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Abstract 

Objective: To investigate prevalence and correlates of vitamin D deficiency and insufficiency among 

adult internal medicine outpatients. 

Materials and methods: A total of 105 outpatients (mean age: 42.8(14.4) years, 62.9% were females) 

were included in this study. Laboratory analysis of serum 25-hydroxy vitamin D [25(OH) D; (ng/mL)] 

levels, calcium metabolism parameters, glycemic, liver function parameters, kidney functions was 

performed as were univariate and multivariate linear regression analyses of significant predictors of 

25(OH) D levels. 

Results: Vitamin D deficiency and insufficiency was noted in 60.0% and 31.4% of patients, 

respectively. Multivariate analysis revealed female gender (B, -4.28, 95% CI, -7.20 to -1.37, p=0.004), 

increase in BMI (B,-0.69, 95% CI, -1.11 to -0.27, p=0.002) and increase in serum uric acid levels (B,-

0.92, 95% CI, -1.81 to -0.02, p=0.046) to significantly predict lower levels of serum 25(OH) D levels. 

Conclusion: In conclusion, our findings indicate high prevalence of  inadequate vitamin D levels in 

Turkish adult outpatients, while indicate females, obese patients and patients with high serum uric acid 

levels to be posed at increased risk of hypovitaminosis D. 
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Introduction 

Vitamin D deficiency and insufficiency 

have been documented as a growing public 

health priority problem worldwide1-3 with 

an estimated 1 billion people globally to 

have inadequate circulatory levels of 

vitamin D.4,5 Besides, there has been a 

growing scientific interest in vitamin D in 

recent years, due to its role far beyond well-

known calcium-phosphate homeostasis as 

confirmed in various tissues and systems 

and associated with a number of non-

skeletal disorders.1,2,6 

Aging, sedentary lifestyle, limited sunlight 

exposure due to staying indoors or using 

sunscreen products and an increasing 
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epidemic of obesity have been considered 

amongst the factors that account for 

increased risk of vitamin D deficiency.1,2 

Reflecting vitamin D exposure based on the 

sum of endogenous synthesis from solar 

exposure and dietary intake from foods, 

fortified products, and/or supplements, 

serum 25-hydroxyvitamin D [25(OH)D] 

concentration is considered to be the most 

stable and reliable indicator of vitamin D 

status.7,8 Vitamin D deficiency is of 

particular interest given that it is easily, 

safely and inexpensively treatable, albeit 

inconsistent data exist on the effects of 

vitamin D supplementation on clinical 

outcomes.9  

The present study was designed to 

investigate prevalence and correlates of 

vitamin D deficiency and insufficiency 

based on 25(OH)D cut-off values of 20 

ng/mL and 30 ng/mL,4 respectively among 

adult internal medicine outpatients. 

 

Material and Methods 

 

Study population 

A total of 105 patients (mean age: 

42.8(14.4) years, 62.9% were females) 

admitted to internal medicine outpatient 

clinics at Okmeydani Training and 

Research Hospital from Dec 2012 to May 

2013 were included in this study. Patients 

with chronic kidney disease (creatinine 

>1.4 mg/dL) or chronic liver disease and 

patients receiving therapeutic or 

prophylactic vitamin D supplement therapy 

or any drug likely to affect calcium 

metabolism or 25(OH)D levels were 

excluded from the study.  

Study parameters 

Data on patient demographics (age, 

gender), co-morbid disorders, 

anthropometrics [body mass index (BMI; 

kg/m2), obesity (%), waist circumference 

(cm), hip circumference (cm) and body fat 

percentage (%)], serum 25(OH)D levels 

(ng/mL) and related vitamin D status, 

calcium metabolism parameters [serum 

calcium (mg/dL), phosphorus (mg/dL), 

parathyroid hormone (PTH; pq/dl) and 

urinary calcium (mg/24h)], glycemic 

parameters [glucose (mg/dL), insulin 

(mIU/L) and hemoglobin A1c (HbA1c) 

(%)], liver function parameters [albumin 

(g/dL), alkaline phosphatase (u/L), alanine 

aminotransferase (ALT; u/L) and aspartate 

aminotransferase (AST; u/L)], kidney 

function parameters [creatinine (mg/dL), 

urea (mg/dL) and uric acid (mg/dL)] were 

recorded in each patient. Association of 

categorical and continuous variables with 

serum 25(OH)D levels was evaluated via 

univariate linear regression analysis, while 

multivariate analysis was performed to 

determine significant predictors of serum 

25(OH)D levels. 

 

Anthropometric Measurements 

Weight measurements were made with thin 

clothing and without shoes on the same 

scale (Conti Model CPS-106, China, 2012). 

Height measurements were made on bare 

foot. BMI  was calculated with the “weight 

(kg)/height2 (m)” formula. Waist 

circumference and hip circumference was 

measured with a measuring tape (Hobby, 

Germany, 2012). Body fat percentage (%) 

was measured with bioelectric impedance 

method using Omron BF-306 (United 

Kingdom, 2009) and values were 

categorized as low, normal, high and too 

high. Obesity was considered in patients 

with BMI ≥ 30 kg/m2 in accordance with 

WHO 1998 obesity classification.10   
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Vitamin D analysis 

25(OH)D levels were measures measured 

by a high-performance liquid 

chromatography (HPLC) method (Zivak 

technology, Model 2A-10005-4000-00). 

25(OH)D levels of <20 ng/mL were 

classified as deficiency, of 20-30 ng/mL as 

insufficiency and of >30 ng/mL as 

optimal.4 

 

Statistical Analysis 

Statistical analysis was made using IBM 

SPSS Statistics (IBM Corp. Released 2012. 

IBM SPSS Statistics for Windows, version 

21.0. Armonk, NY, IBM Corp). Student t-

test and One-Way ANOVA were used for  

the comparison of parametric variables. 

Pearson correlation analysis was performed 

to reveal the relation of vitamin D levels to 

laboratory parameters. Data were expressed 

as “mean (standard deviation; SD)”, percent 

(%), median (min-max), median 

(interquartile range, IQR) where 

appropriate. Predicting effects on 

independent variables on scale scores were 

evaluated by univariate analyses and 

multivariate linear regression models. As a 

part of univariate analyses; due to non-

normal distribution patterns of continuous 

variables, comparisons were done by Mann 

Whitney U test or Jonckheere-Terpstra test 

depending on comparison group count. 

Continuous variables were evaluated by 

univariate linear regression. If a variable has 

significant effect on score in univariate, it is 

included to multivariate analysis. Best 

multivariate model was selected best 

(Bayesian Information Criteria (BIC) value. 

p<0.05 was considered statistically 

significant. 

 

 

Results 

Patient characteristics and 

anthropometrics  

Chronic co-morbidity was evident in 34.3% 

of patients, while diabetes (21.0%) and 

hypertension (17.1%) were the most 

commonly observed chronic co-morbidities 

(Table 1).Mean (SD) BMI was 32.0 (9.6) 

kg/m2, while obesity was noted in 59.0% of 

patients. Mean (SD) waist circumference, 

hip circumference and body fat percentage 

are 98.8 (22.1) cm, 107.1 (17.3) cm and 

35.6 (11.2) %, respectively. Overall high or 

too high body fat percentage was noted in 

67.6% of patients (Table 1).  

Laboratory Findings 

Mean (SD) 25(OH)D level was 18.5 (8.6) 

ng/mL in the overall study population, 

while 20.8(8.3) ng/mL among non-obese 

and 17.0 (8.6) ng/mL among overweight-

obese patients. Vitamin D deficiency and 

insufficiency was noted in 60.0% and 

31.4% of patients, respectively (Table 2). 

Data on calcium metabolism parameters, 

glycemic parameters and liver and kidney 

function tests are summarized in Table 2

. 
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Table 1. Patient characteristics and anthropometrics  

Age (year) 
Mean (SD) 42.8 (14.4) 

Median (min-max) 42.0 (18.0-85.0) 

Gender, n (%)  

Male 39 (37.1) 

Female 66 (62.9) 

Chronic co-morbidity, n (%)  

Any type 36 (34.3) 

Diabetes mellitus 22 (21.0) 

Hypertension 18 (17.1) 

Hyperlipidemia 9 (8.6) 

Chronic obstructive pulmonary disease 6 (5.7) 

Asthma 5 (4.8) 

Chronic heart failure 4 (3.8) 

Hypothyroidism 3 (2.9) 

Ischemic heart disease 3 (2.9) 

Other 2 (1.9) 

Anthropometrics  

Height (cm), mean (SD) 164.1 (8.7) 

Weight (kg), mean (SD) 85.6 (24.6) 

BMI (kg/m2) 

Mean(SD) 32.0 (9.6) 

Category, n (%) 

 

 

 

 

Underweight (BMI < 18.5 kg/m2) 0 (0.0) 

Normal (BMI 18.5-24.9 kg/m2) 43 (41.0) 

Overweight (BMI 25.0-29.9 kg/m2) 2 (1.9) 

Obese (BMI ≥ 30 kg/m2) 60 (57.1) 

  

Waist circumference (cm), mean (SD) 98.8 (22.1) 

Hip circumference (cm), mean (SD) 107.1 (17.3) 

Body fat percentage (%),  

Mean (SD) 35.6 (11.2) 

Category, 

n (%) 

 

Too high 56 (53.3) 

High 15 (14.3) 

Normal 30 (28.6) 

Low 4 (3.8) 

BMI: body mass index; SD: standard deviation 
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Table 2. Laboratory Findings 

 

 

 

Vitamin D level (ng/ml), mean (SD) 18.5 (8.6) 

Normal weight (n=43) 20.8 (8.3) 

Overweight-obese (n=62) 17.0 (8.6) 

Vitamin D status, n (%)  

Deficiency (vitamin D < 20 ng/mL) 63 (60.0) 

Insufficiency  (vitamin D ≥ 20, < 30 ng/mL) 33 (31.4) 

Normal (vitamin D ≥ 30 ng/mL) 9 (8.6) 

Calcium metabolism parameters  

Calcium (mg/dL) 
Mean (SD) 9.2 (0.5) 

Median (min-max) 9.0 (8.0-10.0) 

Urinary calcium (mg/24-h) 
Mean (SD) 160.9 (99.5) 

Median (min-max) 143.0 (16.0-433.0) 

Phosphorus (mg/dL) 
Mean (SD) 3.3 (0.6) 

Median (min-max) 3.0 (2.0-5.0) 

Parathyroid hormone (pq/dl) 
Mean (SD) 53.6 (37.9) 

Median (min-max) 46.0 (12.0-296.0) 

Glucose (mg/dL) 
Mean (SD) 100.6 (44.4) 

Median (min-max) 86.0 (60.0-328.0) 

Insulin (mIU/L) 
Mean (SD) 13.2 (10.6) 

Median (min-max) 10.0 (2.0-65.0) 

HbA1c (%) 
Mean (SD) 6.1 (1.5) 

Median (min-max) 6.0 (4.0-12.0) 

Liver function parameters   

Albumin (g/dL) 
Mean (SD) 4.3 (0.6) 

Median (min-max) 4.0 (3.0-8.0) 

Alkaline phosphatase (u/L) 
Mean (SD) 72.1 (19.5) 

Median (min-max) 70.0 (36.0-132.0) 

AST (u/L) 
Mean (SD) 22.0 (8.3) 

Median (min-max) 21.0 (8.0-64.0) 

ALT (u/L) 
Mean (SD) 22.5 (15.9) 

Median (min-max) 18.0 (5.0-11.0) 

Kidney function parameters   

Creatinine (mg/dL) 
Mean (SD) 0.83 (0.18) 

Median (min-max) 0.80 (0.40-1.30) 

Urea (mg/dL) 
Mean (SD) 27.4 (11.4) 

Median (min-max) 25.0 (12.0-91.0) 

Uric acid  (mg/dL) 
Mean (SD) 4.8 (1.7) 

Median (min-max) 4.0 (2.0-12.0) 

ALT: Alanine aminotransferase;  AST: Aspartate aminotransferase; SD: standard deviation 
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Univariate analysis for the association of categorical variables with serum 25(OH)D levels  

Median (IQR) 25(OH) D levels were significantly lower in females than in males (p=0.033) 

(Table 3). 

Amongst co-morbidities, presence of hypertension (p=0.030) and COPD (p=0.007) were 

significantly associated with lower levels of serum 25(OH)D, while no relation of having 

diabetes, hyperlipidemia, asthma, chronic heart failure, hypothyroidism, ischemic heart disease 

was noted with serum 25(OH)D levels (Table 3). 

No significant difference was noted in serum 25(OH) D levels with respect to body fat 

percentage (Table 3). 

 
                        Table 3. Univariate analysis for the association of categorical variables with  

                                       serum 25-hydroxyvitamin D [25(OH)D] levels 

 

 N 25(OH)D levels, 

median (IQR) 

p value 

Gender     

Male 39 20.4 (12.8) 0.033 

Female 66 16.4 (9.6) 

Chronic co-morbidity     

Positive 36 17.2 (14.7) 0.079 

Negative 69 18.0 (10.6) 

Diabetes    

Positive 22 18.8 (13.8) 0.741 

Negative 83 17.4 (11.4) 

Hypertension     

Positive 18 14.4 (13.0) 0.030 

Negative 87 18.1 (11.2) 

Hyperlipidemia    

Positive 9 23.4 (7.6) 0.067 

Negative 96 17.3 (10.8)  

COPD    

Positive 6 7.8 (3.6) 0.007 

Negative 99 18.1 (11.4)  

Asthma    

Positive 5 20.0 (6.7) 0.816 

Negative 100 17.6 (11.9)  

Chronic heart failure    

Positive 4 7.7 (10.4) 0.067 

Negative 101 18.0 (10.9)  

Hypothyroidism    
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                        Table 3.  

Positive 3 12.7 (23.6) 0.442 

Negative 102 17.9 (11.1)  

Ischemic heart disease    

Positive 3 11.1 (23.1) 0.346 

Negative 102 17.9 (11.1)  

Other diseases    

Positive 2 11.6 (11.6) 0.246 

Negative 103 18.0 (11.5)  

Body fat (%)    

Too high 56 16.9 (11.1) 0.075* 

High 15 17.4 (12.1) 

Normal 30 18.2 (11.1) 

Low 4 18.2 (6.2) 

COPD: Chronic obstructive pulmonary disease; IQR: interquartile 

range. 

Mann Whitney U test, *Jonckheere-Terpstra Test 
 

 

 

 

Univariate analysis for the association of 

continuous variables with serum 25(OH) 

levels 

 

Univariate linear regression analyses 

revealed that BMI (p=0.009), waist 

circumference (p=0.019) and body fat 

percentage (p=0.012) showed significant 

correlation to vitamin D levels, higher 

levels of which likely to decrease vitamin D 

levels by 0.23 ng/mL, 0.09 ng/mL and 0.19 

ng/mL, respectively (Table 4). 

 

Age and hip circumference were not 

amongst the correlates of serum 25(OH)D 

levels. Also, none of calcium metabolism or 

glucose metabolism parameters was 

correlated significantly with serum 

25(OH)D levels (Table 4). 

ALP (p=0.017) and uric acid (p=0.024L) 

were the only liver and kidney function 

parameters  showed significant correlation 

to vitamin D levels, higher levels of which 

likely to decrease 25(OH)D levels by 0.10 

ng/mL and 1.11 ng/mL, respectively (Table 

4). 
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Table 4. Univariate analysis for the association of continuous variables with serum 25- 

               hydroxyvitamin D [25(OH)D] levels 

 

 

 
LR coefficient (B) 

95% confidence interval  
P value 

LB UB 

Age (year) -0.07 -0.18 0.05 0.254 

Anthropometric parameters    

Body mass index (kg/m2) -0.23 -0.40 -0.06 0.009 

Waist circumference (cm) -0.09 -0.16 -0.02 0.019 
Hip circumference (cm) -0.08 -0.18 0.01 0.094 

Body fat percentage (%)  -0.19 -0.33 -0.04 0.012 

Calcium metabolism parameters    

Calcium (mg/dL) -0.29 -3.45 2.88 0.858 

Urine calcium (mg/24hour) 0.02 -0.0005 0.03 0.057 

Phosphorus (mg/dL) 0.62 -2.06 3.29 0.647 

PTH (pg/dL) -0.04 -0.08 0.01 0.104 

Glycemic parameters     

Glucose (mg/dL) 0.01 -0.03 0.05 0.587 

Insulin (mIU/L) -0.15 -0.31 0.003 0.054 

HbA1c (%) -0.002 -1.10 1.09 0.997 

Liver function parameters     

Albumin (g/dL) 0.18 -2.75 3.11 0.903 

Alkaline phosphatase (u/L) -0.10 -0.19 -0.02 0.017 
AST (u/L) -0.09 -0.29 0.11 0.378 

ALT (u/L) -0.03 -0.14 0.07 0.560 

Kidney function parameters    

Creatinine (mg/dL) 1.28 -8.18 10.74 0.790 

Urea (mg/dL) -0.12 -0.26 0.03 0.118 

Uric acid (mg/dL) -1.11 -2.07 -0.15 0.024 

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HbA1c: hemoglobin A1c; 

LB: lower bound; LR: linear regression; PTH: parathyroid hormone; UB: upper bound 

 

Multivariate analysis for determinants of 

serum 25(OH)D levels 

Amongst the variables included in 

multivariate analysis model (gender, having 

hypertension, having COPD, BMI, waist 

circumference, body fat percentage, 

alkaline phosphatase and uric acid) based 

on univariate analyses; only gender (being 

female, B,-4.28, 95% CI, -7.20 to -

1.37,p=0.004), increase in BMI (B,-0.69, 

95% CI, -1.11 to -0.27,p=0.002) and 

increase in serum uric acid levels (B,-0.92, 

95% CI, -1.81 to -0.02,p=0.046) were 

determined to significantly predict lower 

levels of serum 25(OH)D levels (Table 5). 

Body fat percentage, waist circumference, 

having hypertension or COPD and ALP 

levels were not amongst the significant 

predictors of serum 25(OH)D levels (Table 

5). 
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Table 5. Multivariate analysis for determinants of serum 25-hydroxyvitamin D [25(OH)D] levels 

  
LR coefficient 

(B) 

95% confidence 

interval P value 

LB UB 

Gender (being female) -4.28 -7.20 -1.37 0.004 

Body mass index (kg/m2) -0.69 -1.11 -0.27 0.002 

Uric acid (mg/dL) -0.92 -1.81 -0.02 0.046 

Waist circumference (cm) -0.06 -0.25 0.14 0.561 

Body fat percentage (%)  0.14 -0.15 0.43 0.346 

Having hypertension 0.52 -3.62 4.66 0.803 

Having COPD 2.84 -3.52 9.21 0.378 

Alkaline phosphatase (u/L) -0.02 -0.09 0.06 0.685 

COPD: chronic obstructive pulmonary disease; LB: lower bound; UB: upper bound.  

Adjusted R-square of the model is 20.0%. 

 

Discussion 

Our findings in a cohort of internal 

medicine outpatients with co-morbidity in 

34.3%, obesity in 59.0% and high or too 

high body fat percentage in 67.6%, revealed 

vitamin D insufficiency and deficiency in 

31.4% and 60.0% of patients, respectively.  

Gender, co-morbid hypertension and 

COPD as well as high values for BMI, waist 

circumference, body fat percentage, ALP 

and uric acid were associated with 

significantly lower serum 25(OH)D levels 

in the univariate analysis, while only gender 

and having high BMI and uric acid levels 

were shown to predict low serum 25(OH)D 

levels in the multivariate analysis.  

In a past study conducted with adult out-

patients from Turkey, vitamin D 

insufficiency and deficiency was reported 

in 24% and 66% of patients, respectively; 

despite inclusion of patients receiving 

therapeutic or prophylactic vitamin D 

supplement therapy also in the study 

population.11 Also, 25(OH)D levels were 

shown to be significantly higher in elderly 

females than males, and in obese than non-

obese patients.11 

Our findings revealed similarly high rates 

for vitamin D insufficiency (31.4%) and 

deficiency (60.0%) in adult outpatients and 

also lower levels of serum 25(OH) D 

among females than males and among 

obese than non-obese patients. Hence our 

findings supports the statement that vitamin 

D insufficiency and deficiency are 

widespread, particularly among 

females9,12,13 and revealed higher rates for 

Vitamin D deficiency as compared with 

rates reported for adult population in 

Europe (2-30%), South-East Asia and  

Australia (8-17%) and USA (5%).5,14,15 This 

emphasizes the increased likelihood of 

severe consequences of hypovitaminosis D 

such as autoimmune diseases, cancers, poor 

musculoskeletal health, cardiovascular 

disease and all-cause mortality4,16,17 among 

Turkish adults, particularly among females, 

obese patients and patients with high uric 
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acid levels, who seemed to be at increased 

risk of inadequate Vitamin D status. 

Given that our study period lasted from 

December to May, high rates for 

hypovitaminosis D in our cohort seems to 

be in line with the previously reported 

significantly lower vitamin D levels among 

Turkish adults during spring/winter than in 

summer/autumn months11 with lowest 

values of serum vitamin D obtained in 

March and highest values in September.18  

Implementation of simple and economic 

measures such as dietary enrichment, skin 

exposure to UVB light from sun or artificial 

light sources and vitamin D 

supplementation seems crucial to address 

vitamin D inadequacy.11,19 However, based 

on the detection of vitamin D deficiency in 

as much as 66% of patients in a past study 

from Turkey, despite inclusion of patients 

receiving therapeutic or prophylactic 

vitamin D supplement therapy in the study 

population, it was concluded that 

commonly used supplement doses might be 

inadequate to ensure vitamin D nutrition.11 

Notably, dressing style of Turkish females 

has been suggested to limit the availability 

of endogenous synthesis of vitamin D from 

solar exposure20,21 which accounts for 

detection of vitamin D deficiency even in 

the summer months in our country despite 

sufficient sunshine to maintain adequate 

vitamin D status.11  

Adiposity has been considered to be a well-

known risk factor for vitamin D deficiency, 

while limited physical activity and 

exposure to solar UV radiation among 

obese individuals as well as increased 

metabolic clearance of vitamin D via 

enhanced uptake by adipose tissue have 

been postulated to underlie the increased 

risk for vitamin D deficiency in obesity.22-24  

Negative correlation of BMI, waist 

circumference and body fat percentage with 

25(OH)D levels in our cohort is in 

agreement with inverse associations 

between the adiposity measures and the 

25(OH)D concentration documented in the 

Study of Health in Pomerania (SHIP-1 and 

SHIP-Trend, conducted in the northeast of 

Germany) and Health2006 (conducted in 

Denmark) cohorts.25  

The relation between obesity and low serum 

concentrations of 25(OH)D, indicating 

vitamin D deficiency or insufficiency has 

been confirmed in several cross-sectional 

studies,26,27 while each unit (kg/m2) 

increase in BMI was also reported to be 

associated with a 1.15% lower 

concentrations of 25(OH)D.28 Likewise, in 

our study each unit (kg/m2) increase in BMI 

was shown to decrease 25(OH)D levels by 

0.23 ng/mL, while high BMI levels was 

also found to independently predict 

hypovitaminosis D. This supports data from 

a meta-analysis that showed a statistically 

significant inverse association between 

BMI and serum 25(OH)D concentrations29 

as well as a causal relation suggested 

between BMI and serum 25(OH)D 

concentrations in a study using a Mendelian 

randomization approach with a linear 

reduction in serum 25(OH)D 

concentrations by an increase in BMI 

shown.30 

Hence, identification of female gender and 

high BMI to be significant predictors of 

hypovitaminosis D in our cohort seems to 

be in line with consideration of BMI and 

female sex to be independently associated 

with vitamin D insufficiency.31 This 

supports the consideration of targeting an 

increase in vigorous activity and vitamin D 

intake along with preventing obesity to be a 
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public health intervention to improve 

vitamin D status, independent of the 

appropriate sun exposure.11,12 

Identification of increase in uric acid levels 

as one of the predictors of hypovitaminosis 

D in our cohort seems consistent with the 

potential causal associations between 

vitamin D and uric acid suggested in past 

studies.32-34 However, given that in addition 

to an inversed association between serum 

uric acid and 1,25(OH)2D,33,34 the positive 

causal effect of 25(OH)D on uric acid has 

also been suggested.32Hence, whether or 

not vitamin D reciprocally influence uric 

acid metabolism still remains to be 

clarified.32 

Previous studies have yielded contradictory 

findings on the relationship between low 

vitamin D and impaired glucose 

homeostasis.1 Lack of significant 

association between serum 25(OH)D levels 

and glycemic parameters in our study is 

consistent with data from past studies 

indicated no effect of improving the 

nutritional status of vitamin D on glucose 

homeostasis or insulin metabolism.26,35  

Although significant association of having 

hypertension with lower serum 25(OH)D 

levels  in the univariate analysis in our 

cohort supports the well-known association 

between hypovitaminosis D and cardiac 

diseases including hypertension,36 

hypertension was not found to predict 

hypovitaminosis D in the multivariate 

analysis in our cohort. 

Similarly, while body fat percentage was 

negatively associated with 25(OH)D levels 

in univariate analysis in our cohort, 

consistent with data from a past study 

indicated a negative association between 

hypovitaminosis D and body fat percentage 

among obese patients,37
 body fat percentage 

was not found amongst the predictors of 

hypovitaminosis D in the multivariate 

analysis in our cohort. 

While COPD was determined to be 

associated with lower serum 25(OH)D 

levels in the present study, in agreement 

with higher prevalence and severity of 

hypovitaminosis D reported in patients with 

COPD,38 COPD was evident only in 

6(5.7%) patients and it was not amongst the 

predictors of hypovitaminosis D according 

to multivariate analysis in our cohort. 

Although lower serum vitamin D levels 

were reported in biopsy-diagnosed non-

alcoholic fatty liver disease patients and 

subjects with elevated ALT levels,39 no 

association of ALP to 25(OH)D levels were 

noted in past studies on serum ALP 

screening for vitamin D deficiency 

states.25,40 In our cohort, while an inverse 

relation shown between ALP and serum 

25(OH)D levels suggests  a possible 

correlation of vitamin D status with liver 

function status,39 ALP was not found 

amongst the predictors of hypovitaminosis 

D in the multivariate analysis. 

The present study has a number of 

limitations related mainly to the cross-

sectional design which precluded any 

conclusion on causal relationship between 

vitamin D status and the correlated factors. 

Second, while the 6-month recruitment 

period that lasted from Dec to May 

corresponds to winter and spring months 

with lesser likelihood of adequate sun 

exposure,  given the likelihood of seasonal 

changes in the level of vitamin D, lack of 

seasonally adjusted analysis or inability to 

collect data on dressing style, outdoor 

activity and sun exposure is another 

limitation. 

In conclusion our findings indicate high 
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prevalence of inadequate vitamin D levels 

in Turkish adult outpatients, while indicate 

females, obese patients and patients with 

high serum uric acid levels to be posed at 

increased risk of hypovitaminosis D. 

Although conduction of recruitment during 

winter and spring months along with 

dressing style of Turkish women may 

contribute to the high prevalence of 

hypovitaminosis D in our cohort, given the 

similarly high prevalence of vitamin D 

deficiency reported in Turkish adults even 

in summer and in patients receiving vitamin 

D supplementation,11  our findings 

emphasize the need for measures for 

improving vitamin D deficiency and 

insufficiency in Turkish adults on the basis 

of the great risk of myriad potential health 

sequelae as well as from a public health 

perspective.  
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