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ABSTRACT

Aim: To assess the association between plasma 25-hydroxyvitamin D levels, gene 
polymorphisms involved in vitamin D metabolism, and the risk of type 2 diabetes in a Costa 
Rican population. Methods: 578 adults were enrolled in a case-control study from an urban 
Costa Rican population. Blood samples were collected to measure circulating vitamin D 
levels, glucose, hemoglobin A1c, lipid profile, and for the genotyping of 14 vitamin D 
related SNPs. The associations between plasma 25-hydroxyvitamin D levels, clinical and 
biochemical variables, gene polymorphisms, and type 2 diabetes were tested. Results: 
Classical risks factors as body mass index (OR: 1.13, p <0.001), and arterial hypertension 
(OR: 3.31, p <0.001) were associated with type 2 diabetes. In addition, type 2 diabetes was 
associated with 25-hydroxyvitamin D levels (OR: 0.97, p = 0.023). Polymorphisms in the 
GC gene (rs4588, rs7041, rs3755967, and rs22522679) were associated with plasma levels 
of vitamin D (all-p values <0.036). None of the SNPs assessed were associated with type 
2 diabetes. Conclusion: Our findings suggest that GC gene polymorphisms contribute to 
interindividual variability in vitamin D status. Although these variants were not directly 
associated with type 2 diabetes in the present study, their potential role in vitamin D–
related metabolic pathways warrant further investigation.

Keywords: Diabetes mellitus, type 2; 25-hydroxyvitamin D; SNPs; obesity; genetic 
association studies.

RESUMEN

Objetivo: Analizar la asociación entre los niveles plasmáticos de 25-hidroxivitamina 
D, polimorfismos genéticos involucrados en el metabolismo de la vitamina D y el 
riesgo de diabetes tipo 2 en una población costarricense. Métodos: Se incluyeron 578 
adultos en un estudio de casos y controles en una población urbana costarricense. 
Se recolectaron muestras de sangre para medir los niveles circulantes de vitamina D, 
glucosa, hemoglobina A1c, perfil lipídico y para el genotipado de 14 SNPs relacionados 
con la vitamina D. Se evaluaron las asociaciones entre los niveles plasmáticos de 
25-hidroxivitamina D, las variables clínicas y bioquímicas, los polimorfismos genéticos 
y la diabetes tipo 2. Resultados: Los factores de riesgo clásicos como el índice de masa 
corporal (OR: 1.13, p <0.001) y la hipertensión arterial (OR: 3.31, p <0.001) se asociaron 
significativamente con la diabetes tipo 2. Además, la diabetes tipo 2 se asoció con los 
niveles plasmáticos de 25-hidroxivitamina D (OR: 0.97, p = 0.023); y polimorfismos en 
el gen GC (rs4588, rs7041, rs3755967 y rs22522679) se asociaron significativamente 
con los niveles plasmáticos de vitamina D (valores de p <0.036). Ninguno de los SNPs 
evaluados se asoció con la diabetes tipo 2. Conclusión: Nuestros resultados sugieren que 
polimorfismos en el gen GC contribuyen a la variabilidad interindividual en los niveles 
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de vitamina D. Aunque estas variantes no se asociaron directamente con la diabetes tipo 
2 en el presente estudio, su potencial implicación en las vías metabólicas relacionadas 
con la vitamina D requiere estudios adicionales.

Descriptores: Diabetes mellitus tipo 2, 25-hidroxivitamina D, SNPs, obesidad, estudios 
de asociación genética.

Fecha de recibido: 16, diciembre, 2025	 Fecha de aceptado: 11, junio, 2026

Vitamin D is a hormone with pleiotropic effects, 
including the regulation of calcium, phosphorus, and 
bone homeostasis. Beyond these actions, vitamin D con-
tributes to antioxidant activity, lipid and carbohydrate 
metabolism, immune system modulation, neural devel-
opment, and plays a role in cancer prevention.1,2 A bio-
marker for assessing vitamin D status is 25-hydroxyvi-
tamin D (25(OH)D). The plasma level of 25(OH)D has 
emerged as an important modifiable risk factor for many 
diseases, including type 2 diabetes (DM2).

Genetic variants such as single nucleotide poly-
morphisms (SNPs) in genes involved in vitamin D biosyn-
thesis, transport or function can affect circulating levels 
of this hormone. Some of these variants correspond to 
SNPs in the following genes: 7-dehydrocholesterol re-
ductase (DHCR7)/NAD synthetase 1 (NADSYN1), vitamin 
D 25-hydroxylase (CYP2R1), vitamin D-1α-hydroxylase 
(CYP27B1), vitamin D-binding protein (DBP or GC), and 
vitamin D 24-hydroxylase (CYP24A1), among others.3–6

The link between vitamin D and DM2 was initia-
lly established through epidemiological observations 
showing that individuals with 25(OH)D deficiency had a 
higher risk of developing DM2.7,8 However, studies con-
ducted across different populations of Caucasian, Hispa-
nic, and Asian origin have shown inconsistent results.7–10 
The effectiveness of long-term oral vitamin D supplemen-
tation in improving the metabolic profile remains con-
troversial, as most clinical trials have failed to show that 
supplementation prevents the progression of prediabetic 
individuals to DM2.11–13 Despite these findings, experi-
mental evidence has supported the epidemiological asso-
ciations and has proposed cellular mechanisms by which 
vitamin D deficiency may promote the onset of DM2.2,14,15

Latin American countries report alarming 
increases in obesity rates among both adults and 
children, which are related to the rising prevalence of 
chronic non-communicable diseases such as DM2.16 In 
Costa Rica, the prevalence of DM2 is 14.8%, according to 
data from a national survey.17 Characterization studies 
have examined both urban and rural populations in 
Costa Rica, focusing on the classic risk factors associated 
with the development of metabolic diseases. 18–20 While 
a low intake of vitamin D has been reported in a healthy 

urban sample, 21 there is a lack of information regarding 
circulating vitamin D levels in patients with DM2.

Given the current public health scenario and the 
limited information on vitamin D status in the Costa 
Rican population, particularly its association with DM2, 
this research aimed to fill this gap. The objective of this 
study was to analyze the association between plasma 
25(OH)D levels, clinical variables, SNPs in genes involved 
in vitamin D metabolism, and the risk of developing DM2 
in an urban Costa Rican population.

Methods

The present research followed a case-control study 
design and included a total of 578 subjects (262 controls 
and 316 cases). Participants were enrolled between 2011 – 
2015 at Marcial Fallas Clinic, Desamparados, Costa Rica, a 
clinic that is part of the primary care level of the National 
Health Social Security System. Participants were ≥ 20 years 
old and had at least two relatives from two previous gen-
erations born in the Costa Rican Central Valley. Cases in-
cluded all participants with an established DM2 diagnosis 
according to the criteria defined by the American Diabetes 
Association.22 The inclusion criteria for the control group 
were as follows: not being recognized as a DM2 patient 
according to self-report and verified in the clinical record, 
fasting plasma glucose (FPG) < 100 mg/dL, and no family 
history of DM2 in first-degree relatives. Exclusion criteria 
for controls were a personal history of gestational diabetes 
and prior or current treatment with hypoglycemic drugs. 
This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Scientific Ethics Com-
mittee of the University of Costa Rica (VI-6467-2017).

Anthropometric and clinical measurements: 
Information on body weight, height, blood pressure 
(BP), and diagnosis of arterial hypertension (AHT) was 
obtained from the participants’ clinical records and 
recorded by medical staff. Body mass index (BMI) was 
calculated as weight in kilograms divided by the square 
of height in meters, and participants were classified as 
having normal weight, overweight, or obese according to 
the criteria set by the WHO.23
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The control group was classified as non-DM2. The 
non-DM2 group included participants with normal hemo-
globin A1c (HbA1c) levels (<5.7%) and altered HbA1c lev-
els (5.7% to <6.5%). To further categorized glycemic status, 
participants from the non-DM2 group with HbA1c <5.7% 
were classified as normal, while those with HbA1c levels 
between 5.7% to <6.5% were classified as prediabetic.

Biochemical measurements: Fasting blood 
samples were collected for the quantification of FPG, 
HbA1c, and lipid profile including total cholesterol 
(TC), low-density lipoprotein cholesterol (LDL), 
high-density lipoprotein cholesterol (HDL), and 
triglycerides (TG) by standard laboratory methods 
with fresh plasma samples.

Plasma 25(OH)D concentration was determined by 
the Architect Immunoassay Method (Abbott Laboratories, 
IL, USA), using stored plasma samples at -80°C. Vitamin D 
status was categorized according to The Endocrine Socie-
ty’s Clinical Guidelines, with deficiency defined as 25(OH) 
D levels <20 ng/mL, insufficiency as levels between 20 and 
≤30 ng/mL, and sufficiency as levels ≥30 ng/mL.24

SNPs selection and genotyping: We selected 
SNPs that have been previously associated with 25(OH)
D levels or metabolic health outcomes in studies with 
Caucasian or Amerindian ancestry population, such 
as Insulin Resistance Atherosclerosis (IRAS) Family 
Study6,25, the TrØmso study5, among others.4,26–28

We included 14 SNPs from the following genes: 
CYP2R1 (rs10741657, rs2060793), GC (rs3755967, rs4588, 
rs7041, rs2282679), DHCR7 (rs3794060, rs3829251, 
rs4944957, rs7944926, rs12800438), LICN01768 (rs333966), 
and CYP24A1 (rs6013897, rs17217119). Genotyping 
of rs4588, rs7041, rs2282679, rs2060793, rs333966, 
rs6013897, and rs17217119 were performed using qPCR 
with validated TaqMan® probes on a StepOnePlus™ 
Real-Time PCR system (Applied Biosystems, MA, USA). 
Approximately 10% of the samples were reanalyzed to 
confirm genotyping results. The remaining SNPs were 
genotyped using a Golden Gate® microarray (Illumina, 
San Diego, CA). The SNP information included in this 
study was based on the human genome assembly GRCh38/
hg38 (UCSC Genome Browser).

Participants’ genetic ancestry was determined 
from a previous study based on the genotyping of 
96 ancestry-informative markers (unpublished data) 
and principal components were calculated using the 
EIGENSTRAT method 29.

Quality control: All samples and SNPs with more 
than 15% missing genotypes, SNPs with a minor allele 
frequency (MAF) < 5%, and those deviating from Hardy-
Weinberg equilibrium (HWE, χ2 test p = 0.004) were 
excluded from subsequent analyses.

Statistical analysis: Normality of the data was 
assessed using the Kolmogorov-Smirnov test. Data 
analyses exclusively regarding anthropometric, clinical, 
and biochemical variables were performed with IBM® SPSS 
Statistics v22.0 software (IBM Corp., Armonk, NY, USA). 
SNP data were analyzed with PLINK 1.9 (www.cog-genomics.
org/plink/1.9/)30 and data visualization were done with Jamovi 
(The jamovi project. Jamovi v2.2. Sidney: 2023. (accessed 
October 17, 2023). Available from: https://www.jamovi.org). 
Odds ratios (OR), unstandardized regression coefficients 
(β), and 95% confidence intervals (CI) were calculated. 
P-values < 0.05 were considered statistically significant.

Logistic regression analyses using a backward elimi-
nation algorithm were performed with DM2 as the depen-
dent variable and age, sex, plasma 25(OH)D levels, BMI, 
lipid profile, and AHT diagnosis as independent variables. 
A separate logistic regression analysis was conducted 
with glycemic status as the dependent variable, including 
the same set of predictors. One-way ANOVA was used to 
assess the probability that the model assigns a case based 
on participants’ vitamin D status. HbA1c levels were not 
included as a predictor variable in these models, as they 
were used to define the categories of normoglycemic, pre-
diabetic and diabetic individuals. Instead, the association 
between HbA1c and plasma 25(OH)D levels was evaluated 
using Pearson’s correlation coefficient.

The association between genetic variants and 
DM2, as well as plasma 25(OH)D levels, was evaluated 
using logistic and linear regression models, respectively. 
Biochemical or clinical variables associated with plasma 
25(OH)D levels and DM2 were included in the regression 
models. Multiple testing adjustments were made 
using the Bonferroni correction. Additionally, linkage 
disequilibrium and epistasis analyses were performed.

Results

Anthropometric, clinical, and biochemical 
characteristics of the study population: Characteristics 
of study subjects are presented in Table 1. In the non-
DM2 group, 61% were overweight or obese, and 51% had 
a diagnosis for essential AHT. In the DM2 group, 89% 
of participants were overweight or obese, and 87% had 
AHT. Among study participants, 22.8% had sufficient 
vitamin D levels, 47.6% had insufficient levels and 29.6% 
were classified as deficient. The prevalence of sufficient 
vitamin D status was higher among individuals without 
DM2 (26.5%) compared to those with DM2 (19.5%). 
Conversely, vitamin D deficiency was more prevalent in 
participants with DM2 (36.4%) than among participants 
without DM2 (21.9%). Significant differences in vitamin 
D status were observed between the non-DM2 and DM2 
groups (χ² = 14.36, df = 2, p = 0.0008).

http://www.cog-genomics.org/plink/1.9/
http://www.cog-genomics.org/plink/1.9/
https://www.jamovi.org
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Table 1. Anthropometric, biochemical, and clinical characteristics 
of participants with and without type 2 diabetes in the study

Variable Non-DM2 (n= 262) DM2 (n= 316)

Sex (n, %)

Male 82 (31) 105 (33)

Female 180 (69) 211 (67)

Age (years)* 61.0 | 15.0 62.0 | 14.5

BMI** 26.9 ± 4.3 30.6 ± 5.6

Underweight (n, %) 3 (1) 0

Normal weight (n, %) 73 (28) 36 (11)

Overweight (n, %) 117 (45) 133 (42)

Obesity I (n, %) 41 (16) 85 (27)

Obesity II and III (n, %) 12 (5) 61 (19)

FPG (mg/dL)* 92.0 | 8.0 128.0 | 48.5

HbA1c (%)* 5.7 | 0.5 6.9 | 2.2

Normal glycemic status (n, %) 130 (50) NA

Prediabetes (n, %) 132 (50) NA

TC (mg/dL) * 203.0 | 51.0 191.0 | 55.0

TG (mg/dL) * 144.0 | 88.0 172.0 | 97.5

HDL (mg/dL) * 42.20 | 13.4 37.0 | 11.5

LDL (mg/dL) ** 134.8 ± 36.7 115.6 ± 33.8

VLDL (mg/dL) * 29.2 | 17.4 34.4 | 19.9

Systolic BP (mmHg) * 125 | 24 135 | 26

Diastolic BP (mmHg) * 73 | 11 76 | 13

AHT (n, %) 133 (51) 275 (87)

25(OH)D (ng/mL)** 26.3 ± 7.4 23.4 ± 7.7

* Median | interquartile range; ** mean ± SD; NA: not applicable. DM2: 
type 2 diabetes; BMI= body mass index; FPG= fasting plasma glucose; 
HbA1c= hemoglobin A1C; TC= total cholesterol; TG= triglycerides; HDL= 
high-density lipoprotein cholesterol; LDL= low-density lipoprotein 
cholesterol; VLDL= very-low-density lipoprotein cholesterol; BP= blood 
pressure, AHT= arterial hypertension; 25(OH)D= 25-hydroxyvitamin D

Association of clinical, and biochemical vari-
ables with DM2: In our study, no significant association 
was observed between age or sex and DM2 (OR: 1.02, p = 
0.198 and OR: 0.74, p = 0.229, respectively), likely reflect-
ing the matching of cases and controls for these variables 
during recruitment. Table 2 shows clinical and biochem-
ical variables associated with DM2. Plasma 25(OH)D lev-
els, HDL, LDL, AHT, and BMI were significantly associat-
ed with DM2 (all-p values <0.05). Based on the observed 
ORs, the probability of being classified in the DM2 group 
was two times higher for hypertensive participants, 13% 
higher for each unit increase in BMI, and 3% lower for 
each unit (ng/mL) increase in plasma 25(OH)D levels. The 

mean predicted probability of being classified in the DM2 
group, according to the model shown in Table 2, was 0.71 
± 0.21 for the vitamin D–deficient group, 0.57 ± 0.23 for 
participants with insufficient levels, and 0.47 ± 0.24 for 
those with sufficient vitamin D levels (p <0.001).

Table 2. Multivariate logistic regression analysis of significant 
clinical and biochemical variables associated with type 2 diabetes

Variable OR (95% CI) p

AHT 3.31 (2.04–5. 37) <0.001

BMI 1.13 (1.07–1.18) <0.001

25(OH)D 0.97 (0.94-0.99) <0.023

HDL 0.98 (0.96-0.99) <0.011

LDL 0.99 (0.98-0.99) <0.001

The group of participants without type 2 diabetic was the reference 
category (n= 475). OR= odds ratio; CI= confidence interval; 
AHT= arterial hypertension; BMI= body mass index; 25(OH)D= 
25-hydroxyvitamin D; HDL= high-density lipoprotein cholesterol; 
LDL= low-density lipoprotein cholesterol

Table 3. Multivariate logistic regression analysis with clinical and 
biochemical variables according to the participants´ glycemic status

Glycemic status Variables OR (95% CI) p

Prediabetic AHT 1.84 (1.02 – 3.34) <0.044

BMI 1.04 (0.97 – 1.11) <0.300

25(OH)D 0.96 (0.93 – 0.99) <0.050

HDL 0.99 (0.97 – 1.02) <0.530

LDL 1.01 (0.99 – 1.01) <0.170

DM2 AHT 4.59 (2.59 – 8.10) <0.0001

BMI 1.15 (1.08 – 1.23) <0.0001

25(OH)D 0.95 (0.91 – 0.98) <0.002

HDL 0.97 (0.95 – 0.98) <0.012

LDL 0.99 (0.98 – 0.99) <0.012

The reference category was normoglycemic status (n = 475). DM2: 
type 2 diabetic; OR= odds ratio; CI= confidence interval; AHT= arterial 
hypertension; BMI= body mass index; 25(OH)D= 25-hydroxyvitamin 
D; HDL= high-density lipoprotein cholesterol; LDL= low-density 
lipoprotein cholesterol.

Because some participants in the non-DM2 group 
exhibited abnormal HbA1c levels, the logistic regres-
sion model shown in Table 2 was applied separately 
for each glycemic status category. Table 3 shows a sig-
nificant difference in the prevalence of ATH between 
normoglycemic and prediabetic subjects, with plasma 
25(OH)D levels in the latter group approaching margin-
al statistical significance. Additionally, no differences 
were observed in BMI, HDL, or LDL between normogly-
cemic and prediabetic subjects (Table 3). In the com-
parison between normoglycemic and DM2 participants, 
all variables remained statistically significant (Table 
3). Within the DM2 group, HbA1c levels was inverse-
ly correlated with plasma 25(OH)D concentrations (r = 
-0,144, p = 0.034).
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gene were associated with plasma 25(OH)D levels (all p 
values <0.036, Table 4). Individuals homozygous for the 
minor alleles of statistically significant SNPs exhibited 
lower mean plasma 25(OH)D levels compared to those 
with other genotypes (Figure 1).

Association between SNPs, plasma 25(OH)D 
levels, and DM2: After quality control, 12 SNPs met the 
established criteria, except for rs333966 and rs17217119, 
which were excluded from further analysis due to a 
genotyping rate below 85%. All SNPs tested in the GC 

Table 4. Association between single nucleotide polymorphisms of genes involved in the vitamin D 
metabolism and plasma 25-hydroxyvitamin D levels of the participants

Gene SNP A1 A2 MAF β 95% CI p adjusted p *

GC rs4588 T G 0.22 -2.88 -4.14 – -1.61 1.109e-05 0.0001

rs3755967 A G 0.20 -2.60 -3.86 – -1.35 5.938e-05 0.0008

rs2282679 G T 0.21 -2.65 -3.93 – -1.36 6.591e-05 0.0009

rs7041 A C 0.48 -1.63 -2.69 – -0.57 0.0028 0.0358

CYP2R1 rs2060793 A G 0.30 1.42 0.20 – 2.64 0.0227 0.2972

rs10741657 A G 0.29 1.35 0.12 – 2.59 0.0324 0.4207

DHCR7 rs3829251 A G 0.29 -1.12 -2.24 – 0.004 0.0516 0.6712

rs3794060 T C 0.48 0.91 -0.14 – 1.96 0.0886 1

rs4944957 A G 0.50 -0.90 -1.95 – 0.15 0.0919 1

rs7944926 G A 0.48 0.94 -0.10 – 1.98 0.0779 1

rs12800438 A G 0.50 0.87 -0.19 – 1.94 0.1095 1

CYP24A1 rs6013897 A T 0.32 -0.66 -1.91 – 0.58 0.2969 1
Regression model adjusted by sex, age, BMI, genetic ancestry, and glycemic status. *Bonferroni correction. SNP= single nucleotide polymorphism; 
A1= minor allele; A2= alternative allele; MAF= minor allele frequency; β= unstandardized regression coefficient; CI= confidence interval

Figure 1. Mean plasma 25-hydroxyvitamin D levels according to genotypes of GC 
gene of single nucleotide polymorphisms associated with the plasma 25-hydrox-
ivitamin D in participants with and without type 2 diabetes. The AA genotype of 
rs7041, TT of rs4588, GG of rs3755967, GG of rs2282679 showed less plasma 25-hy-
droxyvitamin D level than subjects with the other genotypes for this gene.
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Following Bonferroni correction, none of the 12 
SNPs demonstrated association with DM2 (all p values 
>0.05). Additionally, the epistasis analysis did not 
identify any significant interaction effects among the 
evaluated SNPs. Linkage disequilibrium was observed 
among rs4588, rs3755967, and rs2282679 (all R2 >0.86).

Discussion

This is the first study to examine the association 
between genetic polymorphisms, plasma vitamin D 
levels, clinical variables, and DM2 in an urban sample 
of the Costa Rican population. The observed inverse 
association between 25(OH)D concentrations and DM2 
risk in this population is consistent with findings from 
other cohorts, including NHANES-III study,7 in which 
individuals of Latin American origin from the United 
States showed a similar inverse association.

In this sample, the prevalence of overweight/
obesity and hypertension was high in both groups, and 
these two factors exhibited the strongest associations 
with the risk of DM2. In contrast, the effect of low plasma 
concentrations of 25(OH)D on DM2 risk was notably 
smaller than the impact of well-established risk factors 
such as hypertension, obesity, and dyslipidemia.31,32 Using 
a logistic regression model, we estimated that a 3 ng/mL 
difference in plasma 25(OH)D levels—approximately 
the mean difference observed between the DM2 and the 
non-DM2 groups—was associated with an 8.4% increase 
in the risk of DM2. Although this effect size is modest, it 
remains epidemiologically relevant given that vitamin D 
status is a modifiable risk factor. Furthermore, the model 
demonstrated improved predictive performance when 
25(OH)D concentrations were in the deficient range. 
These findings suggest that vitamin D deficiency may 
contribute to the overall risk profile for DM2 and that risk 
prediction models may be more accurate in populations 
with low vitamin D status.

Among participants with DM2, we observed a 
significant inverse correlation between plasma 25(OH) D 
levels and HbA1c, indicating that lower vitamin D status 
is associated with poorer glycemic control. Similarly, 
in a younger population from a university center in 
Costa Rica, a previous study reported that, despite a 
lower prevalence of vitamin D deficiency (25%) and 
reduced rates of obesity, lower 25(OH) D concentrations 
were correlated with markers of insulin resistance, 
such as HOMA-IR33. Together, these findings suggest a 
relationship between vitamin D status and markers of 
glucose metabolism across populations with varying 
metabolic risk profiles.

Our findings indicate that SNPs in the GC 
gene—rs4588, rs7041, rs3755967, and rs2282679—are 
associated with lower plasma 25(OH)D concentrations. 
These results are consistent with previous studies in 
Hispanic and Caucasian populations,4–6 reinforcing 
the role of genetic variation in modulating vitamin D 
metabolism. Considering that approximately 0.01% of 
circulating 25(OH)D is present in its free form and that 
nearly all of it is bound to plasma proteins, primarily 
the GC,34 SNPs that modulate GC gene expression or 
binding affinity likely influence total 25(OH)D levels 
and, consequently, vitamin D status. These genetic 
influences on vitamin D bioavailability may help explain 
interindividual variability in metabolic markers relevant 
to DM2, without implying a direct causal relationship 
between these polymorphisms and disease onset.

The most common isoforms of the GC gene (GC1f, 
GC1s, and GC2) are determined by the rs7041 and rs4588 
polymorphisms. The A allele of rs7041 encodes Asp at po-
sition 416, which is present in both GC1f and GC2 isoforms, 
while the T allele of rs4588 encodes Lys at position 420 in 
the GC2 isoform. These amino acid substitutions modi-
fy the binding affinity of the GC protein for 25(OH)D,35,36 
thereby influencing its circulating levels. While rs3755967 
and rs2282679 have also been associated with 25(OH)D 
concentrations, their functional role remains uncertain 
and may reflect linkage disequilibrium with rs4588. Nota-
bly, a study in Mexican postmenopausal women reported 
a similar association, as well as evidence of linkage dis-
equilibrium between rs3755967 and rs2282679,37 further 
supporting the contribution of GC gene variants to vita-
min D status in different populations.

Although low plasma 25(OH)D levels were 
associated with DM2, none of the 12 SNPs analyzed 
showed a direct association with the disease. This 
observation is consistent with the multifactorial and 
progressive nature of DM2, in which the contribution 
of individual genetic variants to disease development 
is typically modest compared with that of established 
clinical and environmental risk factors. Nevertheless, 
low plasma 25(OH)D levels have been implicated in 
biological pathways involved in insulin resistance, 
polycystic ovary syndrome, and obesity,38 all of which are 
recognized contributors to DM2 pathogenesis.

This study highlighted the potential role of 25(OH)
D levels as a risk factor for DM2 in an understudied, 
admixed population, supporting previous findings 
in populations with different genetic backgrounds. 
However, our study presented limitations, particularly 
regarding the classification of glycemic status within 
the sample. In particular, the control group included 
individuals with HbA1c levels exceeding 5.7%, indicating 
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the inclusion of both normoglycemic and prediabetic 
subjects.39 This distinction is clinically important, as 
glycemic categories are associated with varying risks 
for major cardiovascular events, such as myocardial 
infarction, stroke, and cardiovascular mortality.40,41 To 
address this limitation, two complementary strategies 
were implemented: 1) reclassification of participants into 
normoglycemic, prediabetic, and diabetic groups; and 2) 
application of a logistic regression model incorporating 
these three categories. The model demonstrated slight 
differences between normoglycemic and prediabetic 
individuals, suggesting that, based on the variables 
included, these groups did not differ from each other.

In conclusion, this is the first study to examine the 
relationship between vitamin D status, genetic variants 
involved in vitamin D metabolism, and DM2 in an 
urban Costa Rican population. We observed an inverse 
association between plasma 25(OH)D levels and DM2 
and identified GC gene variants associated with lower 
vitamin D concentrations. Although these variants were 
not directly linked to disease risk, they may contribute to 
interindividual variability in vitamin D metabolism. The 
inclusion of prediabetic participants in the non-DM2 
group represents a limitation; however, complementary 
analyses using reclassified glycemic categories suggest 
that the main association remain consistent. Future 
studies should further explore the functional impact of 
these variants, consider longitudinal designs to clarify 
causal relationships, and investigate interactions with 
modifiable lifestyle factors in the development of DM2.

ACKNOWLEDGEMENTS

The authors acknowledge Dr. Lorena Orozco and Dr. 
Humberto García from Laboratorio de Inmunogenómica y 
Enfermedades Metabólicas of Instituto Nacional de Me-
dicina Genómica (INMEGEN), Ciudad de México, for their 
support with the genotyping of ancestry-informative mar-
kers and several SNPs related to vitamin D metabolism.

The contribution of each author is as follows:

SMR: Conceptualization, Data Curation, Formal 
Analysis, Funding Acquisition, Investigation, Methodology, 
Project Administration, Resources, Software, Validation, 
Visualization, Writing – Original Draft, Writing – Review 
& Editing. RVS: Conceptualization, Data Curation, Formal 
Analysis, Funding Acquisition, Investigation, Methodology, 
Project Administration, Resources, Software, Supervision, 
Validation, Visualization, Writing – Review & Editing. GGS: 
Conceptualization, Funding Acquisition, Supervision, Vali-
dation, Writing – Review & Editing.

References

1.	 Christakos S, Dhawan P, Verstuyf A, Verlinden L, Carmeliet G. 
Vitamin D: metabolism, molecular mechanism of action, and 
pleiotropic effects vitamin D analogs. Physiol Rev. 2016;96:365–
408. DOI: 10.1152/physrev.00014.2015

2.	 Pilz S, Verheyen N, Grübler MR, Tomaschitz A, März W. Vitamin 
D and cardiovascular disease prevention. Nat Rev Cardiol. 
2016;13:404–17. DOI: 10.1038/nrcardio.2016.73

3.	 Mitri J, Muraru MD, Pittas AG. Vitamin D and type 2 diabetes: 
A systematic review. Eur J Clin Nutr. 2011;65:1005–15. DOI: 
10.1038/ejcn.2011.118

4.	 Ahn J, Yu K, Stolzenberg-Solomon R, Claire Simon K, McCullough 
ML, Gallicchio L, et al. Genome-wide association study of 
circulating vitamin D levels. Hum Mol Genet. 2010;19:2739–45. 
DOI: 10.1093/hmg/ddq155

5.	 Jorde R, Schirmer H, Wilsgaard T, Joakimsen RM, Mathiesen 
EB, Njølstad I, et al. Polymorphisms related to the serum 
25-Hydroxyvitamin D level and risk of Myocardial infarction, 
diabetes, cancer and mortality. The Tromsø study. PLoS One. 
2012;7:1–10. DOI: 10.1371/journal.pone.0037295

6.	 Engelman CD, Fingerlin TE, Langefeld CD, Hicks PJ, Rich SS, 
Wagenknecht LE, et al. Genetic and environmental determinants 
of 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D levels 
in Hispanic and African Americans. J Clin Endocrinol Metab. 
2008;93:3381–8. DOI: 10.1210/jc.2007-2702

7.	 Scragg R, Sowers M, Bell C. Serum 25-hydroxyvitamin D, Diabetes 
and Ethnicity in the Third National Health and Nutrition 
Examination Survey. Diabetes Care. 2004;27:2813–8. DOI: 
10.2337/diacare.27.12.2813

8.	 Kayaniyil S, Retnakaran R, Harris S, Vieth R, Knight J, Gerstein H, 
et al. Association of Vitamin D with Insulin Resistance and beta-
Cell Dysfunction in Subjects at Risk for Type 2 Diabetes. Diabetes 
Care. 2010;33:6–8. DOI: 10.2337/dc09-2321

9.	 Gobbo LC Del, Song Y, Dannenbaum DA, Dewailly E, Egeland 
GM. Serum 25-Hydroxyvitamin D is not Associated with Insulin 
Resistance or Beta Cell Function in Canadian Cree. J Nutr. 
2011;141:290–5. DOI: 10.3945/jn.110.129619

10.	 Marques-vidal P, Vollenweider P, Guessous I, Henry H, Boulat O. 
Serum Vitamin D Concentrations Are Not Associated with Insulin 
Resistance in Swiss. J Nutr. 2015;145:2117–22. DOI: 10.3945/
jn.115.211763

11.	 Wu C, Qiu S, Zhu X, Li L. Vitamin D supplementation and 
glycemic control in type 2 diabetes patients: A systematic review 
and meta-analysis. Metabolism. 2017;73:67–76. DOI: 10.1016/j.
metabol.2017.05.006

12.	 Kawahara T. Eldecalcitol, a Vitamin D Analog, for Diabetes 
Prevention in Impaired Glucose Tolerance (DPVD Study). 
Diabetes. 2018 May 1;67:120-LB. DOI: 10.2337/db18-120-LB

13.	 Pittas AG, Dawson-Hughes B, Sheehan P, Ware JH, Knowler WC, 
Aroda VR, et al. Vitamin D Supplementation and Prevention of 
Type 2 Diabetes. N Engl J Med. 2019;381:520–30. DOI: 10.1056/
NEJMoa1900906

https://doi.org/10.1152/physrev.00014.2015
https://doi.org/10.1038/nrcardio.2016.73
https://doi.org/10.1038/ejcn.2011.118 
https://doi.org/10.1093/hmg/ddq155
https://doi.org/10.1371/journal.pone.0037295
https://doi.org/10.1210/jc.2007-2702
https://doi.org/10.2337/diacare.27.12.2813
https://doi.org/10.2337/dc09-2321
https://doi.org/10.3945/jn.110.129619
https://doi.org/10.3945/jn.115.211763 
https://doi.org/10.3945/jn.115.211763 
https://doi.org/10.1016/j.metabol.2017.05.006 
https://doi.org/10.1016/j.metabol.2017.05.006 
https://doi.org/10.2337/db18-120-LB
https://doi.org/10.1056/NEJMoa1900906 
https://doi.org/10.1056/NEJMoa1900906 


8 ISSN 0001-6012 • eISSN 2215-5856 / Acta méd. costarric. 2026 / enero-marzo; 68 (1): 1-8

Relación entre Vitamina D y Diabetes tipo 2

14.	 Zeitz U, Weber K, Soegiarto DW, Wolf E, Balling R, Reinhold G, et 
al. Impaired insulin secretory capacity in mice lacking a functional 
vitamin D receptor. FASEB J. 2003;17:509–11. DOI: 10.1096/fj.02-
0424fje

15.	 Wolden-Kirk H, Overbergh L, Gysemans C, Brusgaard K, Naamane 
N, Van Lommel L, et al. Unraveling the effects of 1,25(OH)2D3 on 
global gene expression in pancreatic islets. J Steroid Biochem Mol 
Biol. 2013;136:68–79. DOI: 10.1016/j.jsbmb.2012.10.017

16.	 Albala C, Vio F. Obesity and Diabetes in Latin America: The Impact 
of Socioeconomic Status on Programs and Outcomes. In: Romero 
T, Nazal CN, Lanas F, editors. Global Challenges in Cardiovascular 
Prevention in Populations with Low Socioeconomic Status. Cham: 
Springer. 2025. p. 51–61. DOI: 10.1007/978-3-031-79051-5_3

17.	 Caja Costarricense del Seguro Social. Informe de Resultados de la 
Evaluación de la Prestación de Servicios de Salud 2020 y Tendencias 
del 2021. San José (CR): EDNASSS; 2021. ISBN: 9789968916912

18.	 Campos H, Willett WC, Peterson RM, Siles X, Bailey SM, Wilson 
PWF, et al. Nutrient Intake Comparisons Between Framingham 
and Rural and Urban Puriscal, Costa Rica. Arterioscler Thromb. 
1991;11:1089–99. DOI: 10.1161/01.atv.11.4.1089

19.	 Campos H, Mata L, Siles X, Vives M, Ordovas JM, Schaefer EJ, 
et al. Prevalence of Cardiovascular Risk Factors in Rural and 
Urban Costa Rica. Circulation. 1992;85:648–59. DOI: 10.1161/01.
cir.85.2.648

20.	 Laclé-Murray A, Valero-Juan L. Incidencia de diabetes tipo 2 
en un área urbano marginal de Costa Rica. Acta Med Costarric. 
2008;50:29–34. DOI: 10.51481/amc.v50i1.349

21.	 Gómez Salas G, Ramírez Sanabria A, Sheik Oreamuno A, Chinnock 
A, Nogueira Previdelli A, Hermes Sales C, et al. Prevalencia de 
ingesta inadecuada de micronutrientes en la población urbana 
de Costa Rica. Arch Latinoam Nutr. 2019;69:221–32. DOI: 
10.37527/2019.69.4.003

22.	 American Diabetes Association. Diagnosis and classification 
of diabetes mellitus. Diabetes Care. 2011;34. DOI: 10.2337/
dc11-S062

23.	 WHO. Obesity: preventing and managing the global epidemic. World 
Health Organ Tech Rep Ser. 2000;894:1–253. PMID: 11234459.

24.	 Holick MF, Binkley NC, Bischoff-ferrari HA, Gordon CM, Hanley DA, 
Heaney RP, et al. Evaluation, Treatment , and Prevention of Vitamin 
D Deficiency: an Endocrine Society Clinical Practice Guideline. J Clin 
Endocrinol Metab. 2011;96:1911–30. DOI: 10.1210/jc.2011-0385

25.	 Engelman CD, Meyers KJ, Ziegler JT, Taylor KD, Palmer ND, 
Haffner SM, et al. Genome-wide association study of vitamin D 
concentrations in Hispanic Americans: The IRAS Family Study. 
J Steroid Biochm Mol Biol. 2010;122:186–92. DOI: 10.1016/j.
jsbmb.2010.06.013

26.	 Wang T, Zhang F, Richards B, Kestenbaum B, van Meurs J, Berry D, 
et al. Common genetic determinants of vitamin D insufficiency: 
genome-wide association study. Lancet. 2010;376:180–8. DOI: 
10.1016/S0140-6736(10)60588-0

27.	 Afzal S, Brøndum-Jacobsen P, Bojesen SE, Nordestgaard BG. 
Vitamin D concentration, obesity, and risk of diabetes: A 
mendelian randomisation study. Lancet Diabetes Endocrinol. 
2014;2:298–306. DOI: 10.1016/S2213-8587(13)70200-6

28.	 Ye Z, Sharp SJ, Burgess S, Scott RA, Imamura F, Langenberg C, 
et al. Association between circulating 25-hydroxyvitamin D and 
incident type 2 diabetes: A mendelian randomisation study. 
Lancet Diabetes Endocrinol. 2015;3:35–42. DOI: 10.1016/S2213-
8587(14)70184-6

29.	 Price AL, Patterson NJ, Plenge RM, Weinblatt ME, Shadick NA, 
Reich D. Principal components analysis corrects for stratification 
in genome-wide association studies. Nat Genet. 2006;38:904–9. 
DOI: 10.1038/ng1847

30.	 Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ. 
Second-generation PLINK: rising to the challenge of larger and 
richer datasets. Gigascience. 2015;4:7. DOI: 10.1186/s13742-015-
0047-8

31.	 Roden M, Shulman GI. The integrative biology of type 2 diabetes. 
Nature. 2019;576:51–60. DOI: 10.1038/s41586-019-1797-8

32.	 Pearson ER. Type 2 diabetes: a multifaceted disease. Diabetologia. 
2019;62:1107–12. DOI: 10.1007/s00125-019-4909-y

33.	 Castro-Bonilla N, Holst-Schumacher I, Arroyo-Portilla C, 
Valverde-Barrantes JM, Vargas-Soto M, Barrantes-Santamaría 
M. Prevalence of low 25(OH)-Vitamin D levels in Costa Rican 
university students. Acta Med Costarric. 2023;65:1-10. DOI: 
10.51481/amc.v65i2.1292

34.	 Chun RF, Peercy BE, Orwoll ES, Nielson CM, Adams JS, Hewison 
M. Vitamin D and DBP: The free hormone hypothesis revisited. 
J Steroid Biochem Mol Biol. 2014;144PA:132–7. DOI: 10.1016/j.
jsbmb.2013.09.012

35.	 Speeckaert M, Huang G, Delanghe JR, Taes YEC. Biological and 
clinical aspects of the vitamin D binding protein (Gc-globulin) 
and its polymorphism. Clinica Chimica Acta. 2006;372:33–42. 
DOI: 10.1016/j.cca.2006.03.011

36.	 Cleve H, Constans J. The Mutants of the Vitamin-D-Binding 
Protein: More than 120 Variants of the GC/DBP System. Vox Sang. 
1988;54:215–25. DOI: 10.1111/j.1423-0410.1988.tb03908.x

37.	 Rivera-Paredez B, Macías N, Martínez-Aguilar MM, Hidalgo-Bravo 
A, Flores M, Quezada-Sánchez AD, et al. Association between 
vitamin D deficiency and single nucleotide polymorphisms in the 
vitamin D receptor and GC genes and analysis of their distribution 
in Mexican postmenopausal women. Nutrients. 2018;10:1175. 
DOI: 10.3390/nu10091175

38.	 Contreras-Bolívar V, García-Fontana B, García-Fontana C, Muñoz-
Torres M. Mechanisms involved in the relationship between 
vitamin D and insulin resistance: impact on clinical practice. 
Nutrients. 2021 Oct 1;13:3491. DOI: 10.3390/nu13103491

39.	 American Diabetes Asocciation. 2. Classification and diagnosis of 
diabetes: Standards of medical care in diabetes - 2019. Diabetes 
Care. 2019;42:S13–28. DOI: 10.2337/dc19-S002

40.	 Echouffo-Tcheugui JB, Niiranen TJ, McCabe EL, Jain M, Vasan RS, 
Larson MG, et al. Lifetime prevalence and prognosis of prediabetes 
without progression to diabetes. Diabetes Care. 2018;41:117–8. 
DOI: 10.2337/dc18-0524

41.	 Brannick B, Dagogo-Jack S. Prediabetes and Cardiovascular 
Disease: Pathophysiology and Interventions for Prevention and 
Risk Reduction. Endocrinol Metab Clin North Am. 2018;47:33–50. 
DOI: 10.1016/j.ecl.2017.10.001

https://doi.org/10.1096/fj.02-0424fje 
https://doi.org/10.1096/fj.02-0424fje 
https://doi.org/10.1016/j.jsbmb.2012.10.017
https://doi.org/10.1007/978-3-031-79051-5_3
https://doi.org/10.1161/01.atv.11.4.1089
https://doi.org/10.1161/01.cir.85.2.648 
https://doi.org/10.1161/01.cir.85.2.648 
https://doi.org/10.51481/amc.v50i1.349
https://doi.org/10.37527/2019.69.4.003 
https://doi.org/10.2337/dc11-S062 
https://doi.org/10.2337/dc11-S062 
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1016/j.jsbmb.2010.06.013 
https://doi.org/10.1016/j.jsbmb.2010.06.013 
https://doi.org/10.1016/S0140-6736(10)60588-0
https://doi.org/10.1016/S2213-8587(13)70200-6
https://doi.org/10.1016/S2213-8587(14)70184-6 
https://doi.org/10.1016/S2213-8587(14)70184-6 
https://doi.org/10.1038/ng1847
https://doi.org/10.1186/s13742-015-0047-8 
https://doi.org/10.1186/s13742-015-0047-8 
https://doi.org/10.1038/s41586-019-1797-
https://doi.org/10.1007/s00125-019-4909-y
https://doi.org/10.51481/amc.v65i2.1292 
https://doi.org/10.1016/j.jsbmb.2013.09.012 
https://doi.org/10.1016/j.jsbmb.2013.09.012 
https://doi.org/10.1016/j.cca.2006.03.011
https://doi.org/10.1111/j.1423-0410.1988.tb03908.x
https://doi.org/10.3390/nu10091175 
https://doi.org/10.3390/nu13103491
https://doi.org/10.2337/dc19-S002
https://doi.org/10.2337/dc18-0524 
https://doi.org/10.1016/j.ecl.2017.10.001

