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Background: This study aims to identify the prevalence of 25OHD deficiency in Syrian patients and investigate the 
relationship with obesity and lipid profile. 
Methods: A retrospective cohort study consisted of 201 patients of age >10 years, who referred to Al Assad and Al 
Mouwasat University Hospitals, Damascus, Syria from Oct/2020 to Oct/2021. The data was analyzed by using 
linear regressions and produced a matrix of correlations with significant equations between study variables. 
Results: Firstly, participants were divided depending on 25OHD levels, where 92.5% of patients had 25OHD <30 
ng/mL. Inverse correlation between 25OHD and BMI (P ≤ 0.001) was observed, where severe 25OHD deficiency 
group had higher BMI (27.40 ± 7.22 kg/m2) and higher levels of Chol (211 ± 67.12 mg/dl) than in sufficiency 
group.Secondly, participants were divided depending on BMI. Higher BMI associated with lower levels of 
25OHD. Moreover, we derived that every increase in 25OHD by 1 ng/mL results in decrease of BMI by 0.26 kg/ 
m2 (P ≤ 0.001) and results in decrease of Chol by 1.54 mg/dl (P ≤ 0.004). 
Conclusion: A high prevalence of 25OHD deficiency was observed in this sample of Syrian patients. There is an 
inverse correlation between 25OHD and BMI regardless of age and gender. Moreover, the equation, that derived 
between 25OHD and BMI, represents a beneficial and an inexpensive tool in clinical practice to minimize testing 
of 25OHD by predicting its deficiency based on BMI and supports the impact of 25OHD supplementation for 
reduce BMI.   

1. Introduction 

The prevalence of overweight and obesity is increasing worldwide 
and this has raised serious public health concerns. Epidemiologic studies 
have identified high body mass index (BMI) as a risk factor for a wide 
range of chronic diseases, including cardiovascular disease [1,2], 
musculoskeletal disorders [3,4], diabetes mellitus, chronic kidney dis-
ease [1,5], infertility [6], asthma [7,8], sleep apnea, and many cancers 
such as esophageal, colon, endometrial and gall bladder [9]. 

Vitamin D has been the focus of interest in the past decade because, 
beyond of its known effects on skeletal system, data from epidemio-
logical and observational studies have shown associations between low 
concentration of serum 25-hydroxyvitamin D (25OHD) and increased 
risk of many non-skeletal disorders [10]. A systematic review observed 
an association of low serum of 25OHD with cardiovascular diseases, 

serum lipid concentrations, glucose metabolism disorders, neurode-
generative diseases, infectious and inflammatory diseases, mood disor-
ders, declining cognitive function and all-cause mortality [11]. 

Several theories were discussed to explain the relationship of 25OHD 
deficiency with BMI and lipid profile. People with high BMI usually have 
high-fat content, which represents a reservoir for lipid-soluble vitamin D 
[12]. Such individuals may need increasing vitamin D intake to maintain 
serum 25OHD levels comparable with individuals with normal BMI 
[13]. Another important function of vitamin D is the regulation of adi-
ponectin production. This enzyme enhanced fatty acid oxidization and 
its levels have an inverse correlation with obesity and a positive corre-
lation with vitamin D levels [14,15]. Probably, the most substantial 
mechanism is the volumetric dilution of 25OHD into greater tissue 
volume in obese and might need larger doses of 25OHD than normal 
weight to achieve the same serum levels [16,17]. 
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With the high prevalence of vitamin D deficiency, which is estimated 
between 18% and 84% in various regions of the world [18–21], several 
studies have been conducted to investigate the association of serum 
25OHD with BMI and lipid profile [22–25]. 

Since, a high proportion of 25OHD deficiency was seen in our daily 
practice, especially in obese; and limited studies were published from 
Syria, we proceed with this study to identify the prevalence of 25OHD 
deficiency in Syrian patients and investigate the relationship with 
obesity. The secondary goal is to study the influence of 25OHD defi-
ciency on lipid profile, which represents by low-density lipoproteins 
(LDL), triglycerides (TG), and cholesterol (Chol). 

2. Materials and methods 

This retrospective cohort study consisted of 201 patients who 
referred as outpatient or admitted respectively to endocrinology clinic 
or department of Al Assad and Al Mouwasat University Hospitals, 
Damascus, Syria. Patients were collected from Oct/2020 to Oct/2021 
and the study protocol was approved by the Research Ethics Committee 
of Damascus University and in accordance with the Declaration of 
Helsinki and in line with the STROCSS criteria [26]. 

Inclusion criteria was patients >10 years-old. Exclusion criteria was 
as follow: illness or disability limits precisely the measure of height and 
weight, received corticosteroids in the past three months, renal and 
hepatic failure, pregnant and breastfeeding females, gastrointestinal 
disease affects the absorption, and coincidence comorbidities influence 
especially on weight such as hypothyroidism, heart failure with edema, 
Cushing syndrome and tumors. 

Data were collected by the same doctor along with all study period 
and included age, gender, BMI, 25(OH) vitamin D (25OHD), fasting 
plasma glucose (FPG) -after overnight fasting (at least 8–10 h)-, calcium 
(Ca), phosphorus (P), albumin (Alb) and lipid profile -after overnight 
fasting (at least ~12 h)- which includes low-density lipoproteins (LDL), 
triglycerides (TG) and cholesterol (Chol). Height and weight were 
measured by endocrinologists residents and BMI was calculated by 
dividing weight (in kilograms) by height (in meters squared). BMI was 
classified as “underweight” (BMI <18.5 kg/m2), “normal weight” (BMI 
>18.5, and ≤25 kg/m2), “overweight” (BMI >25, and ≤30 kg/m2), 
“obesity class 1” (BMI >30, and ≤35 kg/m2), “obesity class 2” (BMI >35, 
and ≤40 kg/m2), and “obesity class 3” (BMI >40 kg/m2). BMI was 
classified for ages from 10 to 20 years as previous guidelines [27]. 

Total 25OHD levels were measured using automated electro-
chemiluminescence immunoassay (Elecsys 2010 analyzers, Roche 
Diagnostic Gmbh, Mannheim, Germany). Based on previous studies, 
Endocrine Society’s recommendations and values classifications of our 
laboratory, 25OHD levels were classified as “severe deficiency” (25OHD 
<10 ng/mL), “deficiency” (25OHD ≥10, and <20 ng/mL), “insuffi-
ciency” (25OHD ≥20, and <30 ng/mL), and “sufficiency” (25OHD ≥30 
ng/mL) level [28]. 

3. Statistical analysis 

Statistical analysis was performed using program of R 4.02. We used 
nonparametric statistics such as Chi square test and parametric statistics 
such as one-tailed and two-tailed analysis of variance (ANOVA) and a 
measure of linear correlation using the Pearson correlation coefficient. 
Descriptive analysis was performed using mean and standard deviation 
(mean ± SD). Also, we used simple and multiple linear regression to 
build the models between study variables. P-value < 0.05 was consid-
ered statistically significant. 

4. Results 

Patients characteristics are presented in Table 1. Of 201 patients, 76 
(37.81%) were male and 125 (62.18%) were female with mean age 
(37.58 ± 17.27), mean serum 25OHD was (14.59 ± 8.87 ng/mL) and 

mean BMI was (24.75 ± 6.97 kg/m2). 
Firstly, study participants were divided into four groups depending 

on 25OHD levels and were analyzed with rest variables (Table 2). Age 
and gender have no statistically significant between groups (P = 0.24 
and 0.43; respectively). Mean levels of 25OHD in all age groups located 
under deficient levels (<20 ng/mL). 

Only 15 patients (7.5%) had sufficient levels of 25OHD (≥30 ng/mL) 
and 25OHD <30 ng/mL was reported in 186 patients (92.5%). Subse-
quently, 72.1% of patients (n = 145) had 25OHD deficiency (<20 ng/ 
mL) and 20.4% of patients (n = 41) had 25OHD insufficiency (≥20 and 
< 30 ng/mL). 

BMI, Chol and TG have statistically significant differences between 
groups (P; ≤ 0.001, ≤0.01 and ≤ 0.006; respectively). On the other 
hand, there is no statistically significant differences in LDL. 

There is statistically significant inverse correlation observed between 
25OHD and BMI (P ≤ 0.001). Of 201 patients, 85 patients in severe 

Table 1 
Patients characteristics.  

Variable Number Minimum Maximum Mean ± SD 

Age 199 11 82 37.58 17.27 
25OHD (ng/mL) 201 2.60 51 14.59 8.87 
BMI (kg/m2) 201 14.20 52.80 24.75 6.97 
Chol (mg/dL) 144 81 374 186 61.81 
LDL (mg/dL) 128 23 294 89.87 43.18 
TG (mg/dL) 119 27 291 142 61.76 
Ca (mg/dL) 116 5.10 10.50 8.95 0.76 
P (mg/dL) 81 1.60 6 3.81 0.97 
Alb (mg/dL) 86 2.50 5.40 4.18 0.50 
Glu (mg/dL) 42 70 289 125 56.22 

SD; standard deviation, 25OHD; 25(OH) vitamin D, BMI; body mass index, Chol; 
cholesterol, LDL; low-density lipoproteins, TG; triglycerides, P; phosphorus, Ca; 
calcium, Alb; albumin, Glu; glucose. 

Table 2 
Correlation between 25OHD ranges and other variables.  

Gender Age 25OHD (mean ± SD) P. value 

Male 
N = 75 

10–25 N = 25 (14.85 ± 9.02) Age =
0.24 
Gender 
= 0.43 

25–50 N = 32 (15.48 ± 10.56) 
˃ 50 N = 18 (14.83 ± 8.63) 

Female 
N =
124 

10–25 N = 35 (11.58 ± 6.68) 
25–50 N = 56 (15.11 ± 8.58) 
˃ 50 N = 33 (15.40 ± 9.77) 

Variable Total 
Number 

25OHD  
˂ 10 10–20 20–30 ˃ 30 
N 
Mean 
± SD 

N 
Mean 
± SD 

N 
Mean 
± SD 

N 
Mean 
± SD 

BMI 201 N = 85 
27.40 
± 7.22 

N = 60 
24.33 
± 6.39 

N = 41 
20.98 
± 5.24 

N = 15 
21.71 
± 5.98 

0.000 

Chol 144 N = 69 
211 ±
67.12 

N = 33 
161 ±
37.22 

N = 29 
155 ±
38.15 

N = 13 
186 ±
73.28 

0.0 

LDL 128 N = 62 
96.43 
± 37.38 

N = 28 
89.53 
± 37.92 

N = 28 
73.32 
± 39.17 

N = 10 
96.50 
± 82.01 

0.122 

TG 118 N = 63 
30.92 
± 25.32 

N = 19 
43.10 
± 33.26 

N = 25 
55.56 
± 33.86 

N = 11 
41.45 
± 32.12 

0.006 

Glu 42 N = 16 
121 ±
44.77 

N = 15 
128 ±
64.28 

N = 6 
125 ±
76.11 

N = 5 
131 ±
54.92 

0.80 

Ca 116 N = 44 
8.40 ±
0.78 

N = 36 
8.50 ±
0.94 

N = 27 
8.77 ±
0.75 

N = 9 
8.66 ±
0.50 

0.30 

P 81 N = 33 
3.27 ±
1.15 

N = 25 
3.36 ±
0.90 

N = 18 
3.88 ±
0.96 

N = 5 
3.20 ±
0.44 

0.191 

Alb 86 N = 31 
4.08 ±
0.53 

N = 28 
4.18 ±
0.52 

N = 21 
4.25 ±
0.40 

N = 6 
4.41 ±
0.59 

0.41  
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deficiency group (25OHD <10 ng/mL) have overweight BMI (27.40 ±
7.22 kg/m2), which higher than BMI (21.71 ± 5.98 kg/m2) in suffi-
ciency group (25OHD ≥30 ng/mL). Also, patients in severe deficiency 
group had higher levels of Chol (211 ± 67.12 mg/dl) than Chol levels 
(186 ± 73.28 mg/dl) in sufficiency group. 

Secondly, study participants were divided into five groups depending 
on BMI classifications and were analyzed with rest variables (Table 3). 
Gender had no statically significance (P = 0.160) but mean BMI in fe-
male (25.10 ± 7.22 kg/m2) was higher than male (23.67 ± 6.57 kg/m2). 
Age shows statistically significant (P ≤ 0.006) only in male group, but 
higher age associates with higher levels of BMI, in both genders. There is 
statistically significant inverse correlation was observed between 
25OHD and BMI (P ≤ 0.001), where higher BMI associates with lower 
levels of 25OHD, and the lowest levels of 25OHD (9.96 ± 6.10 ng/mL) 
observe in obesity class 1 group. Also mean levels of 25OHD in all BMI 
groups located under deficient levels (<20 ng/mL). 

Moreover, there are statistically significant differences in LDL, Chol, 
and Glu between groups (P ≤ 0.001, ≤0.01; and ≤0.04; respectively). Of 
144 patients, Chol levels were lowest (164 ± 54.84 mg/dl) in under-
weight group, and highest Chol levels (234 ± 68.00 mg/dl) were in 
obesity class 1 group. Also, of 128 patients, LDL levels were lower (80.29 
± 37.16 mg/dl) in underweight group than LDL levels (125 ± 55.15 mg/ 
dl) in obesity class 1 group. 

The matrix of correlations between study variables using two tailed 
analysis test shows in (Table 4) and produces a statically significant 
equations (Table 5). This matrix shows a direct correlation of positive 
values and inverse correlation of negative values. Statically significant 
inverse correlation was observed between BMI and 25OHD (P ≤ 0.001), 
also a direct correlation of BMI with LDL and Glu was observed of 
statically significant (P ≤ 0.001; ≤0.001; respectively). 25OHD has a 
statically significant inverse correlations with Chol (P ≤ 0.004) and a 
direct correlation with TG (P ≤ 0.016). 

From matrix equations (Table 5), we can derive that every increase 
in 25OHD by 1 ng/mL results in decrease of BMI by 0.26 kg/m2 (P ≤
0.001). Also, we can derive that every increase in 25OHD by 1 mg/dl 
results in decrease of Chol by 1.54 mg/dl (P ≤ 0.004). A direct corre-
lation between 25OHD and TG was observed, that every increase in 
25OHD by 1 mg/dl results in increase of TG by 0.70 mg/dl (P ≤ 0.016). 

Based on all previous tests, there is a strong and statically significant 

correlation between 25OHD deficiency and BMI. 

5. Discussion 

This retrospective cohort study of Syrian patients accounts a high 
proportion of 25OHD deficiency (72.1%) regardless of age or gender. 
This study concludes a strong inverse correlation between 25OHD and 
BMI. Also, the relationship of 25OHD deficiency with lipid profile shows 
a statically significant correlation with Chol and TG but no relation with 
LDL. 

The relationship between 25OHD deficiency and obesity has widely 
been studied. A meta-analysis confirmed that obesity associated with 
vitamin D deficiency regardless of different age groups including studies 
among child participants, and reported a 35% higher prevalence of 
vitamin D deficiency in obese compared to the eutrophic. In addition to 
suggest the necessity to monitor 25OHD levels among obese individuals 
[24]. Another study finds a high prevalence (85%) of obese adults, in the 
US, have serum 25OHD levels less than 30 ng/mL [25]. 

Our findings correspond with previous studies in reporting the as-
sociation between 25OHD and obesity regardless of age and gender. 
Moreover, the present study confirmed the inverse correlation between 
BMI and 25OHD by classifying the population based on 25OHD levels 
and then based on BMI levels, which showed lower levels of 25OHD in 
obese patients especially in obesity class 1 group (BMI between 30 and 
35 kg/m2) (Table 3). A higher prevalence (92.5%) of 25OHD <30 ng/mL 
was reported in study participants, this might due to poor living and diet 
situations. Additionally, we derive a simple equation between these two 
disorders, that every increase in 25OHD by 1 ng/mL results in decrease 
of BMI by 0.26 kg/m2 (P ≤ 0.001) (Table 5). This might be a useful and 
an inexpensive tool in clinical practice to predict and subsequently 
monitor the 25OHD levels based on BMI. 

Dyslipidemia has shown an association with vitamin D deficiency in 
many studies [29]. Rates of dyslipidemia in vitamin D deficiency, 
insufficiency, and sufficiency groups were 45.4%, 41.6%, 38.8%, 
respectively [29]. A meta-analysis of 21 studies mentioned that the 
majority of results indicated inversely relations of serum 25OHD with 
Chol, LDL, and TG and direct correlation with serum HDL in children 
and adolescents [23]. 

However, the current study finds no significant relation between 

Table 3 
Correlation between BMI ranges and other variables.  

Variable Total Number  P. value 

Gender N = 201 Male, N = 76 
Mean BMI ±SD = 23.67 ± 6.57 

Female, N = 125 
Mean BMI ±SD = 25.10 ± 7.22 

0.160   

BMI  
˂ 18.5 18.5–25 25–30 30–35 35–40 ˃ 40 
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Age M = 75 N = 18 
23.16 ± 13.14 

N = 25 
39.84 ± 19.41 

N = 21 
39.19 ± 16.49 

N = 7 
48.42 ± 13.64 

N = 3 
43.66 ± 11.93 

N = 1 
47 

0.006 

F = 124 N = 22 
31.27 ± 18.24 

N = 45 
35.93 ± 16.68 

N = 25 
38.72 ± 16.21 

N = 21 
46.38 ± 13.36 

N = 6 
42.33 ± 21.36 

N = 5 
45.40 ± 16.33 

0.057 

25OHD 201 N = 42 
18.32 ± 8.94 

N = 69 
17.65 ± 9.52 

N = 47 
10.42 ± 5.52 

N = 28 
9.96 ± 6.10 

N = 9 
11.86 ± 11.00 

N = 6 
11.73 ± 5.77 

0.000 

Chol 144 N = 31 
164 ± 54.84 

N = 42 
185 ± 54.36 

N = 36 
186 ± 64.37 

N = 22 
234 ± 68.00 

N = 8 
140 ± 28.57 

N = 5 
188 ± 36.44 

0.00 

LDL 128 N = 27 
80.29 ± 37.16 

N = 37 
76.59 ± 39.28 

N = 30 
87.60 ± 36.56 

N = 21 
125 ± 55.15 

N = 8 
87.87 ± 27.34 

N = 5 
108 ± 29.49 

0.001 

TG 118 N = 24 
52.04 ± 32.19 

N = 38 
33.95 ± 30.24 

N = 32 
38.34 ± 30.49 

N = 17 
30.82 ± 25.64 

N = 7 
46.86 ± 28.80 

N = 1 
17.0 

0.172 

Glu 42 N = 10 
104 ± 33.65 

N = 20 
118 ± 41.51 

N = 10 
133 ± 67.15 

N = 3 
203 ± 110.01 

___ ___ 0.04 

Ca 116 N = 26 
8.57 ± 0.85 

N = 30 
8.76 ± 1.07 

N = 32 
8.46 ± 0.50 

N = 14 
8.35 ± 0.84 

N = 9 
8.33 ± 0.70 

N = 5 
8.40 ± 0.54 

0.553 

P 81 N = 19 
3.73 ± 0.99 

N = 18 
3.50 ± 0.85 

N = 22 
3.18 ± 0.79 

N = 12 
3.41 ± 0.99 

N = 7 
3.42 ± 2.07 

N = 3 
3.00 ± 0 

0.616 

Alb 86 N = 17 
4.34 ± 0.44 

N = 21 
4.36 ± 0.48 

N = 24 
4.01 ± 0.57 

N = 14 
4.03 ± 0.51 

N = 6 
4.15 ± 0.25 

N = 4 
4.10 ± 0.27 

0.135  
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25OHD and LDL, an inverse correlation of 25OHD with Chol and a direct 
correlation with TG, which differing from previous studies. We conclude 
that every increase in 25OHD by 1 mg/dl results in decrease of Chol by 
1.54 mg/dl and increase of TG by 0.70 mg/dl. Also, highest levels of 
Chol was observed in severe deficiency patients (25OHD <10 ng/mL), 
and in obesity class 1 group (BMI between 30 and 35 kg/m2) (Table 3). 

Previous studies appeared a beneficial impact of vitamin D supple-
mentation for obesity but the result with dyslipidemia were conflict, 
however, the follow-up period was short [30,31]. A meta-analysis of 11 
RCTs, lasting between 1 and 12 months, revealed that vitamin D sup-
plementation has a desirable effect on weight loss by reducing BMI in 
overweight and obese individuals [30]. Another meta-analysis of 41 
studies in adults, lasting for a year in maximum, revealed that vitamin D 
supplementation has a beneficial effect on reducing serum total Chol, 
LDL, and TG levels but not HDL levels [31]. On the other hand, conflict 
results of a meta-analysis of 17 studies showed a higher serum 25OHD 
related to a more favorable lipid profile only in the pediatric group [23]. 

The statically significant equations of 25OHD with BMI and Chol, 
derived in this study, support the impact of 25OHD supplementation for 
reduce BMI and Chol. In different to previous studies, a direct correla-
tion of 25OHD with TG was observed in our patients and this might due 
to different aged participants and different diets compared to other re-
gions or drugs that affect TG levels. 

However, the adequate dosage and duration of this supplementation 
are still unclear [30], and which levels of serum 25OHD should be 
achieved to serve as a biomarker of health outcomes is also undefined 
[13]. 

Limitations of this study were the small number of participants to 
account for the real prevalence of 25OHD deficiency in the Syrian 
population, HDL was not studied and the impact of several factors such 
as dietary intake and physical activity were not included. The cutoff age 
for admission in mentioned hospitals is limited to above 10 years old. 
Also, there were no available materials for testing lipid profile or 25OHD 
for several months in the past year because of limited resources in our 
hospitals. In addition to excluding several comorbidities that might in-
fluence weight. These reasons reduced the number of patients included 
in the past year. 

6. Conclusion 

A high prevalence of 25OHD deficiency was observed in this sample 
of Syrian patients. There is an inverse correlation between 25OHD and 
BMI regardless of age and gender, and the lowest levels of 25OHD shows 
in obesity class 1 group. Moreover, the equation, that derived between 
BMI and 25OHD, represents a beneficial and inexpensive tool in clinical 
practice to predict 25OHD deficiency based on BMI and supports the 
impact of 25OHD supplementation for reduce BMI. Also, the highest 
level of Chol was observed in severe 25OHD deficiency patients. These 
data suggest the necessity to measure serum 25OHD in obese patients, 
and subsequently researches are needed to identify the cut-off point for 
25OHD levels and its impact in obesity and general health outcomes. 
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