4–7% and 6–10% respectively. Only
outpatient laboratory measures were included in this analysis. The first measured 25(OH)D
values after the patient was included in the registry based on the eGFR criteria described
above were used for this analysis.

Demographics, Comorbid conditions and laboratory parameters—
Demographics, such as age, sex, race/ethnicity, were extracted from the electronic health
record. Diabetes mellitus, hypertension, coronary artery disease and other comorbid
conditions were defined using prespecified criteria and previously validated15. 25(OH)D
levels and other relevant outpatient laboratory details (hemoglobin, serum phosphorus,
albumin, and calcium levels) were obtained electronically from our laboratory records.

Mortality—The primary outcome of interest was all-cause mortality which was ascertained
from linkage of our registry with the Social Security Death Index. Patients were followed
from their date of inclusion in the registry until March 2010.

Statistical analysis
We first compared baseline characteristics between CKD patients with measured 25(OH)D
levels and patients without measured 25(OH)D levels using Chi-square and t-tests for
categorical and continuous variables respectively. CKD patients with a measured outpatient
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25(OH)D were further classified into three groups by 25(OH)D level: <15 ng/ml, 15–29 ng/
ml, and ≥30 ng/ml. Associations of the baseline characteristics in these three groups were
assessed using Mantel-Haenszel Chi-square and ANOVA tests for categorical and
continuous variables respectively. A logistic regression analysis model was conducted to
assess the association between different BMI categories and the presence of 25(OH)D <30
ng/ml. We selected the variables that have shown prior associations with low vitamin D
levels in non-dialysis dependent CKD for adjustment and tested for collinearity. As such, we
adjusted for age, sex, race, BMI, eGFR, diabetes, hypertension, hyperlipidemia, malignancy,
congestive heart failure, cerebrovascular disease, coronary artery disease, season of
25(OH)D testing, serum albumin and hemoglobin and year of entry into our registry. For the
12,427 patients with mortality data, data were missing for the following variables:
hemoglobin (n=744; 6.0%), albumin (n=341; 2.7%), and BMI at CKD confirmation (n=404;
3.3%). We did not impute any data for these missing values.

To evaluate whether survival among persons with CKD was associated with 25(OH)D
levels, we used Kaplan-Meier plots and log-rank tests. The inception time for these plots
was the date when 25(OH)D was measured. We also used Cox proportional hazards models
to assess the association between the 25(OH)D level and mortality while adjusting for the
same covariates used in the logistic regression analysis. We generated the Cox models in
two different ways, testing log 25(OH)D as a continuous variable, and classifying it into <15
ng/ml, 15–29 ng/ml and ≥30 ng/ml based on previously utilized clinical criteria. We tested
all 2-way interactions between 25(OH)D level and each of the covariates included in the
Cox proportional hazards model.

All data analyses were conducted using Unix SAS version 9.2 (SAS Institute, Cary, NC),
and graphs were created using R 2.11.1 (The R Foundation for Statistical Computing,
Vienna, Austria). The CKD registry and this study were approved by the Cleveland Clinic
Institutional Review Board.

Results
Patient characteristics

We identified patients from our registry with stage 3 and 4 CKD using the CKD-EPI
equation (n=46,336). Of those, 12,763 (28%) had 25(OH)D levels measured after entry into
the registry and constituted the study population (Figure 1). The mean age of the study
cohort was 71.5 ± 11.7 years with 67% being females and 13% African Americans (Table
1). Patients who had 25(OH)D levels measured had more outpatient clinic visits, were more
likely to be female, and have diabetes, hypertension, or hyperlipidemia compared to patients
whose 25(OH)D levels were not measured (p<0.001).

There were significant differences in demographics and comorbid conditions between
patients with 25(OH)D levels ≥30 ng/ml, 15–29 ng/ml, and <15 ng/ml (Table 1). Patients
with lower 25(OH)D levels were younger, more likely to be African American, have
diabetes, and have a higher BMI than those with normal levels.

Factors associated with low 25(OH)D levels
A logistic regression model was conducted to evaluate independent factors associated with
low 25(OH)D levels. In the multivariable analysis, males had 32% higher likelihood than
females (95% CI, 1.22–1.44), African Americans had an 81% higher likelihood than
Caucasians (95% CI, 1.60–2.05) and diabetics had 43% higher likelihood than non-diabetics
(95% CI, 1.30–1.57) to have 25(OH)D <30 ng/ml (Table 2). Higher eGFR and the presence
of hyperlipidemia were associated with lower odds of having 25(OH)D <30 ng/ml. Being
tested in fall, winter or spring (compared to summer) was associated with higher odds of
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25(OH)D <30 ng/ml. A graded increase in the risk of 25(OH)D <30 ng/ml with increasing
BMI levels was noted.

25(OH)D levels and all-cause mortality
Among our study population, 97% (n=12,427) had mortality data and 767 of them died
during an average follow-up of 1.4 years (median of 1.2 years). The Kaplan-Meier analysis
showed significant differences in all-cause mortality for CKD patients in the different
25(OH)D groups (Log-rank p<0.001, Figure 2). Log-rank pair-wise comparisons indicated
that the 25(OH)D <15 ng/ml group had significantly different mortality from the other 2
groups (p < 0.001 for both) after adjustment for multiple comparisons. There was no
statistically significant difference between the group with 25(OH)D 15–29 ng/ml and that
with 25(OH)D ≥30 ng/ml for all-cause mortality (p = 0.2). To examine the effect of unequal
follow-up time for patients who entered the CKD registry earlier vs. later, we ran two
different Kaplan-Meier plots that included only patients with at least 6 months and 1 year of
follow-up, respectively. The proportion of the 3 groups of 25(OH)D did vary across year of
entry into our registry (data not shown), but there was no meaningful difference between the
Kaplan Meier survival curves for patients who had 6 and 12 month follow up and our
original survival curve that included all patients (Figure 2) and the qualitative conclusions of
the statistical analysis remained consistent.

In the unadjusted Cox proportional hazards model, there was a 53% increased risk for
mortality with 25(OH)D <15 ng/ml compared to 25(OH)D ≥30 ng/ml while the 25(OH)D
15–29 ng/ml group was not significantly different from 25(OH)D ≥30 ng/ml. When adjusted
for age, sex, race, BMI, eGFR, diabetes, hypertension, hyperlipidemia, malignancy,
congestive heart failure, cerebrovascular disease, coronary artery disease, season of
25(OH)D testing, serum albumin and hemoglobin, the hazard ratio for all-cause mortality
for 25(OH)D < 15 ng/ml vs. 25(OH)D ≥30 ng/ml was 1.33 (95% CI, 1.07–1.65)(Figure 3).
The 25(OH)D 15–29 ng/ml group did not have a significantly different hazard for mortality
from the 25(OH)D ≥30 ng/ml group (HR, 1.03; 95% CI, 0.86–1.22).

None of the 2-way interactions with 25(OH)D were significant, except for the interaction
between 25(OH)D and hemoglobin (p = 0.05). This interaction indicated that the protective
effect of hemoglobin was evident among patients with 25(OH)D 15 ng/ml and above but no
longer significant for the 25(OH)D <15 ng/ml group. In both the unadjusted and adjusted
Cox models using continuous log 25(OH)D, each unit increase in 25(OH)D levels was
associated with reduced risk for mortality (HR, 0.82; 95% CI, 0.70–0.96). None of the 2-
way interactions with log 25(OH)D included in the model were significant.

Other than 25(OH)D <15 ng/ml, older age, male gender, BMI <18.5 kg/m2 (vs. normal),
malignancy, congestive heart failure, and coronary artery disease were significantly
associated with a higher risk for mortality; In contrast, higher BMI levels (vs. normal range),
higher eGFR, hyperlipidemia, higher albumin and higher hemoglobin were associated with a
lower risk for mortality (data not shown). Race, diabetes, hypertension, cerebrovascular
disease and season of vitamin D testing were not significantly associated with increased
mortality. In our study population, 41% (n=5,122) also had serum phosphorus levels
measured. In this sub sample, serum phosphorus was not associated with mortality in either
the unadjusted (HR, 0.97; 95% CI, 0.85–1.10; p = 0.6) or adjusted models (HR, 0.98; 95%
CI, 0.87–1.10; p = 0.7).

Discussion
Among stage 3 and 4 CKD patients, our study found a positive association between male
gender, African American race, diabetes, coronary artery disease, higher BMI levels (>25
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kg/m2) and the presence of 25(OH)D <30 ng/ml. Patients who had 25(OH)D levels
measured from fall through spring had a higher risk for lower 25(OH)D levels when
compared to those who had it measured in summer. Increasing age and kidney function were
negatively associated with 25(OH)D <30 ng/ml. 25(OH)D <15 ng/ml was associated with a
34% higher risk for all-cause mortality after adjusting for demographic factors, comorbid
conditions, season of 25(OH)D measurement, kidney function and other potential
confounding laboratory parameters. 25(OH)D 15–29 ng/ml was not independently
associated with mortality.

Associations between race, diabetes and hypertension and 25(OH)D deficiency have been
previously documented in CKD4, 5, 17. Obesity is associated with low 25(OH)D levels in the
general population even after adjusting for factors such as low physical activity and low
vitamin D intake18. We noted an association between increasing BMI (>25 kg/m2) and low
25(OH)D levels. Sequestration of vitamin D in adipocytes and increased conversion of
25(OH)D to 1,25 dihydroxyvitamin D were proposed to account for the higher 25(OH)D
deficiency seen in obese non-CKD patients19, 20. While the former might be applicable to
the CKD population and might explain our results, the latter would be of less relevance in
CKD. More importantly, for clinical practice, these findings imply that CKD patients with
higher BMI might require a higher dose for a longer period of time to correct 25(OH)D
deficiency21. Further prospective studies are needed to address this question.

Seasonal variations of 25(OH)D levels have been reported in both general population and
dialysis patients8, 9, 22. In general, low 25(OH)D levels have been reported in winter months
in previous studies and most studies have classified these into summer and winter months. In
vivo and in vitro studies have shown that the lack of or reduced sun exposure in winter
months result in impaired Vitamin D synthesis23. We classified patients who had 25(OH)D
levels measured into 4 different seasons and noted that patients who had it measured during
the spring had the highest risk for vitamin D deficiency. This may be due to the fact that
spring measurement of 25(OH)D levels might reflect their lack of sun exposure in winter
months.

25(OH)D deficiency is associated with mortality in CKD and non-CKD populations.
Various mechanistic links have been proposed to explain these associations24–26. These
include suppression of the renin-angiotensin-aldosterone system, cardiac myocyte
hypertrophy, vascular calcification, and anti-inflammatory actions with vitamin D
supplementation. An analysis using NHANES III data that included both patients with low
eGFR and albuminuria, of which 70% of their study participants had stage 1 and stage 2
CKD, revealed a similar increased risk for all-cause mortality with 25(OH)D <15 ng/ml6.
Another single center study reported a higher risk for progression of kidney disease and
death with low 25(OH)D levels in patients with stage 2–5 CKD7.

In the NHANES analysis, the risk for death was higher in some subgroups compared to the
other (for instance, females had higher risk than males and hypertensives had higher risk
than non-hypertensives). However, we did not find any significant interaction in our analysis
that would suggest potential differences between various sub-groups. Similar to the
NHANES analysis, our study did not find an association between all-cause mortality and
25(OH)D 15–29 ng/ml6. A recent study reported a lack of association between 25(OH)D
levels and cardiovascular mortality14. However, we could not examine this because data
relating to exact cause of death (cardiovascular deaths vs. others) were not available.

Our study has significant strengths. This analysis has a large number of stage 3 and 4 CKD
patients, compared to the prior studies, followed in a large health care system with a
significant proportion of African American patients. Further, we were able to adjust for
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relevant confounding variables such as the season of measurement which were not included
in the previous studies. Strengths of our registry also include the prior validation of the
included comorbid conditions using standard definitions in the literature.

Apart from the inherent bias of an observational study, there are important limitations to
point out. We included patients with eGFR <60 ml/min/1.73 m2; however, patients with an
earlier stage of CKD (eGFR ≥60 ml/min/1.73 m2 with albuminuria and other structural
abnormalities) were not included. Thus, our findings may not be applicable to patients with
less severe forms of kidney disease. This analysis also suffers from attrition bias as we
included only patients who had 25(OH)D levels measured. We adjusted for several potential
confounding variables in this analysis but did not have consistently reliable data relating to
albuminuria and mineral and bone disorder parameters, independent predictors of mortality
in this population, and for which we could have seen different results. The overarching
caveat that should be applied to our retrospective study is that despite the strong associations
between mortality and low 25(OH)D levels in this cohort of CKD patients, no causal
relationship was demonstrated. Demonstration of causality will require prospective
interventions with 25(OH)D supplementation to show an effect on mortality27. However,
given the consistent significant and strong association noted in this and prior studies suggest
the urgent need for such clinical studies.

We cannot exclude the reverse causation in this analyses i.e., individuals who are near death
may develop lower 25(OH)D levels due to less sun exposure and poor nutrition.
Furthermore, we did not have sufficient information on Vitamin D supplementation or
repletion in this cohort. Females were overrepresented, suggesting a greater awareness of
bone disease and 25(OH)D in this population, especially with a higher incidence of
osteoporosis and thus greater utilization of 25(OH)D testing. Despite CKD and low
25(OH)D being widely prevalent, it is surprising that only 28% of CKD patients had their
25(OH)D levels measured and highlights the need for measuring 25(OH)D levels in stage 3
and 4 CKD patients. We did not have provider specific data to assess whether primary care
physicians differed from nephrologists in ordering these tests.

In summary, various demographic factors, comorbid conditions and timing of 25(OH)D
measurement are associated with 25(OH)D <30 ng/ml. 25(OH)D <15 ng/ml is
independently associated with all-cause mortality among patients with CKD. Future studies
should explore the mechanistic links that might explain the observed associations and
whether vitamin D supplementation could reduce mortality rates among patients with stage
3 and stage 4 CKD.
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Figure 1.
Flow chart of patients selection for analysis.

Navaneethan et al. Page 10

Am J Kidney Dis. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Kaplan-Meier survival curve based on 25(OH)D levels among CKD patients
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Figure 3.
Proportion of patients with 25(OH)D levels ≥ 30 ng/ml, 15–29 ng/ml and <15 ng/ml and the
hazard ratios for mortality for these subgroups.
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Table 1

Characteristics of CKD patients by 25(OH)D measurement status

Variable 25(OH)D
Not measured

25(OH)D
≥30 ng/ml

25(OH)D
15–29 ng/ml

25(OH)D
<15 ng/ml

No. 33573 5044 5749 1970

Age (y) 72.9 +/− 11.8** 72.3 +/− 11.1*** 71.6 +/− 11.7*** 69.3 +/− 12.9***

eGFR (mL/min/1.73 m2) 46.6 +/− 10.2** 48.1 +/− 9.2*** 47.5 +/− 9.8*** 45.2 +/− 10.7***

CKD stage

    3a (eGFR = 45–59 ml/min/1.73 m2) 21189 (63)* 3547 (70)*** 3953 (69)*** 1159 (59)***

    3b (eGFR = 30–44 ml/min/1.73 m2) 9264 (28)* 1220 (24)*** 1359 (24)*** 584 (30)***

    4 (eGFR = 15–29 ml/min/1.73 m2) 3120 (9)* 277 (5)*** 437 (8)*** 227 (12)***

No. of encounters in EHR 160 +/− 127** 233 +/− 161*** 244 +/− 164*** 267 +/− 182***

Male gender, 16726 (50)* 1470 (29)*** 2112 (37)*** 660 (34)***

African Americans, 3867 (12)* 415 (8)*** 670 (12)*** 556 (28)***

Diabetes, 6435 (19)* 986 (20)*** 1626 (28)*** 777 (39)***

Hypertension, 26428 (79)* 4569 (91)*** 5270 (92)*** 1844 (94)***

Coronary artery disease, 6833 (20)* 877 (17)*** 1190 (20)*** 398 (20)***

Cerebrovascular disease, 2765 (8)* 463 (9) 534 (9) 221 (11)

Congestive heart failure, 2802 (8)* 283 (6)*** 338 (6)*** 171 (8)***

Malignancy, 7835 (23)* 989 (20) 1098 (19) 314 (16)

Hyperlipidemia, 24447 (73)* 4146 (82) 4752 (83) 1594 (81)

BMI Category

    <18.5 kg/m2 423 (1)* 75 (1)*** 42 (1)*** 28 (1)***

    18.5–24.9 kg/m2 7627 (23)* 1495 (30)*** 1152 (20)*** 314 (16)***

    25–29.9 kg/m2 11021 (33)* 1875 (37)*** 2026 (35)*** 569 (29)***

    30–34.9 kg/m2 6603 (20)* 873 (17)*** 1349 (23)*** 453 (23)***

    35–39.9 kg/m2 2787 (8)* 348 (7)*** 606 (11)*** 280 (14)***

    ≥40 kg/m2 1866 (6)* 193 (4)*** 389 (7)*** 265 (13)***

    Missing 3246 (10)* 185 (4)*** 185 (3)*** 61 (3)***

Albumin (g/dl) 4.21 +/− 0.36*** 4.16 +/− 0.38*** 4.05 +/− 0.47***

Hemoglobin (g/dl) 13.0 +/− 1.5*** 12.9 +/− 1.7*** 12.4 +/− 1.7***

Phosphorus (mg/dl) 3.58 +/− 0.68*** 3.60 +/− 0.73*** 3.71 +/− 0.91***

Note: 25(OH)D measurement status based on tests performed after CKD was confirmed. Continuous variables given as mean +/− SD; categorical
variables as number (percentage). Conversion factors for units: albumin and hemoglobin in g/dL to g/L, ×10; phosphorus in mg/dL to mmol/L,
×0.3229.

*
Chi-square P≤0.01
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**
t-test P≤0.01 comparing patients with 25(OH)D measured vs all those not measured.

***
P<0.05 for differences among 3 measured 25(OH)D groups with. Mantel-Haenszel Chi-square used to assess binary and ordered categorical

variables against 3 ordered levels of vitamin D and ANOVA used for continuous variable.

Abbreviations: BMI, body mass index; CKD: chronic kidney disease, 25(OH)D: 25-hydroxy vitamin D, EHR, electronic health record; eGFR:
estimated glomerular filtration rate
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Table 2

Independent associations between low 25(OH)D level and clinically relevant covariates

Variable 25(OH)D <30 ng/ml

Age per 10-year increase 0.98 (0.95–1.02)

Male gender 1.32 (1.22–1.44)

African American race 1.81 (1.60–2.05)

eGFR (per 10 ml/min/1.73 m2 increase) 0.94 (0.90–0.97)

Diabetes 1.43 (1.30–1.57)

Hypertension 1.10 (0.96–1.25)

Hyperlipidemia 0.89 (0.81–0.98)

Coronary artery disease 1.13 (1.02–1.25)

Congestive heart failure 0.92 (0.79–1.09)

Season of vitamin D testing

    Fall vs. summer 1.15 (1.04–1.27)

    Winter vs. summer 1.24 (1.12–1.38)

    Spring vs. summer 1.39 (1.25–1.55)

BMI

    <18.5 kg/m2 vs. 18.5–24.9 kg/m2 0.96 (0.68–1.36)

    25–29.9 kg/m2 vs. 18.5–24.9 kg/m2 1.31 (1.19–1.44)

    30–34.9 kg/m2 vs. 18.5–24.9 kg/m2 1.90 (1.70–2.12)

    35–39.9 kg/m2 vs. 18.5–24.9 kg/m2 2.31 (1.99–2.68)

    ≥40 kg/m2 vs. 18.5–24.9 kg/m2 2.99 (2.48–3.59)

Note: Analysis pertains to associations after CKD confirmation. Values shown are odds ratio (95% confidence interval). Model was additionally
adjusted for the year of inclusion in the registry;

Abbreviations: 25(OH)D: 25-hydroxy vitamin D, eGFR: estimated glomerular filtration rate, BMI: body mass index
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