
 Demetra. 2025;20:e84778 

SCIENCE AND FOOD TECHNOLOGY 
DOI: 10.12957/demetra.2025.84778 

 

 

   e-ISSN:2238-913X  

 

 

 Mauro Celso de Souza¹ 

Giovanna Mozzaquattro 

Nascimento2 

Júlia Pessini2 

Simone Van de Sande-Lee3 

Marcelo Fernando Ronsoni4 

Erasmo Benicio Santos de 

Moraes Trindade5 

 

1 Universidade Federal de Santa 

Catarina , Programa de 

Residência Integrada 

Multiprofissional em Saúde. 

Florianópolis, SC, Brasil. 

2 Universidade Federal de Santa 

Catarina , Programa de Pós-

Graduação em Nutrição. 

Florianópolis, SC, Brasil. 

3 Universidade Federal de Santa 

Catarina , Departamento de 

Clínica Médica. Florianópolis, SC, 

Brasil. 

4 Universidade Federal de Santa 

Catarina , Programa de Pós-

Graduação em Ciências Médicas. 

Florianópolis, SC, Brasil. 

5 Universidade Federal de Santa 

Catarina , Departamento de 

Nutrição. Florianópolis, SC, Brasil. 

 

Correspondence 
Mauro Celso de Souza 

mauroosouzaa@hotmail.com 

 

Assistant Editor  

 Fernando Lamarca 

 

Serum vitamin D levels are correlated with 
cholesterol in individuals with type 2 diabetes 
mellitus and overweight  

Níveis séricos de vitamina D estão correlacionados com o 
colesterol de indivíduos com diabetes mellitus tipo 2 e 
excesso de peso 
 

Abstract 

Introduction: vitamin D (25OHD) plays an important role in carbohydrate and 

lipid metabolism. Vitamin D deficiency is frequently found in individuals with 

metabolic disorders. It is necessary to identify how serum levels of 25OHD 

correlate with these indicators in indiv iduals with type 2 diabetes mellitus 

(T2DM) and excess weight. Objective: to analyze the correlation between 

25OHD and body composition, anthropometric, and biochemical indicators in 

individuals with T2DM and excess weight. Métodos: cross-sectional study 

conducted at the University Hospital of Florianópolis, Brazil, in individuals with 

T2DM and excess weight. Body composition was determined by dual -energy 

X-ray absorptiometry. Anthropometric data were measured by standardized 

techniques. Biomarkers were ana lyzed from a serum sample. The correlation 

between 25OHD and the outcomes was verified using Spearman's 

correlation. Results: 20 individuals with 35 to 75 years old, of which 55% were 

female. Preserved muscle compartments were observed according to the 

appendicular muscle mass index, along with a high percentage of body fat in 

both sexes. Fifty percent of the individuals had vitamin D deficiency and 75% 

used supplementation. An inverse correlation was observed between 25OHD 

and total cholesterol (r= -0.52; p= 0.02) and non-HDL-c (r= -0.47 p= 0.04). 

Conclusion: The 25OHD levels are associated with the lipid profile of 

individuals with type 2 diabetes and overweight, showing an inverse 

correlation.  

 

Keywords: Diabetes Mellitus. Type 2. Overweight. Obesity. Vitamin D. 

Cholesterol.  

Resumo 

Introdução: A vitamina D (25OHD) exerce importante papel no metabolismo 

dos glicídios e lipídios; entretanto, sua deficiência é frequentemente 

encontrada em distúrbios metabólicos. Torna -se necessário identificar como 

os níveis séricos de 25OHD se correlacionam com esses indicadores em 

indivíduos com diabetes mellitus tipo 2 (DM2) e excesso de peso. Objetivo: 

Analisar a correlação entre a 25OHD e os indicadores de composição 

corporal, antropométricos e bioquímicos de indivíduos com DM2 e excesso 

de peso. Métodos: Estudo transversal conduzido no Hospital Universitário de 

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8472-3545
https://orcid.org/0000-0002-9522-5629
https://orcid.org/0000-0002-5592-1603
https://orcid.org/0000-0003-1187-9842
https://orcid.org/0000-0003-1736-4049
https://orcid.org/0000-0002-7830-3226
https://orcid.org/0000-0003-4988-2879
https://ror.org/041akq887
https://ror.org/041akq887
https://ror.org/041akq887
https://ror.org/041akq887
https://ror.org/041akq887


 2 

 

Demetra. 2025;20:e84778 

Florianópolis/SC em indivíduos com DM2 e excesso de peso. A composição 

corporal foi determinada por absorciometria de raio -x de dupla energia; os 

dados antropométricos aferidos por técnicas padronizadas; e os 

biomarcadores analisados por amostra sérica. A correlação entre a 25OHD e 

os desfechos foi verificada com o uso da correlação de Spearman. Resultados: 

20 indivíduos com idades entre 35 e 75 anos, sendo 55% do sexo feminino. 

Constataram-se compartimentos musculares preservados de acordo com o 

índice de massa muscular apendicular e elevado percentual de gordura em 

ambos os sexos. Cinquenta por cento dos indivíduos apresentaram 

deficiência de vitamina D e 75% utilizavam suplementação. Observou-se 

correlação inversamente proporcional entre a 25OHD e o coles terol total (r= 

-0.52 e p valor= 0.02) e não HDL-c (r= -0.47 e p valor= 0.04). Conclusão: Há 

associação entre os níveis de 25OHD e o perfil lipídico de indivíduos com DM2 

e excesso de peso, evidenciando uma correlação inversa.  

 

Palavras-chave: Diabetes Mellitus Tipo 2. Sobrepeso. Obesidade. Vitamina D. 

Colesterol. 
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INTRODUCTION 

Diabetes mellitus (DM) is a highly prevalent chronic disease considered a global public health problem 

that affects approximately 537 million people worldwide. Its main characteristic is hyperglycemia resulting 

from the insufficient production or ineffecti ve action of insulin.1 The development of type 2 diabetes (T2D) is 

associated with the presence of excess weight, characterized by an elevated body mass index (BMϥ) (ɰ 25 

kg/m²), including both overweight and obesity. 2 

Excess weight affects glycemic metabolism by influencing insulin resistance through the intensification 

of pro -inflammatory signaling, increased glucolipotoxicity, and the maintenance of a state of lipolysis. 3,4 The 

interrelationships between T2D and excess weight are widely investigated, as their simultaneous occurrence 

leads to metabolic changes that establish an interdependent cycle among adipose tissue, glycemic control, 

and, consequently, insulin resistance.5 

Due to the physiological and metabolic changes of T2D, studies are investigating its relationship with 

serum micronutrient levels in the health -disease process.6 Among micronutrients, vitamin D stands out 

because its deficiency is common in individuals with endocrine disorders, such as type 2 diabetes (T2D) and 

obesity,7 since the serum level of 25-hydroxyvitamin D (25OHD) is lower in cases of excess weight, reflecting 

fat distribution, extracellular fluid, and muscle mass. 8 

Vitamin D plays a protective role, reducing insulin resistance, glycemia, and glycated hemoglobin.9 

However, despite its beneficial effect, individuals with T2D frequently show low 25OHD levels, which can lead 

to a dysregulation of the lipid profile, including a reduction in high -density lipoprotein (HDL -c) and an increase 

in total cholesterol and trigl yceride levels.10 Considering the importance of vitamin D for carbohydrate and 

lipid metabolism, it is necessary to identify its relationship with the carboh ydrate and lipid profile in individuals 

with excess weight and T2D, given that there is an interdependence. 11,12 

Considering the above, this article aims to analyze the correlation between serum 25OHD levels and 

the biochemical markers, body composition indicators, and anthropometric data of individuals with T2D and 

overweight who are followed up at an outpatient cli nic. 

 

METHODS 

Study design and sample 

A cross-sectional study with a quantitative approach, conducted with baseline data of a randomized 

clinical trial, registered on the platform Clinical Trials n° NCT05418179. Data collection was carried out at the 

diabetes mellitus outpatient clinic of the Endocrinology and Metabolism Service of the University Hospital of 

the Federal University of Santa Catarina, located in Florianópolis, Santa Catarina, Brazil. The sampling process 

occurred by temporal saturation. The sample consisted of individuals followe d by the outpatient clinic who 

met the inclusion criteria during the initial screening, which was conducted by the researchers based on 

physical and electronic medical record data, and who agreed to participate in the study by signing the 

Informed Consent Form. Data was collected between 2021 and 2023. For the analysis, data from the 

participantsɅ baseline, before the start of the randomized clinical trial intervention, were used. 

Inclusion criteria were: adults (35 to 75 years) diagnosed with type 2 diabetes (T2D) for at least 1 year 

(ɰ 1 year); of both sexes; with BMϥ between 25.00 kg/m² and 39.99 kg/m²; glycated hemoglobin (HbA1c) ɯ 

9.0% and; using metformin, either alone or in c ombination with other anti -diabetic drugs for T2D treatment.  

The exclusion criteria were determined by the need to specify the study population of the randomized 

clinical trial, which used probiotics in its intervention. Participants were excluded if they had: intestinal 
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diseases or a history of previous gastrointestinal surgeries, food intolerances or allergies with a previous 

medical diagnosis, a glomerular filtration rate < 30 ml/min/1.73 m², inflammatory diseases, or 

immunodeficiencies. A diagnosis of autonomic neuropa thy with gastrointestinal involvement, such as diabetic 

gastroparesis, diabetic enteropathy, or colonic hypomotility. Used anti -inflammatory drugs or antibiotics, or 

were hospitalized up to one month before or during the study. Regular use of laxatives, op ioid narcotic 

analgesics, or appetite suppressants. 

In addition, the following were excluded from the study: current or previous users (up to 1 month) of 

prebiotics, probiotics, synbiotics, or products enriched with these dietary supplements; individuals intolerant 

to prebiotics, probiotics, or synbiotics; pregnant or lactating women; individuals who were following a 

nutritionist -guided diet for weight loss or gain up to 1 month before the study, or who were currently following 

unusual diets; those who consumed alcohol (> 1 drink/day or 14 g of alcohol for w omen and > 2 drinks/day 

or 28 g of alcohol for men); illicit drug users and smokers; individuals who had a change in hypolipidemic 

and/or anti -diabetic drugs in the 3 months prior to the research.  

This study was approved by the Research Ethics Committee of the University, No. 4.800.072. The study 

followed the principles established in the Declaration of Helsinki and in Resolution No. 466 of 2012 of the 

National Health Council.13 

General and demographic data collection 

Personal and clinical data to characterize the individuals were collected from medical records and 

confirmed using a structured questionnaire with self -reported answers from the participants. Data related 

to sex, age, supplementation used, and the presence  of a menstrual period for females were collected. 

Regarding the supplements used, prescriptions in the electronic medical record were consulted (active 

ingredient, dose, and dosage) and then cross-referenced with the patient's report to confirm consumptio n 

and identify the use of other non -prescribed supplements. The presence or absence of a menstrual period 

was determined by the date of the last menstruation or a menopause diagnosis.  

Anthropometric measurements 

The assessment of nutritional status was determined using data on body weight, height, BMI, and waist 

circumference (WC), according to the World Health Organization (WHO).14,15 To obtain the parameters, a 

calibrated electronic scale (Welmy®) with a capacity of 300 kg and an accuracy of 50 g was used, along with 

a stadiometer attached to the platform with a capacity of 2 m and an accuracy of 0.5 cm, and a non -

stretchable measuring  tape (Sanny®) with an accuracy of 0.1 cm. Two measurements were taken; if the 

difference was ɯ 1 cm, the average was calculated, and if > 1 cm, the measurement was repeated. 

With the measured obtained and/or calculated, the classification was as follows: a waist circumference 

(WC) > 88 cm for women and > 102 cm for men indicates a very high risk for cardiovascular diseases.16 

Body composition 

Body composition was determined using dual -energy X-ray absorptiometry (DXA) (Lunar Prodigy 

Advance, GE Healthcare ɀ Diegem, Belgium) to estimate bone mineral density (BMD), bone mineral content 

(BMC), lean mass, and body fat (in kg and %). The DXA measurement was performed by a trained technician 

according to the manufacturer's guidelines (GE Healthcare), with the device calibrated daily before the start 

of the assessments. For the procedure, participants were instructed to be fasting, barefoot, in light c lothing, 

and without metallic objects, in addition to removing belts, jewelry, and piercings. Participants were 

positioned lying on their back on the equipment table, keeping their arms and legs away from their body and 

remaining completely still for 10 to  15 minutes (the average full -body scan time). Appendicular muscle mass 
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(AMM) was calculated by summing the muscle mass of each participant's arms and legs. The appendicular 

muscle mass index (AMMI) was estimated by the ratio of AMM to height squared (AMM/height²), 17 with an 

adequate lean mass level classified as > 5.5 kg/m² for women and > 7 kg/m² for men. 17,18 For the classification 

of body fat percentage, the parameters from Lohman 19 were used, which consider high fat accumulation 

when it is ɰ 32% for women and ɰ 25% for men. 

Biochemical markers 

Approximately 20 mL of peripheral venous blood was collected by a trained laboratory technician from the 

individuals' antecubital region after an 8 - to 10-hour fast.20 For blood collection, tubes containing EDTA (Vacutainer® 

system BD Biosciences - Abingdon, UK) or separator gel (Vacutainer® system BD Biosciences - Abingdon, UK) were used. 

Glycemic metabolism was determined and expressed using fasting glucose in mg/dL, via the enzymatic method, 

glycated hemoglobin in %, via the ion-exchange chromatography method, and fasting insulin in ǇUI/mL, determined by 

the immunometric chemiluminescence assay. The lipid profile consisted of total cholesterol, HDL -c, and triglycerides, which 

were determined by the colorimetric enzymatic method. Low -density lipoprotein (LDL-c) was calculated using the 

Friedewald, Levy, and Fredrickson equation [(total cholesterol - HDL-c) - (triglycerides / 5)] in mg/dL.21 Non-HDL-c was 

obtained by subtracting HDL -c from total cholesterol.  

Serum 25OHD levels were determined using microparticle chemiluminescence. All biochemical analyses were 

performed according to the manufacturers' instructions and validated methodologies.   

For the analysis of the adequacy of fasting glucose and glycated hemoglobin in individuals with type 2 diabetes (T2D), 

the values used were, respectively, between 80 and 130 mg/dL and < 7.0%.22 Based on an analysis of HOMA-IR values for 

the Brazilian population, people with a value > 2.71 units are classified as having insulin resistance.23,24 

Regarding the lipid profile: normocholesterolemia was defined if total cholesterol was < 190 mg/dL; 

normotriglyceridemia was defined when triglycerides were < 150 mg/dL; and adequate HDL -c levels were defined as > 40 

mg/dL.25 Serum vitamin D levels were considered adequate when 20 ng/mL for adults (up to 59 years old) with type 2 

diabetes (T2D) or 30 ng/mL for elderly individuals (60 years and older) with T2D. Values below these reference ranges were 

classified as hypovitaminosis D.26 

Statistical analyses  

Statistical analysis was performed using STATA® software, version 14.0 for Windows®. The normality 

of the variables was analyzed using the Shapiro-Wilk normality test; if the result was < 0.05, the data's 

normality was rejected, and nonparametric tests wer e used. Continuous variables were presented as mean 

and standard deviation when the data distribution was symmetric, and as median and interquartile range 

when asymmetric. Categorical variables were described using categories and frequency. The association 

between serum 25OHD levels and the other parameters was verified using Spearman's correlation for all 

variables, taking into account the sample size. The strength of the correlations was classified according to 

Mukaka's indicators:27 The strength of the correlations was classified as follows: 0.90 to 1.00 very high 

correlation; 0.70 to 0.89 high correlation; 0.50 to 0.69 moderate correlation; 0.30 to 0.49 low correlation and;  

0.00 to 0.29 insignificant correlation. The indicators were considered independent of the correlation's 

direction.  

RESULTS 

The sample consisted of 20 individuals, with a predominance of female sex (55%), 81.8% of whom were 

at the physiological stage of menopause. Individuals of the male sex had a mean age of 61 years, and the 

female sex had a mean age of 57 years (Table 1). 
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Table 1. Characterization of individuals with type 2 diabetes mellitus and overweight. Florianópolis, SC, Brasil, 2021-

2023 (n=20) 

 
 

Variables Female sex (n=11) Male sex (n=9) Total (n=20) 
 

Years (age) 56.55 ± 7.21 60.83 ± 8.08 58.35 ± 7.84  
 

Menopause  81.82 (n=9) - - 
 

Anthropometric data     
  

Weight (kg) 82.66 ± 10.83 89.6 ± 10.69 85.79 ± 11.06 
 

Height (m) 1.58 ± 0.06 1.71 ± 0.08 1.64 ± 0.09 
 

Body mass index (kg/m²) 33.05 ± 5.02 30.44 ± 2.55 31.88 ± 4.22 
 

Waist circumference (cm) 107.78 ± 11.85 107.66 ± 7.02 107.72 ± 9.73 
 

Body composition data  
  

  

Bone Mineral Density (g/cm²) 1.16 ± 0.10 1.24 ± 0.10 1.19 ± 0.11 
 

Bone Mineral Content (g) 2.44 ± 0.54 3.19 ± 0.49 2.77 ± 0.63 
 

AMMI (kg/m²) 7.38 ± 0.98 8.55 ± 0.86 7.90 ± 1.08 
 

Body fat (%) 42.22 ± 5.72 32.09 ± 4.27 37.72 ± 7.19 
 

Biochemical analysis  
  

  

Glycated hemoglobin - HbA1c (%) 8.05 ± 1.26 8.13 ± 1.05 8.08 ± 1.14 
 

Fasting glucose (mg/dL) 168.64 ± 51.48 149.56 ± 35.87 160.05 ± 45.07 
 

Fasting insulin (ǇUϥ/mL) 21.26 (7.7 ɀ 39.75) 13.67 (8.64 ɀ 29.87) 17.51 (8.52 ɀ 39.75) 
 

HOMA-IR (un) 8.27 (3.32 ɀ 20.39) 4.64 (2.77 ɀ 13.05) 5.44 (3.24 ɀ 16.93) 
 

Triglycerides (mg/dL) 153 (117 ɀ 181) 154 (130 ɀ 219) 153.5 (117.5 ɀ 186.0) 
 

Total cholesterol (mg/dL) 155 (145 ɀ 173) 149 (147 ɀ 179) 153.5 (146.0 ɀ 176.0) 
 

LDL-c (mg/dL) 83.31 (78 ɀ 99.5) 77.79 (57.23 ɀ 98.53) 81.08 (75.5 ɀ 99.01) 
 

HDL-c (mg/dL) 46.72 ± 11.17 41.56 ± 12.48 44.4 ± 11.76 
 

Non HDL-c (mg/dL) 120.09 ± 42.74 121.89 ± 53.12 120.9 ± 46.37 
 

25OHD (ng/mL) 29.07 ± 6.49 26.87 ± 9.55 28.08 ± 7.86 
 

Vitamin D supplementation  
  

  

Yes (%) 72.73 (n=8) 77.78 (n=7) 75.00 (n=15) 
 

Serum 25OHD levels 
  

  

*Deficiency (%) 36.36 (n=4) 66.67 (n=6) 50.00 (n=10) 
 

*Adequacy (%)  63.64 (n=7) 33.33 (n=3) 50.00 (n=10) 
 

Antidiabetic drugs  
  

  

Biguanides (metformin)  100 (n=11) 100 (n=9) 100 (n=20) 
 

Sulfonylureas 36.36 (n=4) 22.22 (n=2) 30.00 (n=6) 
 

Thiazolidinediones 9.09 (n=1) 0 (n=0) 5.00 (n=1) 
 

Insulin 45.45 (n=5) 66.67 (n=6) 55.00 (n=11) 
 

n: number %: percentage kg: kilogram m: meters kg/m²: kilogram per square meter cm: centimeters g/cm²: grams per 

square centimeter g: gram DP: standard deviation HbA1c: glycated hemoglobin mg/dL: milligram per deciliter ǇUI/mL: 

microunits per milliliter LDL -c: low-density lipoprotein cholesterol HDL -c: high-density lipoprotein cholesterol ng/mL: 

nanogram per milliliter un: unit  

*Vitamin D adequacy when values > 20 ng/mL in adults (up to 59 years old) and > 30 ng/mL in elderly individuals (60 

years or older).26 
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Individuals of both sexes were classified as having grade I obesity by BMI and a very high risk for 

developing cardiovascular diseases based on waist circumference (WC). A high accumulation of body fat was 

observed in both sexes, by DXA analysis. The appendicular muscle mass index (AMMI) recorded adequate 

levels of lean body mass. 

Regarding the biochemical parameters, a high average glycemic profile was notable, indicating 

hyperglycemia from the fasting glucose and glycated hemoglobin tests. The HOMA -IR marker confirmed the 

presence of insulin resistance. As for the lipid profile, i ndividuals showed a median corresponding to 

normocholesterolemia, slight hypertriglyceridemia, and adequate average HDL -c levels. Based on the 

adequacy criteria for serum 25OHD levels, considering age and sex, approximately 63.6% of the female sex 

had adequate levels, while 66.7% of the male sex had a deficiency. Regardless of age and sex, 75% of the 

participants used vitamin D supplements.  

When evaluating the correlation between serum 25OHD levels and the body composition, 

anthropometric, and biochemical parameters (Table 2), an inverse correlation was found between 25OHD 

levels and total cholesterol (moderate correlation) and non -HDL-c (low correlation). Figure 1 presents scatter 

plots of the correlation between 25OHD levels and total cholesterol and non -HDL-c. No significant correlation 

was observed in the assessment of the other parameters, which may be a reflection of this study's sample 

size. 

 

Table 2. Correlation between serum 25OHD levels and body composition, anthropometric, and biochemical parameters 

of individuals with type 2 diabetes mellitus and overweight.. Florianópolis, SC, Brasil, 2021-2023 (n=20). 

 
 

Parameters r p-value 

Age -0.19 0.42 

Weight -0.37 0.11 

Body Mass Index  -0.41 0.07 

Waist circumference  -0.41 0.07 

Bone Mineral Density  0.03 0.91 

Bone Mineral Content  0.04 0.87 

T-Score -0.06 0.81 

AMMI  -0.22 0.37 

Body fat (%)  -0.37 0.13 

Glycated hemoglobin   0.08 0.73 

Fasting glucose -0.13 0.58 

Fasting insulin -0.37 0.12 

HOMA-IR -0.41 0.08 

Triglycerides -0.22 0.34 

Total cholesterol  -0.52 0.02 

LDL-c  -0.31 0.18 

HDL-c  -0.05 0.83 

Non HDL-c -0.47 0.04 

r: correlation coefficient for each variable versus serum vitamin D concentration. LDL -c: low-density lipoprotein 

cholesterol. HDL-c: high-density lipoprotein cholesterol. *Correlation used for all tests: Spearman's correlation.  
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Figure 1. Scatter plots regarding the correlation between total cholesterol, non -HDL cholesterol, and serum 25OHD 

levels in individuals with type 2 diabetes mellitus and excess weight. Florianópolis/SC, Brasil, 2021-2023 (n=20) 

 

 

Chart A: Correlation between serum 25OHD levels and total cholesterol of the 20 monitored individuals.Chart B: 

Correlation between serum 25OHD levels and non -HDL cholesterol of the 20 monitored individuals.mg/dL: milligram per 

deciliter. Non -HDL cholesterol: non-high-density lipoprotein cholesterol. ng/mL: nanogram per milliliter. 25OHD: 25-

hydroxyvitamin D. 

 

DISCUSSION 

Based on our results, an inverse correlation was found between an increase in serum 25OHD levels 

and a decrease in total cholesterol and non -HDL-c. In addition, preserved muscle compartments were 

observed along with the presence of excessive body fat accum ulation. The presence of hyperglycemia and 

insulin resistance was also confirmed. It's important to highlight that the highest degree of 25OHD deficiency 

was found in males, who also had the lowest use of vitamin D supplements.  

Regarding the effect of vitamin D on the lipid profile, a clinical trial that administered 4,500 IU of vitamin 

D per day for 2 months to 68 individuals with T2D, aged between 40 and 60 years, revealed that participants 

with high 25OHD levels (> 61 ng/mL) had lower concentrations of total cholesterol and LDL -c compared to 

those in the lower percentiles. 28 This result is consistent with the findings of the present study, which indicate 

that the higher the serum 25OHD levels, the lower the total cholesterol an d non-HDL-c values. This finding 

was also observed in a cross-sectional study with 472 individuals with T2D aged over 20, which showed that 

low 25OHD levels are associated with high levels of HbA1c, LDL-c, and triglycerides, highlighting the important 

role of vitamin D in the homeostasis of the lipid profile. 29 

The influence of vitamin D deficiency on dyslipidemia is, in part, due to its effects on hepatic lipid 

metabolism (assisting in its maintenance)30 and on intestinal calcium absorption. This calcium, along with fatty 

acids, creates insoluble complexes that inhibit lipid absorption. 31 As a result, vitamin D increases calcium 

levels and reduces the formation of triglycerides and hepatic secretion. 32 Additionally, vitamin D can 

abnormally affect lipid metabolism due to altered calcium availability. Therefore, v itamin D deficiency impacts 

the proper function of lipid metabolism and calcium availability, resulting in a dysregulation of the lipid profile, 

which represents a double burden. Studies that clarify this dual influence (vitamin D and calcium) in 

individuals with T2D and overweight are scarce.31 

In overweight individuals, because it is a fat-soluble micronutrient, vitamin D accumulates in excess 

adipose tissue. This reduces its availability for other body tissues, such as the liver, which is responsible for 

the synthesis of lipoproteins and needs the vitamin for its balanced function. 33 In individuals with type 2 
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diabetes (T2D), overweight can influence glycemic metabolism and, consequently, insulin resistance, 

intensifying the inflammatory process that contributes to the dysregulation of the lipid profile. 3,4 In individuals 

with T2D, vitamin D can also influence insulin production by regulating the flow of calcium through the cell 

membrane of ƽ-cells and vitamin D receptors. 34 Thus, both overweight and T2D constitute a dual effect that 

tends to dysregulate the lipid profile due to physiological changes and vitamin D deficiency. 

When compared to individuals without T2D (n=208), those with T2D (n=198) had significantly lower 

values of HDL, 25OHD, free vitamin D, and bioavailable vitamin D. They also showed significantly higher values 

of triglycerides, remnant cholesterol, and CRP. This suggests that the inflammation observed in T2D may 

increase the concentrations of vitamin D -binding protein and decrease the levels of bioavailable vitamin D. 10 

Individuals with obesity have lower serum 25OHD levels (approximately 20% less) compared to those 

with a weight within the adequate range. The serum 25OHD concentration is inversely correlated with body 

weight, BMI, and the amount of adipose tissue. 8,35,36 Vitamin D deficiency in obesity plays a significant role in 

the development of insulin resistance and the onset of T2D. This is because vitamin D has a direct influence 

on adipogenesis, the modulation of insulin sensitivity in peripheral tissues, the regu lation of insulin secretion, 

and the control of the immune system. 37 

Our study found that half of the participants had a 25OHD deficiency, which may have led to a medical 

prescription for supplementation to correct the hypovitaminosis. This finding shows that this population 

tends to have reduced vitamin D levels, which can result in complications in the health -disease process. In 

other words, the 25OHD deficit may have influenced the lipid profile. However, an important limitation of this 

study is the absence of a retrospective assessment of 25OHD levels and the lipid profi le, which prevents 

subsequent comparisons.  

A high concentration of body fat was found in both sexes by analyzing the percentage of fat provided 

by DXA. There was no evidence of muscle mass reduction among the participants in this study based on the 

AMMI. In contrast, Misnikova, Kovaleva, Polyakova & Dreval38 found, after evaluating the AMMI in individuals 

with T2D and overweight, that the higher the age, the smaller the muscle compartments and the greater the 

fat accumulation, which aligns with the BMI for overweight and obesity.  

Gupta et al.,39 through a systematic review and meta -analysis of 20 observational studies using DXA, 

found that the presence of type 2 diabetes (T2D) is associated with twice the odds of having low muscle 

indices. In women, elevated visceral fat was correlated with up to  4 times the odds of a T2D diagnosis. 

BMD rates are higher in individuals with T2D 40 and obesity.41 To date, no BMD reduction has been 

observed in individuals with T2D and obesity however, there is evidence suggesting that bone fragility is 

related to changes in bone quality. 40 T2D, in both individuals with obesity and those with adequate weight, 

presents an increased risk of fragility fractures. 42 Insulin has unfavorable anabolic effects on bones, and 

excess insulin is associated with reduced bone turnover. 43 

Considering that a significant proportion of patients with type 2 diabetes (T2D) also have overweight, it 

is challenging to distinguish the individual influences of these two conditions on bone health. 40 In a clinical 

trial with 112 men between 35 and 65 years old, affected by obesity with and without T2D, which analyzed 

biochemical parameters of bone metabolism, body composition, BMD, bone microstructure, and strength, it 

was evident that the coexistence  of obesity and T2D is related to a decrease in the r ate of bone turnover, as 

well as a deterioration in the bone's trabecular microarchitecture and bone strength, when compared to the 

condition of obesity without T2D. These findings suggest that bone health may be more compromised in the 

setting of obesity associated with T2D.44 
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Establishing a reference point to evaluate total body BMD and BMC using DXA is necessary for the 

analysis of bone health in people with T2D and overweight. This type of monitoring can provide crucial 

information about the interrelationships between hypergl ycemia and bone metabolism over time, as studies 

have concluded that bone and glucose homeostasis are directly and dependently related. 45 

Beyond the results, our study presented relevant points, such as the comprehensive analysis of 

different mechanisms of the body (body composition, anthropometric, and biochemical data) and their 

influence on the health -disease process. It also highlighted the influence of vitamin D on important 

parameters for body homeostasis. The following limitations were identified: the sample size, which may have 

restricted the correlations found; the wide age range (adults and elderly), which can make the sample more 

heterogeneous; and the inherent limitation of the cross -sectional study design, which makes it impossible to 

infer a causal relationship.  

 

CONCLUSION 

There is an association between serum 25OHD levels and the lipid profile of individuals with T2D and 

overweight, demonstrating an inverse correlation where higher 25OHD levels are associated with lower 

concentrations of total cholesterol and non -HDL-c. No correlations were observed with body composition.  

Future studies should further investigate the impact of 25OHD levels on the lipid profile in larger and 

more diverse populations. They should also explore the underlying mechanisms of this inverse correlation 

and evaluate the effects of different doses and  durations of vitamin D supplementation on lipid markers in 

individuals with T2D and overweight. . 

 

REFERENCES 

1. International Diabetes Federation. IDF Diabetes Atlas. 10th ed. [Internet]. Brussels: IDF; 2021. [acesso em 20 out 

2023]. Disponível em: https://www.diabetesatlas.org  

2. GBD 2015 Obesity Collaborators. Health Effects of Overweight and Obesity in 195 Countries over 25 Years. New 

England Journal of Medicine. 2017;377:13-27. https://doi.org/10.1056/NEJMoa1614362  

3. Boden G. Obesity, insulin resistance, and free fatty acids. Curr Opin Endocrinol Diabetes Obes. 2011;18:139-143. 

http://dx.doi.org/10.1097/MED.0b013e3283444b09  

4. Torres S, Fabersani E, Marquez A, Gauffin-Cano P. Adipose tissue inflammation and metabolic syndrome. The 

proactive role of probiotics. European Journal of Nutrition. 2019;58:27 -43. https://doi.org/10.1007/s00394 -018-

1790-2 

5. McNelis JC, Olefsky JM. Macrophages, Immunity, and Metabolic Disease. Immunity.2014;41:36 -48. 

https://doi.org/10.1016/j.immuni.2014.05.010  

6. Martini LA, Catania AS, Ferreira SRG. Role of vitamins and minerals in prevention and management of type 2 

diabetes mellitus. Nutrition  Reviews. 2010;68:341-354. https://doi.org/10.1111/j.1753 -4887.2010.00296.x 



 Vitamin D and cholesterol in T2DM 11 

 

Demetra. 2025;20:e84778 

7. Galuƈca D, Popoviciu MS, Babeƈ EE, Vidican M, Zaha AA, Babeƈ VV, et al. Vitamin D Implications and Effect of 

Supplementation in Endocrine Disorders: Autoimmune Thyroid Disorders (HashimotoɅs Disease and Graves 

Disease). Diabetes Mellitus and Obesity. Medicina (Lithuania). 2022;58(2):194. 

https://doi.org/10.3390/medicina5802019 4 

8. Walsh JS, Evans AL, Bowles S, Naylor KE, Jones KS, Schoenmakers I, et al. Free 25-hydroxyvitamin D is low in obesity, 

but there are no adverse associations with bone health. American Journal of Clinical Nutrition. 2016;103:1465 -

1471. https://doi.org/10.394 5/ajcn.115.120139 

9. Siranaula GMF, Rosales CGC, Sarez CMT. Role of vitamin D in patients with type 2 diabetes mellitus. Salud, Ciencia y 

Tecnologia. 2022;2(S1):202. https://doi.org/10.56294/saludcyt2022202   

10. Turkes GF, Uysal S, Demir T, Demiral Y, Pamuk BO, Yılmaz H, et al. Associations Between Bioavailable Vitamin D and 

Remnant Cholesterol in Patients with Type 2 Diabetes Mellitus. Cureus. 2021;13(2). 

https://doi.org/10.7759/cureus.13248  

11. Ribeiro CI, Nobre EL, Martins-Martins J. A Vitamina D na Diabetes Mellitus Tipo 2. Revista Portuguesa de Diabetes. 

2021;16(1):13-24. 

12. Papaioannou I, Pantazidou G, Kokkalis Z, Georgopoulos N, Jelastopulu E. Vitamin D Deficiency in Elderly with 

Diabetes Mellitus Type 2: A Review. Cureus. 2021;5;13(1). https://doi.org/10.7759/cureus.12506.  

13. Brasil. Resolução nº 466, de 12 de dezembro de 2012. Dispõe sobre diretrizes e normas regulamentadoras de 

pesquisas envolvendo seres humanos. Diário Oficial da República Federativa do Brasil, Brasília, DF [Internet]. 2013 

Jun 13 [acesso em 20 out 2023]. Disponível em: http://bit.ly/1mTMIS3  

14. World Health Organization. Waist circumference and waist -hip ratio: report of a WHO expert consultation, Geneva, 

8-11 December 2008. World Health Organization, 2011.  

15. World Health Organization. Physical status: the use and interpretation of anthropometry. Report of a WHO Expert 

Committee. Geneva: World Health Organization. 1995;854:1-452. 

16. World Health Organization. Obesity: preventing and managing the global epidemic: report of a WHO consultation. 

Geneva: World Health Organization. 2000. 

17. Gould H, Brennan SL, Kotowicz MA, Nicholon GC, Pasco AP. Total and appendicular lean mass reference ranges for 

Australian men and women: The Geelong osteoporosis study. Calcif Tissue Int.2014;94:363-372. 

https://doi.org/10.1007/s00223 -013-9830-7 

18. Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross RR, et al. Epidemiology of Sarcopenia 

among the Elderly in New Mexico. Am J Epidemiol. 1998;147(8):755-63. 

https://doi.org/10.1093/oxfordjournals.aje.a00977  



 12 

 

Demetra. 2025;20:e84778 

19. Lohman TG. Advances in body composition assessment. Champaign, IL: Human Kinetics Publishers [Internet]. 1992 

[acesso em 25 out 2023]. Disponível em: https://www.scielosp.org/pdf/csp/1993.v9suppl1/S116 -S117/en 

20. World Health Organization. Diretrizes da OMS para a tiragem de sangue: boas práticas em flebotomia. World 

Health Organization, 2010. 

21. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the Concentration of Low Density Lipoprotein Cholesterol in 

Plasma, Without Use of the Preparative Ultracentrifuge. Clin Chem. 1972;18(6). 

https://doi.org/10.1093/clinchem/18.6.499  

22. Pititto B, Dias M, Moura F, Lamounier R, Calliari S, Bertoluci M. Metas no tratamento do diabetes. Diretriz Oficial da 

Sociedade Brasileira de Diabetes (2022) [Internet]. São Paulo: SBD; 2023 [acesso em 26 out 2023]. 

https://doi.org/10.29327/557753.2022 -3, ISBN: 978-85-5722- 906-8. 

23. Geloneze B, Vasques ACJ, Stabe CFC, Pareja JC, Rosado LEFPL, Queiroz EC, et al. HOMA1-IR and HOMA2-IR indexes 

in identifying insulin resistance and metabolic syndrome ɀ Brazilian Metabolic Syndrome Study (BRAMS). Arq Bras 

Endocrinol Metab. 2009;53(2):281ɀ7. https://doi.org/10.1590/S0004 -27302009000200020  

24. Geloneze B, Repetto EM, Geloneze SR, Tambascia MA, Ermetice MN. The threshold value for insulin resistance 

(HOMA-IR) in an admixture population. IR in the Brazilian Metabolic Syndrome Study. Diabetes Res Clin Pract. 

2006;72(2):219ɀ20. https://doi.org/10.1016/j.diabres.2005.10.017  

25. Faludi AA, Izar MCO, Saraiva JFK, Chacra APM, Bianco HT, Afiune A Neto, et al. Atualização da Diretriz Brasileira de 

Dislipidemias e Prevenção da Aterosclerose ɀ 2017. Arq Bras Cardiol. 2017;109(5 Suppl 1):1ɀ76. 

26. Moreira CA, Ferreira CEDS, Madeira M, Silva BCCS, Maeda SS, Batista MC, et al. Reference values of 25-

hydroxyvitamin D revisited: a position statement from the Brazilian Society of Endocrinology and Metabolism 

(SBEM) and the Brazilian Society of Clinical Pathology/Laboratory Medicine (SBPC). Arch Endocrinol Metab. 

2020;64(4):462ɀ78. https://doi.org/10.20945/2359 -3997000000258   

27. Mukaka MM. Statistics Corner: a guide to appropriate use of correlation coefficient in medical research. Malawi 

Med J. 2012;24(3):69ɀ71. 

28. Mohamad MI, El-Sherbeny EE, Bekhet MM. The effect of vitamin D supplementation on glycemic control and lipid 

profile in patients with type 2 diabetes mellitus. J Am Coll Nutr. 2016;35(5):399ɀ404. 

https://doi.org/10.1080/07315724.2015.1026427  

29. Alotaibi AB, Melnasieh A, Alduraibi K. The correlation between vitamin D levels and the glycemic marker HbA1c and 

lipid profile in patients with type 2 diabetes mellitus: a study at the King Saud Medical City, Riyadh. Cureus. 

2024;16(4):e57927. https://doi.org/10.7759/cureus.57927  



 Vitamin D and cholesterol in T2DM 13 

 

Demetra. 2025;20:e84778 

30. Barchetta I, Angelico F, Del Ben M, Baroni MG, Pozzilli P, Morini S, Cavallo MG. Strong association between non-

alcoholic fatty liver disease (NAFLD) and low 25(OH) vitamin D levels in an adult population with normal serum liver 

enzymes. BMC Med. 2011;9:85. https://doi.org/10.1186/1741 -7015-9-85  

31. Baker JF, Mehta NN, Baker DG, Toedter G, Shults J, Von Feldt JM, et al. Vitamin D, metabolic dyslipidemia, and 

metabolic syndrome in rheumatoid arthritis. Am J Med. 2012;125(10):1036.e9ɀ1036.e15. 

https://doi.org/10.1016/j.amjmed.2012.01.025   

32. Skaaby T, Husemoen LL, Martinussen T, Thyssen JP, Melgaard M, Thuesen BH, et al. Vitamin D status, filaggrin gene 

type, and cardiovascular risk factors: a Mendelian randomization approach. PLoS One. 2013;8(2):e57647. 

https://doi.org/10.1371/journal.pone.00 57647  

33. Reczkowicz J, Mika A, Antosiewicz J, Kortas J, Proczko-Stepaniak M, Śledziński T, et al. Bariatric surgery induced 

changes in blood cholesterol are modulated by vitamin D status. Nutrients. 2022;14(10):2000. 

https://doi.org/10.3390/nu14102000  

34. El-Fakhri N, McDevitt H, Shaikh MG, Halsey C, Ahmed SF. Vitamin D and its effects on glucose homeostasis, 

cardiovascular function and immune function. Horm Res Paediatr. 2014;81(6):363 ɀ78. 

https://doi.org/10.1159/000357731.   

35. Samuel L, Borrell LN. The effect of body mass index on optimal vitamin D status in U.S. adults: The National Health 

and Nutrition Examination Survey 2001ɀ2006. Ann Epidemiol. 2013;23:409ɀ14. 

https://doi.org/10.1016/j.annepidem.2013.05.011  

36. Macdonald HM, Mavroeidi A, Barr RJ, Black AJ, Fraser WD, Reid DM. Vitamin D status in post menopausal women 

living at higher latitudes in the UK in relation to bone health, overweight, sunlight exposure and dietary vitamin D. 

Bone. 2008;42:996ɀ1003. 

37. Greco EA, Lenzi A, Migliaccio S. Role of hypovitaminosis D in the pathogenesis of obesity-induced insulin resistance. 

Nutrients. 2019;11(7):1506. https://doi.org/10.3390/nu11071506  

38. Misnikova IV, Kovaleva YA, Polyakova EY, Dreval AV. Assessment of muscle and fat mass in type 2 diabetes patients 

by dual-energy X-ray absorptiometry. J Gen Health. 2021;1(3):364ɀ72. https://doi.org/10.47829/JJGH.2020.5702 

39. Gupta P, Lanca C, Gan ATL, Soh P, Thakur S, Tao Y, et al. The association between body composition using dual-

energy X-ray absorptiometry and type 2 diabetes: a systematic review and meta -analysis of observational studies. 

Sci Rep. 2019;9(1):12634. https://doi.org/10.1038/s41598 - 019-49162-5 

40. Cortet B, Lucas S, Legroux-Gerot I, Penel G, Chauveau C, Paccou J. Bone disorders associated with diabetes mellitus 

and its treatments. Joint Bone Spine. 2019;86:315ɀ20. https://doi.org/10.1016/j.jbspin.2018.08.002  



 14 

 

Demetra. 2025;20:e84778 

41. Evans AL, Paggiosi MA, Eastell R, Walsh JS. Bone density, microstructure, and strength in obese and normal weight 

men and women in younger and older adulthood. J Bone Miner Res. 2015;30:920ɀ8. 

https://doi.org/10.1002/jbmr.2407  

42. Pritchard JM, Giangregorio LM, Atkinson SA, Beattie KA, Inglis D, Ioannidis G, et al. Changes in trabecular bone 

microarchitecture in post menopausal women with and without type 2 diabetes: a two -year longitudinal study. 

BMC Musculoskelet Disord. 2013;14:114. https://doi.org/10.1186/1471 -2474-14-114 

43. Conte C, Epstein S, Napoli N. Insulin resistance and bone: a biological partnership. Acta Diabetol. 2018;55:305ɀ14. 

https://doi.org/10.1007/s00592 -018-1101-7 

44. Vigevano F, Gregori G, Colleluori G, Chen R, Autemrongsawat V, Napoli N. In men with obesity, T2DM is associated 

with poor trabecular microarchitecture and bone strength and low bone turnover. J Clin Endocrinol Metab. 

2021;106:1362ɀ76. https://doi.org/10.1 210/clinem/dgab061  

45 Cipriani C, Colangelo L, Santori R, Renella M, Mastrantonio M, Minisola S, et al. The interplay between bone and 

glucose metabolism. Front Endocrinol (Lausanne).2020;11:122.  https://doi.org/10.3389/fendo.2020.00122  

 

Contributors  

de Souza MC, Nascimento GM, and Trindade EBSM contributed to the conception and design of the study, 

data analysis and interpretation, and review and approval of the final version. Pessini J, Sande-Lee SV, and 

Ronsoni MF contributed to the conception and d esign of the study and to the review and approval of the 

final version. 

 

Conflict of Interest: The authors declare no conflict of interest.  

Received: January 6, 2024 

Accepted: April 14, 2025 

 


