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Abstract
Objective: To investigate whether there was a causal relationship between serum vitamin D levels and chronic 
kidney disease (CKD), specifically focusing on estimated glomerular filtration rate (eGFR) and CKD stages, in 
the elderly population (aged 60 and above).
Participants: UK Biobank data were utilized for Genome-wide association study (GWAS) of serum vitamin 
D levels, involving 327,657 elderly participants. CKDGen Consortium were employed for kidney outcomes, 
including 133,814 participants for eGFR analysis and 117,165 participants for CKD stages G3-G5 analysis, pre-
dominantly involving elderly individuals of European ancestry from various countries.
Methods: GWAS was performed to identify single nucleotide polymorphisms (SNPs) associated with vitamin D 
levels in UK Biobank. Based on these SNPs, Mendelian randomization (MR) analyses were conducted between 
vitamin D levels and kidney outcomes (eGFR and CKD stages G3-G5) in CKDGen Consortium. 
Results: 553 SNPs were found associated with vitamin D levels (p < 5 × 10−8), 17 of which were independent 
and available in CKDGen. We did not find robust evidence supporting effects of vitamin D levels on eGFR (OR 
= 0.9684, 95% CI: 0.9368-1.0081, p = 0.06080) or CKD stages G3-G5 diagnosis (OR = 1.0177, 95% CI: 0.8048-
1.2043, p = 0.60399) in the elderly population. Extensive sensitivity analyses corroborated these findings, 
further reinforcing the lack of significant casual impact of vitamin D levels on renal outcomes in the elderly 
population.
Conclusion: The present MR study indicated that vitamin D levels were unlikely to play a significant causal 
role in affecting eGFR or CKD stages in the elderly population.
Keywords: Mendelian Randomization, elderly population, vitamin D, chronic kidney disease, glomerular filtra-
tion rate, single nucleotide polymorphism 
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Introduction

Chronic kidney disease (CKD) is characterized by either 
kidney damage or estimated glomerular filtration rate 
(eGFR) below 60 mL/min per 1.73 m2 persisting for more 
than three months [1]. It is a progressive disorder that 
often leads to the need for renal replacement therapies, 
such as dialysis or kidney transplantation [1, 2]. CKD af-

fects individuals of all ages, but its prevalence is notably 
higher among the elderly population, afflicting approxi-
mately 40% of individuals aged 60 and above [3]. The 
primary risk factor for CKD is advancing age, which also 
correlates with the incidence of age-related comorbid 
conditions. Furthermore, aging contributes to detrimental 
alterations in kidney parenchyma, which can be attributed 
to cellular senescence and the accumulated impact of 
nephrotoxic agents administered throughout an individu-
al's lifetime [4].
The kidney has a pivotal role in the metabolism of vitamin 
D. Vitamin D is predominantly synthesized in the lower 
epidermal layers of skin through a photochemical process 
initiated by ultraviolet B radiation (UV-B) from sunlight 
or UV-B lamps [5]. It can also be obtained through dietary 
intake and supplementation. However, vitamin D from 
either skin synthesis or ingestion remains biologically 
inactive until it undergoes two successive hydroxylation 
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processes. The first hydroxylation takes place in the 
liver, and the second occurs in the kidneys, converting 
these inactive precursors into the physiologically active 
form of vitamin D. In the liver, vitamin D is converted to 
25-hydroxyvitamin D (25[OH]D, calcifediol) through the 
process of 25-hydroxylation. Subsequently, the kidney 
performs 1 alpha-hydroxylation on 25(OH)D to produce 
the active form of vitamin D, 1,25-dihydroxyvitamin D 
(1,25-(OH)2D, calcitriol) [6]. Several prospective cohort 
studies have reported that the prevalence of vitamin D de-
ficiency is elevated among CKD patients, and the propor-
tion increases as renal function declines [7-9]. Additional 
research has demonstrated an independent association 
between vitamin D deficiency and mortality in CKD [10, 
11]. In contrast, several recent studies have reported find-
ings that challenge earlier observational data. Teumer's re-
search revealed a negative correlation between circulating 
vitamin D metabolite levels and eGFR [12]. Meanwhile, 
Adi did not find strong evidence supporting the impact of 
25(OH)D on renal function, noting that reverse causation 
may introduce potential biases [13].
Mendelian randomization (MR) has become increasingly 
popular in recent epidemiological research to uncover 
causal relationships, particularly in studies of complex 
phenotypes such as those associated with kidney function 
[14]. The approach effectively reduces the influence of 
confounding variables and reverse causality, as these ge-
netic variants are fixed from conception [15]. The present 
research addresses methodological challenges by applying 
a two-sample MR analysis to investigate the causal effects 
of vitamin D levels on kidney function in the elderly pop-
ulation (aged 60 and above). By using genetic variants as 
instrumental variables, MR enables the inference of causal 
links between exposures (vitamin D levels) and outcomes 
(eGFR and CKD stages). 

Methods

Data source and study population

For the purpose of conducting a two-sample Mendelian 
randomization analysis, both exposure and outcome data 
were extracted from robust European population-based 

datasets (Figure 1). Our approach ensures methodologi-
cal consistency by using samples from the same ethnic 
background, thereby mitigating potential biases in SNP-
exposure and SNP-outcome associations that might arise 
due to varying patterns of linkage disequilibrium across 
different ethnic groups. Genetic instruments for vitamin D 
levels in the elderly population (aged 60 and older) were 
sourced from the UK Biobank, a large prospective cohort 
comprising over 500,000 participants [16]. We retained 
only participants who were aged 60 years or older, of Eu-
ropean ancestry, and possessed complete data for serum 
vitamin D levels and single-nucleotide polymorphisms 
(SNPs) in UK Biobank (n = 327,657). Genome-wide as-
sociation studies (GWAS) data from the Chronic Kidney 
Disease Genetics (CKDGen) Consortium were used for 
outcomes of eGFR and CKD stages [17, 18]. Glomerular 
filtration rates (GFRs) were estimated utilizing serum cre-
atinine levels, employing the Modification of Diet in Re-
nal Disease (MDRD) study equation. The methodologies 
employed to measure creatinine across different studies 
varied and included a modified kinetic Jaffe reaction and 
enzymatic isotope dilution mass spectrometry (IDMS)-
traceable method. The CKD stages G3-G5 participants 
were diagnosed with CKD stages from 3 (G3) to 5 (G5), 
based on eGFR < 60 mL/min per 1.73 m2. We retained 
only participants who were aged 60 years or older, of 
European ancestry, of complete SNPs information and 
possessed complete serum eGFR or CKD stages G3-G5 
diagnosed data in CKDGen Consortium (for eGFR n = 
133,814; for CKD G3-G5 n = 117,165).

Mendelian randomization analyses

To investigate the causal estimate of vitamin D levels on 
eGFR and CKD GFR categories 3 to 5, multiple MR algo-
rithms were employed. The MR analyses were conducted 
using the "TwoSampleMR" R package [19]. The inverse 
variance weighted (IVW) method was utilized for the 
main analysis, aggregating the Wald ratios of each SNP's 
effect on the outcome to derive a pooled causal estimate, 
and the statistical conclusions were primarily based on 
this method. The IVW method provides consistent and 
robust results when all instrumental variables (IVs) are 
valid and uncorrelated [20]. To assess the robustness of 
the IVW results, additional MR algorithms were applied, 
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Figure 1. Directed acyclic graph for MR 
analysis study design. We employed SNPs
associated with vitamin D levels as instrum-
ental variables to assess whether vitamin D 
levels have a causal impact on CKD (eGFR 
and CKD stages). To make causal inference 
for the effect of vitamin D levels on CKD, 
it is essential to assume that these selected 
SNPs are not associated with confounders 
(age, etc.) or the outcome.
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including the weighted median estimator, the simple 
mode, the weighted mode, and MR-Egger regression. The 
weighted median method could provide a robust effect es-
timate even if the cumulative weight of valid IVs exceeds 
50% [21]. MR-Egger regression was specifically imple-
mented to detect gene pleiotropy and to provide a causal 
estimate adjusted for such pleiotropy, indicated by an 
intercept term close to zero [22]. By employing these five 
MR methods, a comprehensive assessment of the causal 
relationships was facilitated.
The validity of genetic instruments (SNPs) in MR analy-
sis relies on three core assumptions. The first assumption 
mandates a strong association between the instruments 
and the exposure (vitamin D levels). Consequently, all 
SNPs associated with vitamin D levels must reach the 
genome-wide significance threshold of p < 5 × 10−8, and 
a window of 10,000 kb (r2 < 0.001) to confirm their inde-
pendence [23]. The second assumption dictates that the 
instruments cannot be associated with confounders dis-
torting the relationship between the exposure and the out-
come. To mitigate potential confounding effects from age 
and ancestry, our study restricted the included individuals 
who were aged 60 years or older and of European de-
scent. The third assumption requires that the instruments 
influence the outcome solely through their impact on the 
exposure, a concept known as the exclusion restriction 
criterion. Horizontal pleiotropy, where genetic variants 
affect the outcome via pathways other than the exposure, 
challenges the assumption. Hence, a series of sensitivity 
analyses were necessary, which would be described in the 
following part. 

Sensitivity analyses

MR-Egger intercept test was performed, focusing on the 
intercept to identify directional pleiotropy. An intercept 
statistically indistinguishable from zero (p < 0.05) sug-
gests the absence of horizontal pleiotropy among the 
genetic instruments. Additionally, the MR-PRESSO 

(Mendelian Randomization-Pleiotropy Residual Sum 
and Outlier) test was employed to detect and adjust for 
horizontal pleiotropy by removing outlier SNPs [24]. Co-
chran's Q test was utilized to examine SNP heterogeneity, 
with significant results (p < 0.05) indicating the potential 
invalidity of some genetic instruments. The robustness of 
the MR estimates was further evaluated using a leave-one-
out (LOO) analysis, where each SNP was sequentially 
omitted to observe the impact on the overall estimate. This 
approach helped identify any single SNP whose exclusion 
significantly altered the causal estimate, thereby assess-
ing the sensitivity of the results to individual outliers. The 
MR-Steiger directionality test was employed to determine 
whether the SNPs explained significantly more variance 
in exposure than outcome (the opposite might indicate re-
verse causation). 

Results

GWAS of vitamin D levels in UK biobank participants

In UK Biobank, 553 SNPs were associated with vitamin 
D levels (p < 5 × 10−8), 125 of which were available in the 
CKDGen GWAS. After removing SNPs that were in link-
age disequilibrium and 7 palindromic with intermediate 
allele frequencies, 17 SNPs were remaining for use in the 
following MR analyses.

Vitamin D levels and eGFR

The initial IVW analysis did not provide strong evidence 
for an association between vitamin D levels and eGFR in 
the elderly population (Table 1, Figure 2A, OR = 0.9684, 
95% CI: 0.9368-1.0081, p = 0.06080). This finding is 
consistent with results from other MR methods, includ-
ing MR-Egger (OR = 0.9782, 95% CI: 0.9155-1.0453, p 
= 0.5254), simple mode (OR = 0.9555, 95% CI: 0.9066-
1.0122, p = 0.1092), and weighted mode (OR = 0.9765, 
95% CI: 0.9558-1.0027, p = 0.05096), except weighted 
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Table 1. MR analysis of casual associations of vitamin D levels with eGFR and CKD stages G3-G5 in the elderly population.

Outcomes Sample size No. SNPs OR 95%CI P-Value

eGFR 133,814 17

MR-Egger 0.9782 0.9155-1.0453 0.52543562
Weighted median 0.9781 0.9582-0.9984 0.038850601

IVW 0.9684 0.9582-0.9984 0.060800103

Simple mode 0.9555 0.9066-1.0122 0.109212307
Weighted mode 0.9765 0.9558-1.0027 0.109212307

CKD G3-G5 117,165 17

MR-Egger 1.0234 0.6989-1.3014 0.637602768
Weighted median 1.0173 0.7855-1.2166 0.620609836

IVW 1.01774 0.8048-1.2043 0.603990448

Simple mode 1.3295 0.8009-1.8120 0.206133325
Weighted mode 1.0390 0.8501-1.1886 0.527748662
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median, which shows possible negative effect of vitamin 
D levels on eGFR (OR = 0.9782, 95% CI: 0.9155-1.0453, 
p = 0.0389) (Figure 3A). Overall, these results implied 
that vitamin D levels were unlikely to have a significant 
impact on eGFR.
Regarding the MR results for vitamin D levels and eGFR, 
an MR-Egger intercept p > 0.05 was observed, indicating 
no potential horizontal pleiotropy. Additionally, the MR-
PRESSO test did not detect any outlier SNPs or evidence 
of horizontal pleiotropic effects (p > 0.05). Consistent 
with these findings, Cochran's Q test revealed no signifi-
cant heterogeneity (p > 0.05). To assess the influence of 
individual SNPs on the overall MR estimate, the LOO 
analysis was conducted, demonstrating that one single 
SNP did not materially change the overall MR estimate 
(Figure 4A). Furthermore, the symmetry observed in the 
funnel plot supported the absence of significant heteroge-

neity and reinforced the stability of the results obtained 
from the initial IVW analysis (Figure 5A). The MR-Stei-
ger directionality test indicated that the causal direction 
turned out to be TRUE (Table 2).

Vitamin D levels and CKD stages G3-G5

In the IVW MR analysis, there was no significant as-
sociation between vitamin D levels and CKD stages G3-
G5 among geriatric patients (Table 1, Figure 2B, OR 
= 1.0177, 95% CI: 0.8048-1.2043, p = 0.60399). The 
consistency of these findings was further supported by 
similar estimates across other MR algorithms. The MR-
Egger, weighted median, simple mode, and weighted 
mode analyses yielded odds ratios (OR) and confidence 
intervals (CI) that were closely aligned, specifically: MR-
Egger (OR = 1.0234, 95% CI: 0.6989-1.3014, p = 0.6376), 
weighted median (OR = 1.01734, 95% CI: 0.7855-1.2166, 

Figure 2. Forest plot for causal effect 
estimates of vitamin D levels on eGFR 
(A) and CKD stages G3-G5 (B) in the e-
lderly population. The results were sho-
wn for different algorithms of MR analys-
es used in this study: IVW, MR-Egger, w-
eighted median, simple mode, and weigh-
ted mode.

Figure 3. Scatterplot for MR estimates of vitamin D levels on eGFR (A) and CKD stages G3-G5 (B) in the elderly population. Each point 
represents one single SNP effect on exposures (vitamin D levels) and outcomes (A: eGFR, B: CKD stages G3-G5). The line at each point reflects 
the 95% confidence interval. The results were shown for different algorithms of MR analyses used in this study: IVW, MR-Egger, weighted median, 
simple mode, and weighted mode.

http://www.antpublisher.com/index.php/APT/index


p = 0.6206), simple mode (OR = 1.3295, 95% CI: 0.8009-
1.8120, p = 0.2061), and weighted mode (OR = 1.0390, 
95% CI: 0.8501-1.1886, p = 0.5277) (Figure 3B). These 
results collectively suggested that vitamin D levels did not 
exert a significant impact on CKD stages.
In the sensitivity analyses, the MR-Egger test did not pro-
vide significant evidence for horizontal pleiotropy, indi-
cated by an intercept term near zero with a non-significant 
p-value (p > 0.05). Similarly, the MR-PRESSO test did 
not identify any outlier SNPs or evidence of horizontal 
pleiotropic effects between vitamin D levels and CKD 
stages G3-G5 (p > 0.05). Furthermore, no significant het-
erogeneity was detected by Cochran's Q test (p > 0.05). 
We also performed LOO analysis to explore the influence 
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of individual SNPs on the overall MR estimate, demon-
strating that one single SNP did not materially change the 
overall MR estimate (Figure 4B). The symmetry observed 
in the funnel plot supported the absence of significant 
heterogeneity and reinforced the stability of the results 
obtained from the initial IVW analysis (Figure 5B). The 
MR-Steiger directionality test confirmed that the causal 
direction was correctly specified (Table 2).

Discussions

A GWAS involving 327,657 UK Biobank participants 
identified 553 SNPs associated with vitamin D levels. 
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Figure 4. Leave-one-out (LOO) analysis for vitamin D levels on eGFR (A) and CKD stages G3-G5 (B) in the elderly population. Each circle 
indicated MR estimates using IVW method if the single SNP was omitted, and the bars indicated the 95 % CI of MR estimates. 

Figure 5. Funnel plot of the MR analysis for eGFR (A) and CKD stages G3-G5 (B) in the elderly population. The funnel plot assessed the 
existence of potential heterogeneity. It depicted the observed causal impact of each of the 17 SNPs as dots, and the average causal effect of all SNPs 
was estimated by both IVW and MR-Egger methods on the x-axis. The y-axis represented the inverse standard error of the predicted causal effect for 
each individual SNP.



Using 17 of the SNPs that were independent and avail-
able in CKDGen, the IVW MR analysis demonstrated no 
significant effect of vitamin D levels on either eGFR (OR 
= 0.9684, 95% CI: 0.9368-1.0081, p = 0.06080) or the 
diagnosis of CKD stages G3-G5 (OR = 1.0177, 95% CI: 
0.8048-1.2043, p = 0.60399) in the elderly population. 
These findings were consistent across other MR methods, 
including the simple mode, weighted mode, and MR-Eg-
ger regression, with the exception of the weighted median 
method, which indicated a potential significant negative 
association between vitamin D levels and eGFR (OR = 
0.9782, 95% CI: 0.9155-1.0453, p = 0.0389). A series of 
sensitivity analyses further confirmed the robustness of 
the IVW MR analysis, and the MR-Steiger directionality 
test was also conducted as an additional measure to ensure 
that our IVW MR findings were not influenced by reverse 
causation, leading us to primarily adopt IVW results. 
Numerous previous studies have established a positive 
statistical correlation between serum vitamin D levels and 
eGFR, and they have also attempted to prove that vitamin 
D deficiency increased the risk of CKD [7-11]. However, 
the present MR analysis indicated a lack of causal linkage 
between these variables in the elderly population, and we 
attributed the conflicts to confounding factors. It is impor-
tant to note that serum vitamin D concentrations decline 
with advancing age, primarily due to reduced cutaneous 
production in older adults. Concurrently, the prevalence 
of CKD increases with age, making age a substantial con-
founding variable in the investigation of the association 
between vitamin D levels and kidney function [25]. Adi's 
research paralleled the outcomes of our MR analysis; 
however, it did not effectively control for age as a crucial 
confounder [13]. Our study design addressed the situa-
tion by exclusively including participants aged 60 years 
and older and employing MR analysis to mitigate the 
influence of age as a confounder, an oversight frequently 
encountered in many prior studies. Furthermore, individu-
als with impaired renal function typically experience a 
marked decline in quality of life, which frequently leads 
to decreased outdoor activities and reduced exposure to 
sunlight, thereby diminishing vitamin D synthesis in the 
skin [25, 26]. Obesity is a strong risk factor for kidney 
disease, and a low serum vitamin D level is one of the 
metabolic disturbances associated with obesity [27]. Di-
etary restrictions common in CKD patients could also lead 
to inadequate vitamin D intake [28]. Vitamin D deficiency 
contributes to periodontitis, a form of systemic immune 
inflammation [29]. Recent evidence indicated a bidirec-
tional causal relationship between periodontitis and renal 
function [30]. Additionally, patients with type 2 diabetes 

frequently display reduced serum vitamin D levels, which 
could be associated with the declining renal function at-
tributed to diabetes [31]. The above variables, including 
age, quality of life, obesity, diet, periodontitis, and type 2 
diabetes, collectively suggested that the observed correla-
tion between vitamin D levels and renal function in previ-
ous studies could be substantially impacted by confound-
ing factors [25-28, 30, 31]. Hence, serum vitamin D level 
was not an independent factor affecting eGFR or CKD 
progression based on the results of the present MR study.
The MR analysis conducted in the present study also en-
countered several constraints. Firstly, we acknowledged 
that randomized controlled trials (RCTs) were the gold 
standard for establishing causality. However, conducting 
RCTs specifically in the elderly population posed ethical, 
logistical, and financial challenges. Our use of MR analy-
sis served as a valuable alternative by leveraging genetic 
variations to infer causality, thereby addressing some 
limitations. Secondly, the possibility of bias arising from 
weak instrumental variables, which may not have been 
sufficiently correlated with serum vitamin D levels, could 
lead to an attenuation of the effect estimates towards the 
null. Moreover, the study's cohort exclusively comprised 
individuals of European descent, limiting the generaliz-
ability of the findings to other populations. Lastly, there 
might be an overlap between UK Biobank participants 
and some samples from the CKDGen consortium, which 
could introduce a minor confounding bias.

Conclusions

Across various Mendelian Randomization methods, in-
cluding IVW, MR-Egger, and others, serum vitamin D 
levels did not have a significant impact on either eGFR 
or CKD stages G3-G5 diagnosis in the elderly popula-
tion. Sensitivity analyses, including tests for pleiotropy, 
heterogeneity, and each single SNP influence, further con-
firmed the robustness and stability of the results. Overall, 
the present study indicated that vitamin D levels were 
unlikely to play a significant causal role in affecting eGFR 
or CKD progression in the elderly.
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Exposure Outcome snp_R2 exposure snp_R2 outcome Correct causal direction Steiger pval

Vitamin D eGFR 0.03898 0.0008942 TRUE 0

Vitamin D CKD G3-G5 0.03898 0.0002321 TRUE 0

Table 2. MR-Steiger directionality test for vitamin D levels on eGFR (A) and CKD stages G3-G5 (B) in the elderly population. Correct causal 
direction: the inferred causal direction between exposures and outcomes.
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