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Abstract 

 

The Role of Vitamin D in the All-Cause Mortality of General Population 

By Yi Wang 

 

This thesis is focused on investigating the association between vitamin D deficiency and 

all-cause mortality. We conducted analyses among a retrospective cohort of 1159 

patients, who were admitted to Emory hospital from 2008-2012 and had vitamin D tests. 

Of the1159 subjects, 77% had vitamin D deficiency (25-hydroxyvitamin D (25(OH)D) 

<30 ng/mL); 44% had chronic kidney disease (CKD) (defined as estimated glomerular 

filtration rate (eGFR) <=60 mL/min/1.73 m2); and 380 died during an average follow-up 

of 427.3 days.  We conducted survival analysis with the primary time-to-event outcome 

specified as time from admission to death.  Based on multivariate Cox regression, we find 

that older age and lower eGFR are significantly associated with a higher risk of mortality 

(P<0.001 for age; P<0.001 for eGFR). Although no statistically significant association 

between vitamin D deficiency and mortality is found after adjusting for age and eGFR 

(Hazard ratio, 1.049; 95% confidence interval, 0.822-1.337), our multivariate analysis 

detects a significant interaction effect between vitamin D deficiency and eGFR on 

mortality risk (P=0.0208). A further analysis stratified on vitamin D deficiency status 

suggests  that a decrease in eGFR in patients with vitamin D deficiency has a significant 

negative impact on mortality risk (Hazard ratio, 0.997; 95% confidence interval, 0.994-

1.000), while the effect of eGFR diminishes in patients with normal vitamin D level. 
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I Introduction 

1.1 Vitamin D Function Mechanism 

It is generally understood that vitamin D has both classic and non-classic functions in the body. 

The classic function of vitamin D is via the endocrine system.  In this system, vitamin D is 

converted to 25-hydroxyvitamin D (25(OH)D) in the liver, with subsequent conversion of 

25(OH)D to calcitriol (1,25(OH)2D) in the kidney, to maintain normal calcium homeostasis by 

promoting intestinal calcium absorption and resorption of calcium from bone. The non-classic 

function of vitamin D is via the autocrine/paracrine system to facilitate expression of genes not 

related to calcium homeostasis.  Through the local production of 1,25(OH)2D from 25(OH)D in 

non-calcium regulating tissues such as the colon, prostate, and breast, vitamin D is able to 

regulate various  tissue responses, including regulating cell growth and preventing cancer 

progression. [1] [2] 

1.2 Source of Vitamin D 

The major natural source of vitamin D is exposure to sunlight, whereas only a small part of 

vitamin D intake comes from daily-dietary intake since few foods contain vitamin D naturally.[3] 

Therefore, vitamin D deficiency is mainly associated with factors that impair or prevent 

cutaneous production of vitamin D [4] [5] Previous studies also shows that aging is associated with 

the result of decreased concentration of vitamin D in the skin;[6] Obesity is also a common cause 

of deficiency due to the fat sequestration of vitamin D.[7]  

1.3 Vitamin D Deficiency 

1.3.1 Vitamin D Status Classification 

Generally, the serum concentration of 25(OH)D is used to classify the vitamin D status. [8] 

However, there is no general agreement on the required serum 25(OH)D for an adequate vitamin 

D status. Most investigators agree that serum 25(OH)D concentration of <= 74 nmol/L, or 29 
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ng/mL, is considered to indicate vitamin D deficiency, whereas concentration >= 75 nmol/L, or 

30 ng/mL is considered to be sufficient.[9] Some UK studies also indicated that individuals with 

symptomatic osteomalacia or rickets have serum 25(OH)D concentrations of less than 25 nmol/L, 

or 10 ng/mL, reflecting profound vitamin D deficiency.[10] [11] 

1.3.2 Vitamin D Deficiency in General Population 

Nowadays, vitamin D deficiency has been an increasing public health problem with a high 

prevalence of general population over the world. [3] A study investigating the data from the 2005 

to 2006 National Health and Nutrition Examination Survey (NHANES) showed that the overall 

prevalence rate of vitamin D deficiency among 4495 US adult participants was 41.6% (defined as 

serum 25(OH)D ≤20 ng/mL), with a mean 25(OH)D level of 49.8 nmol/L.[12]  An earlier study 

using previous NHANES data showed a mean 25(OH)D level of 75 nmol/L in 1988–1994 

(n=18883) and a mean 25(OH)D level of 60nmol/L in 2001–2004 (n= 13369), indicating the 

decrease of average 25(OH)D level in the US general population.[13] Considering the risk factors 

associated with the vitamin D status in the body, possible factors that have likely contributed to 

the observed increasing trend of vitamin D deficiency could be the increased sunscreen use, the 

decreased outdoor activity,[14] and the increased obesity rate in US population.[7] [15] 

1.3.3 Consequences of Vitamin D Deficiency on Morbidity and Mortality 

In general population, vitamin D deficiency is a well-known factor of osteoporotic diseases.[16] [17] 

Furthermore, vitamin D deficiency might contribute to development and progression of various 

other common chronic diseases such as hypertension,[18] cardiovascular disease,[19] cancers like 

prostate,[20] breast,[21] lung[22] and several autoimmune conditions.[23] An inverse association 

between vitamin D status and all-cause mortality has been established in prospective cohort 

studies.[24] [25] Studies focusing on the cause-specific mortality reported significant inverse 

associations between vitamin D status and death caused by cardiovascular diseases, cancer, 
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diseases of the respiratory system, the digestive system, and by endocrine, nutritional and 

metabolic diseases.[25] [26]  

1.4 Vitamin D Status in Patients with Chronic Kidney Disease 

Vitamin D deficiency is common in most patients with chronic kidney disease (CKD). CKD 

patients have a significantly higher prevalence of vitamin D deficiency, that is, serum 25(OH)D 

level < 30 ng/mL.[27] [28] Possible reasons resulting in this situation of CKD patients include 

increased catabolism of circulating 25(OH)D; reduced conversion of circulating 25(OH)D to the 

more active vitamin D metabolite (1,25(OH)2D); and limited UVB-induced vitamin D synthesis 

in the skin with decreased outdoor activity.[19, 29-31] On the other hand, vitamin D deficiency itself 

may contribute to impaired kidney function.[28] [32]  

1.5 Chronic Kidney Disease (CKD) Definition and Stages 

According to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative, CKD 

is defined based on the combination of kidney damage (commonly quantified using albuminuria) 

and the level of kidney function (quantified as glomerular filtration rate (GFR) estimated from the 

serum creatinine concentration (Scr)). Individual either with kidney damage or with an estimated 

GFR (eGFR) <60 mL/min/1.73 m2 for 3 months are classified as having CKD.  

The CKD stages are based on the level of kidney function, irrespective of diagnosis, as follows: 

stage 1, persistent albuminuria with an eGFR higher than 90 mL/min/1.73 m2; stage 2, persistent 

albuminuria with an eGFR of 60 to 89 mL/min/1.73 m2; stage 3, an eGFR of 30 to 59 

mL/min/1.73 m2; stage 4, an eGFR of 15 to 29 mL/min/1.73 m2; and stage 5, an eGFR less than 

15 mL/min/1.73 m2.[33]  

1.6 Previous Studies Related to the Impact of Vitamin D deficiency on the Mortality of CKD 

Patients 



P a g e  | 4 

 

A meta-analysis of randomized controlled trials showed using vitamin D supplementation 

resulting in decreases in total mortality rates among frail elderly patients.[34] Previous 

observational studies showed, but not consistently, that higher serum 25(OH)D level are 

associated with significantly decreased mortality risk of CKD patients.[28, 35-43] A meta-analysis of 

10 prospective studies (1 case-control and 9 cohort studies) concluded a summary estimated dose-

response relative risk for the association of 25(OH)D level and mortality risk in CKD patients is 

0.86 (95% CI: 0.82-0.91).[44]  

1.7 An Overview  

In this thesis, we investigate the association between vitamin D deficiency and all-cause mortality 

through analyzing a retrospective cohort study, which included 1159 patients who were admitted 

to Emory hospital from 2008-2012 with vitamin D test records. In addition to vitamin D lab 

results, the dataset contains information on vital status, including eGFR results based on the 

Modification of Diet in Renal Disease (MDRD) formula, age, gender and relative disease 

diagnosis records. Of the 1159 subjects, 866(77%) had vitamin D deficiency (25(OH)D<30 

ng/mL) and 512(44%) had CKD (defined as eGFR<=60 mL/min/1.73 m2). Given 44% of the 

study subjects had CKD, we are interested in elucidating whether vitamin D deficiency are 

associated with all-cause mortality as well as whether the association is significant and modified 

among CKD patients. By separately examining each individual risk factor on mortality and then 

fitting a multivariate Cox regression model on mortality with vitamin D deficiency and other 

covariates, we investigate how vitamin D deficiency impacts all-cause mortality, We also use this 

dataset to evaluate the potential interacted effect between vitamin D deficiency and CKD status 

on mortality based on a multivariate Cox regression model and stratified Cox regression analyses. 

II Methods  

2.1 Data Description 
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The data were collected from 1159 patients admitted to Emory hospital with a vitamin D test 

from 2008 to 2012. The actual laboratory test of 25(OH)D level (ng/mL) was used as the 

measurement of vitamin D result. Our primary outcome of interest is all-cause mortality. Emory 

medical records and Social Security Death Index (SSDI) file were linked to our study cohort to 

obtain the decease status of subjects in our study. Survival times were calculated from the date of 

hospitalization date either until the date of death or until January 2012. The subjects who were 

alive after January 2012 were considered as censored subjects in the survival analysis. 

The eGFR (mL/min/1.73 m2) was calculated based on the Modification of Diet in Renal Disease 

(MDRD) formula, which was developed by Levey et al. in 1999 using 1628 subjects with CKD 

from the MDRD study group and was re-expressed for use with IDMS traceable creatinine assay 

in 2006.[45] The equation is shown as below.  

eGFR = 175 × Scr − 1.154 × (Age) − 0.203 ×  (0.742 ×  Ifemale) × (1.212 ×  IAfrican American) 

Ifemale = 1 if female, IAfrican American = 1 if African American 

Demographics, including age, gender were extracted from the electronic health records. The 

major diagnosis of disease present on admission, and the index for diabetes showed were also 

obtained from the records.  

2.2 Correlates of Vitamin D Analyses 

To evaluate the correlates of vitamin D deficiency, we first classified the patients into two groups 

by 25(OH)D level: the normal vitamin D group with 25(OH)D level >=30 ng/mL and vitamin D 

deficiency group with 25(OH)D level <30 ng/mL. As for the CKD status, we categorized patients 

into two groups: No CKD group (eGFR >=60 mL/min/1.73 m2) and CKD group (eGFR <60 

mL/min/1.73 m2). We compared baseline characteristics (gender, age, diabetes, eGFR and CKD 

status) between patients with normal vitamin D and those with vitamin D deficiency using 

Pearson Chi-square Test and analysis of variance (ANOVA) test for categorical and continuous 
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variables, respectively. The correlation analyses were conducted based on observed data; the 

missing data were not included into analyses. 

2.3 Survival Analyses 

First, we evaluated the marginal association of mortality with each potential risk factor. For the 

categorical covariates, including vitamin D level, gender, CKD status and presence of diabetes, 

we used the Kaplan-Meier estimator to estimate the survival function curves for different factor 

levels,[46] and then we used log-rank tests to assess whether mortality risk in the different factor 

levels significantly differs. The Kaplan-Meier estimator is written: 

SKM(t) = ∏(1 −
di

R(ti)
)

t

i=0

 

di = number of events at time ti;  R(ti) = number of events risk at time ti 

For the continuous covariates, including age and eGFR, we used the Wald test from a univariate 

Cox regression model to evaluate the association between mortality and each covariate 

respectively.[47] A Cox regression model (Cox proportional hazards model) assumes an underlying 

baseline hazard function λ0(t) and holds an assumption of a constant shift of the baseline hazard 

by non-zero covariate values (i.e., proportional assumption). A Cox regression model takes the 

form, 

λ(t|x) = λ0(t) exp(β′X), X = covariates 

Then a multivariate Cox regression model was used to assess the association between vitamin D 

deficiency and mortality. Covariates which have shown significant associations with mortality in 

the marginal test were added to the multivariate model. In addition, 2-way interaction items 

between vitamin D deficiency and another candidate covariate were also considered when we 

built the multivariate Cox regression model.  
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Upon the detection of a significant interaction term, we further performed stratified Cox 

regression models with the strata defined by the vitamin D level. We also performed formal tests 

to compare the coefficients between strata. A significant difference would indicate the 

corresponding covariate plays a different role in influencing mortality risk for subjects with 

vitamin D deficiency versus those with normal vitamin D level.   

Estimated hazard ratios with 95% confidence interval (95% CI) for the vitamin D deficiency and 

other covariates included in the final model were calculated and presented in the result section. 

2.3 Model Diagnosis 

We first tested the proportional hazards assumption for each covariate. This assumption means 

the hazard rates for two observations are proportional to one another and that proportionality is 

constant over time. We used a non-proportionality test based on the scaled Schoenfeld residuals 

to test the assumption.[48] At the jth event time 𝑡𝑖𝑗
 of the ith subject, the Schoenfeld residual is the 

difference between the ith subject covariate vector at 𝑡𝑖𝑗
 (𝑍𝑖(𝑡𝑖𝑗

)) and the average of the covariates 

vectors over risk set at time 𝑡𝑖𝑗
 

Uî (tij
) = Zi (tij

) − Z̅(β̂, tij
) 

An alternative to proportional hazards model is a time-varying coefficient model 

λ(t, Z) = λ0(t)exp (β(t)Z) 

Testing 𝛽(𝑡) = 𝛽, which indicates time-constant coefficients, is equivalent to testing for a non-

zero slope in a generalized linear regression of the Schoenfeld residuals on functions of 

time. Grambsch and Therneau gave a scaled Schoenfeld residual definition as the product of the 

inverse of the covariance matrix of residuals times the vector of residuals. The test statistics for 

covariate specific test is as follows.  

Tk =
{∑(gk − g̅)rk

∗}2

dIk ∑(gk − g̅)2
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where rk is the scaled Schoenfeld residual for covariate k, gk is the time scale (in this study we 

used log transformation of time) and g̅ as the average time scale, d are the survival time, Ik is the 

information matrix elements for covariate k. This test statistic follows a 𝜒2 distribution with 1 

degree of freedom for the covariate-specific version of the test. Test statistics that exceed 5% 

critical values are viewed as evidence to violate the proportional hazards assumption. The 

Schoenfeld residuals plot for each of the covariate in the model, including a Lowess smoothing 

curve versus time, were also generated to examine the proportional hazard assumption by looking 

at the slope. A plot of residuals versus time would be centered about zero if proportional hazards 

assumption holds. 

We also used Score residuals method to examine the influential observations on the estimation of 

coefficients. �̂� is the estimator of coefficient vector from fitting the Cox model based on all data; 

𝛽�̂� is the estimator of coefficient vector from the data with the jth observation removed. The 

approximation of difference of �̂� −  𝛽�̂� based on the Score residuals is  

�̂� − 𝛽�̂� ≈ ∆𝑗= 𝐼(�̂�)
−1

(𝑆𝑗1, … , 𝑆𝑗𝑝  )′ 

where 𝐼(�̂�)
−1

is the covariance matrix of �̂�; 𝑆𝑗𝑘  is the Score residuals and defined as 

𝛿𝑗{𝑍𝑗𝑘 − 𝑍𝐾
̅̅̅̅ (𝑇𝐽)} − ∑ {𝑍𝑗𝑘 − 𝑍𝐾

̅̅̅̅ (𝑡ℎ)}
𝑡ℎ≤𝑇𝑗

× 𝑒𝑥𝑝(�̂�′𝑍𝑗){𝐻�̂�(𝑡ℎ) − 𝐻�̂�(𝑡ℎ−1)} 

for j=1,..,n and k=1,…,p. The first term 𝛿𝑗{𝑍𝑗𝑘 − 𝑍𝐾
̅̅̅̅ (𝑇𝐽)} is Schoenfeld’s partial residual. 

Therefore, we used plots of approximate difference in estimated coefficients scaled by standard 

error for the coefficients against the subject number to gage the influence of the jth observation 

on each covariate respectively. 

To assess the overall fit of the Cox regression models, Cox-Snell residuals plots method was 

used. [49] The Cox-Snell residual is defined as 

𝑟𝑗 = 𝐻0̂(𝑇𝑗)exp (�̂�′𝑍𝑗) 
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where 𝐻0̂ is Breslow’s estimator of the baseline hazard rate; 𝑍𝑗 is the covariate vector for subject 

j; �̂� is the coefficient vector. If the model is correct and the �̂� ‘s are close to the true values, then 

the 𝑟𝑗’s should look like a censored sample from a unit exponential distribution. To check 

whether the 𝑟𝑗’s behave as a sample from a unit exponential, we could compute the Nelson–Aalen 

estimator of the cumulative hazard rate of the 𝑟𝑗 ’s. If the unit exponential distribution fits the 

data, this estimator then should be approximately equal to the cumulative hazard rate of the unit 

exponential (𝐻𝐸(𝑡) = 𝑡). Thus, a plot of the estimated cumulative hazard rate of the 𝑟𝑗, which is 

𝐻�̂�(𝑟𝑗 ), versus 𝑟𝑗 should be a 45º straight line through the origin if the model is good of fit.  

The nominal significant level for all the analyses was 0.05. Data analyses of Cox regression 

models were conducted using SAS version 9.4 (SAS Institute, www.sas.com); the analyses 

including Pearson Chi-square Test, ANOVA test, Kaplan-Meier plot, log-rank test, and model 

diagnosis were conducted using R 3.0.2 (The R Foundation for Statistical Computing, www.r-

project.org). All the graphs were generated using R3.0.2. R package “survival” (Therneau & 

Lumley, www.r-project.org) was used for Kaplan-Meier plot, log-rank test and model diagnosis.  

III Results 

(All of the tables/figures are in Appendix A) 

3.1 Participants Characteristics 

At baseline the study population (Table 1) has an average age of 64.77 ± 20.55 years (3 patients 

with missing values of age), 34% of the patients are male, 37% have diabetes records. Patients’ 

distribution by group of CKD status are 55% without CKD and 44% with CKD. The median 

value of eGFR is 68.77 mL/min/1.73 m2 (interquartile range: 30.64 mL/min/1.73 m2). 866(75%) 

of patients with 25(OH)D <30 ng/mL were categorized into vitamin D deficiency group. Among 

patients who do not have CKD, 70% are with vitamin D deficiency, while among those who have 

CKD, 81% are with vitamin D deficiency. By examining the factors correlated with vitamin D 
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deficiency level, there is no significant difference in age or gender or presence of diabetes among 

patients with vitamin D deficiency and normal vitamin D level (25(OH)D >=30 ng/mL). 

Conversely, eGFR is significantly lower among vitamin D deficiency group compared to the 

normal vitamin D group (P < 0.001). 

3.2 Marginal Association between Mortality and Potential Risk Factor 

Of the 1159 subjects in the study, 380 died during an average follow-up of 427.3 days (median 

329 days, range 2 - 1486 days). In crude analysis without adjustments, there is no significant 

difference in mortality risk for patients with low vitamin D level and patients with normal vitamin 

D level (P=0.677). By examining the marginal association of mortality with each covariate 

separately, neither gender nor presence of diabetes is significantly associated with mortality risk 

(P=0.07; P=0.377 respectively). Age is positively associated with mortality risk (P<0.001). A 

higher eGFR is significantly associated with a lower risk of mortality (P<0.001). Figure 1 

summarizes the marginal associations between mortality and each risk factor. 

3.3 Multivariate Survival Analyses 

Based on the test results of the marginal association of mortality with risk factors, we adjust age, 

eGFR for the multivariate Cox regression model of all-cause mortality with vitamin D level. 

Considering the eGFR is significantly lower in patients with vitamin D deficiency compared to 

that in patients with normal vitamin D, the 2-way interaction between vitamin D deficiency and 

eGFR is also added into the Cox regression model. A fitted model was shown as below: 

h(t) = h0(t) exp(β1Ivitamin D deficiency + β2eGFR + β3Age + β4Ivitamin D deficiency × eGFR)     (1)     

The hazard ratio (HR) for mortality among patients with vitamin D deficiency compared to 

patients with normal vitamin D level is 1.049 (95% CI, 0.822 – 1.337; Table 2), indicating a non-

significant impact of vitamin D deficiency on all-cause mortality. However, the local Likelihood 

Ratio test shows the interaction between vitamin D deficiency and eGFR is significant in the 
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model (1) (P=0.0265, Table 2). This indicates that the impact of eGFR on all-cause mortality 

among patients with normal vitamin D might be different from those with vitamin D deficiency.  

To examine this hypothesis, we then stratified the study subjects by vitamin D levels (normal and 

deficiency) and conducted survival analyses by strata, adjusting for age, eGFR. The fitted 

stratified models are as below, where  h1(t) is the model for patients with normal vitamin D and 

h2(t) is the model for patients with normal vitamin D. 

h1(t) = h01(t)exp(β11eGFR + β21Age)                                  (2) 

h2(t) = h02(t)exp(β12eGFR + β22Age)                                  (3) 

Table 3 gives a summary of the estimates for model (2) and (3). After adjustment, for the patients 

with normal vitamin D, the HR for all-cause mortality with 1 mL/min/1.73 m2 increase in eGFR 

is 1.004 (95% CI, 0.988-1.009; Table 3). For the patients with vitamin D deficiency, the HR for 

all-cause mortality with 1 mL/min/1.73 m2 increase in eGFR is 0.997 (95% CI, 0.994-1.000; 

Table 3).  The coefficients of eGFR in model (2) and model (3) are significantly different 

(P=0.014). Therefore the negative impact of a higher eGFR on mortality risk is indicated to be 

evident among patients with vitamin D deficiency, but is no longer significant for patients with 

normal vitamin D. An older age is significantly associated with a higher risk of mortality in 

model (1), model (2) and model (3) (Table 1-3).   

We then add eGFR2 into the stratified models to see if there is a non-linear association between 

eGFR and mortality.  

h3(t) = h03(t)exp(β13eGFR + β23Age + β33eGFR2)                                 (4) 

h4(t) = h04(t)exp(β14eGFR + β24Age + β34eGFR2)                                  (5) 

Model (4) and model (5) are the models with eGFR2 for normal vitamin D group and vitamin D 

deficiency group respectively. In the summary estimates of these two models (Table 4), the local 

Likelihood Ratio Test results show that neither eGFR nor eGFR2 is significant in model (4) and 
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the HR for all-cause mortality with one unit  increase in eGFR at 60 mL/min/1.73 m2 is 1.000 

(95% CI, 0.993-1.007). Inversely, both the eGFR and eGFR2 are found to be significant in model 

(5), with a HR of 0.994 (95% CI, 0.991-0.997) on mortality with one unit increase in eGFR at 60 

mL/min/1.73 m2. This still indicates eGFR has a stronger impact on the mortality among patients 

with vitamin D deficiency.  

3.4 Model Diagnosis 

The results from testing the proportional hazards assumption for model (1) suggest that the 

proportional hazards assumption may be adequate for each covariate in the model (P>0.5 for all 

covariates). The plots based on Schoenfeld residuals for each covariate are close to zero and thus 

give a result consistent with the hypothesis test results (Figure2-4).  

Looking at the Score residuals method plots for each covariate in model (1) (Figure 5), we find 

subject ID 895 and 997 have obvious impact on the estimation of the coefficients for vitamin D 

deficiency and eGFR; subject ID 74 have large influence on estimated coefficient for eGFR; 

several more subjects have higher impact on the coefficient estimates of age (ID 170, 513 and 

718), but with a relative smaller scale. For example, subject ID 897 who was 25.74 years old and 

had a normal vitamin D level, with a 294.3016 mL/min/1.73 m2 eGFR, but only had a survival 

time of 26 days, while based on the full sample analysis, he/she should live much longer. 

The Cox-Snell residuals plot for model (1) suggests that the model does not fit too badly, except 

for a tail where the variability in the estimate of the cumulative hazard rate is large (Figure 6). For 

model (2)-(5), all the Cox-Snell residual plots show a larger variability of the estimate of the 

cumulative hazard rate in the tails, but still suggest a not bad fitting result. Without considering 

the tail part, the estimates of model (3) and model (5) are closer to the 45o line than that of model 

(2) and model (4), indicating the models for vitamin D deficiency group fit better than the models 

for normal vitamin D. Comparing the Cox-Snell residuals plots for model (1)-(5), we can see the 

estimates for stratified models (model (2)-(5)) lie more above the 45º line. This could support the 
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opinion that stratified models fit better than the unstratified model (model (1)), which means the 

impact of CKD status might do have a different impact among patients with different vitamin D 

levels. 

IV Discussion 

This study shows eGFR have a stronger and significant negative impact on the risk of all-cause 

mortality among patients with vitamin D deficiency (25(OH)D<30 ng/mL), compared to an 

observed insignificant impact on mortality risk among patients with normal vitamin D status. One 

unit increase in eGFR at a baseline of 60 mL/min/1.73 m2 would have a 0.994 lower risk for all-

cause mortality. This finding is consistent with the results from previous study that kidney disease 

and vitamin D deficiency have an interacted effect on all-cause mortality. However, no 

significant association between vitamin D deficiency and all-cause mortality is found among our 

whole study population. The similar conclusion is obtained from the two subgroups, patients with 

CKD and patients without CKD. We also try different cutoffs of 25(OH)D level to define vitamin 

D deficiency. As an alternative, 25(OH)D < 15 ng/mL is considered as a more strict definition of 

vitamin D deficiency. The results based on the cutoff of 15 ng/mL as vitamin D deficiency are 

consistent with our findings based on the cutoff of 30 ng/mL. 

One major limitation of  our study is that we may not have sufficient potential confounders in the 

dataset to be well sampled and controlled, so as to allow for an independent assessment of the 

impact of vitamin D deficiency on all-cause mortality. From the findings on previous studies, 

some factors like the season and race, are the risk factors associated with vitamin D level in the 

body. Therefore, ignoring the seasonal variation of 25(OH)D test results and the race information 

of our study subjects could lead to attenuation of the effect of vitamin D on mortality. Besides, 

based on the model diagnosis conducted in our previous analysis, several individual observations 

who showed a heavy influence on the estimations also need a further investigation. The 
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association between vitamin D deficiency and cause-specific mortality is another analysis which 

can be done in the future. 

In our study, we follow a traditional purposeful selection method to build the multivariate model, 

i.e., fitting a multivariable model containing all variables that are significant in a univariate 

analysis and then checking nonlinearity and interaction. This method can be easily conducted 

since we have only a few covariates here. If there will be more covariates included in the future, a 

more appropriate and accurate variable selection method should be used. For example, the Lasso 

method can be used to reduce the model dimension to provide parsimonious interpretation while 

ensuring good prediction accuracy.[50] 
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Appendix A 

Table1. Characteristics of study participants at baseline by vitamin D status 

 

All 

N=1159 

Low Vitamin D 

（25D <30 ng/mL） 

N=866 

Normal Vitamin D 

（25D >=30 ng/mL） 

N=293 P-Value 

Agea (N=1156) 64.77 ± 20.55 64.60 ± 19.36 65.52 ± 23.65 0.505d 

Gendera      

    Male 398 (34.34) 288 (33.26) 110 (37.54) 0.1817c 

    Female 761 (65.66) 578 (66.74) 183 (62.46)  

     

eGFRb (N=1155) 66.20 (59.58) 62.80 (64.77) 76.50 (47.47) <0.001d 

CKD stage groupa     

    CKD (eGFR>=60) 643 (55.48) 451 (52.14) 192 (66.21) <0.001c 

    No CKD 

(eGFR<60) 

512 (44.18) 414 (47.86) 98 (33.79)  

    Missing 4 (0.34)    

Diabetesa      

    Yes 431 (37.12) 339 (67.94) 92 (73.02) 0.3204c 

    No 195 (16.80) 160 (32.06) 34 (26.98)  

    Missing 535 (46.08)    

    25D, 25-hydroxyvitaminD; CKD, chronic kidney disease;  

    eGFR, estimated glomerular filtration rate 

    a Categorical variable statistics showed as N(%);Continuous variable statistics showed as Mean 

± SD 

    b Continuous variable highly skewed; statistics showed as Median(interquartile range) 

    c P-value for Pearson Chi-Square Test (two-sided)       

    d P-value from ANOVA test          

    e P-value from ANOVA test based on transformation log(eGFR)  
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Table2. Summary of Estimates for Model (1)  

Variable 
Coefficient  

(β) 

Standard  

Error 

P-value Hazard  

Ratio 

95% CI of 

HR 

Vitamin D deficiency 0.5376 0.2528 0.0335 1.049a 0.822 1.337 

eGFR   0.0037 0.0025 0.1435 1.004b 0.999 1.009 

    0.997c 0.994 1.000 

Age 0.0245 0.0031 <0.0001 1.025d 1.019 1.031 

Vitamin D deficiency* eGFR -0.0068 0.0029 0.0208 - - - 
a Vitamin D deficiency vs. normal vitamin D at eGFR=72.5675 
b 1 unit increase in eGFR  for normal vitamin D level 
c 1 unit increase in eGFR  for vitamin D deficiency level 
d 1 unit increase in age 

 
 

Table3. Summary of Estimates for Model (2) vs. Model (3) 

Model   Variable 
Coefficient 

(β) 

Standard 

Error 
P-value 

Hazard 

Ratio 
95% CI 

(2)a eGFR 0.0039 0.0028 0.1622 1.004c 0.998 1.009 

 Age 0.0247 0.0060 <.0001 1.025d 1.013 1.037 

        

(3)b eGFR -0.0031 0.0015 0.0437 0.997c 0.994 1.000 

 Age 0.0242 0.0036 <.0001 1.025d 1.017 1.032 
a  model for patients with normal vitamin D, adjust for eGFR and Age 
b model for patients with vitamin D deficiency, adjust for eGFR and Age 
c 1 unit increase in eGFR   
d 1 unit increase in age 

 

 

Table4. Summary of Estimates for Model (4) vs. Model (5) 

Model   Variable 
Coefficient 

(β) 

Standard 

Error 
P-value 

Hazard 

Ratio 
95% CI 

(4)a eGFR -0.0032 0.0053 0.5522 1.000c 0.993 1.007 

 Age 0.0247 0.0061 <0.0001 1.025d 1.013 1.037 

 eGFR2 0.0000254 0.0000156 0.1019    

        

(5)b eGFR -0.0122 0.0029 <0.0001 0.994c 0.991 0.997 
 Age 0.0267 0.0037 <0.0001 1.025d 1.017 1.032 

 eGFR2 0.0000494 0.0001684 <0.0001    
a  model for patients with normal vitamin D, adjust for eGFR, Age and eGFR2 
b model for patients with vitamin D deficiency, adjust for eGFR, Age and eGFR2 
c 1 unit increase in eGFR  at 60 
d 1 unit increase in age 
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Figure 1. Hazard ratios, 95% confidence intervals (95% CI) and P values for all-cause mortality 

marginally associated with each risk factor 

 

Figure 2. Time-dependent coefficient estimates for vitamin D group based on scaled Schoenfeld-

residuals in model (1) 
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Figure 3. Time-dependent coefficient estimates for eGFR based on scaled Schoenfeld-residuals in 

model (1) 
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Figure 4. Time-dependent coefficient estimates for age based on scaled Schoenfeld-residuals in 

model (1) 



P a g e  | 24 

 

 

Figure 5. Influence observations for vitamin D group, eGFR, age and interaction of vitamin D 

group with eGFR in model (1) 
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Figure 6. Cox-Snell residual plots for model (1)-(5)  
 

 

 


