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Background: Vitamin D is required for calcium absorption, bone growth, and regulation of the immune
system. Geographical location determines the intensity of the solar ultraviolet (UV) light as a significant
determinant of vitamin D status in the many studies. This study was conducted to determine the status of
vitamin D deficiency and its associated factors in adults of Birjand city, Iran (latitude: 32.87; longitude:

Keywords: 59.22).

\Z/ga]‘_lmg‘ D amin D Methods: This descriptive-analytic study was performed by random stratified sampling on 400 subjects
A dultys roxyvitamin over 40 years of age in Birjand, who signed the consent form for participation. Data were collected in
Iran winter within one month from eight municipal health centers. Information regarding demographic

characteristics, blood pressure, and anthropometric indices were collected, and blood samples were
collected to measure 25-hydroxyvitamin D concentration.
Results: The mean serum concentration of 25-OHD was 45.4 nmol/L. Twenty-six percent of subjects had
vitamin D deficiency, 45.2% had insufficiency, and 28.8% of the subjects were healthy. The results of the
multiple logistic regression showed that age (OR: 0.92, 95% Cl = 0.89—0.96) and serum calcium con-
centration (OR: 0.52, 95% CI = 0.28—0.94) had a significant correlation with 25-OHD deficiency.
Conclusion: A high percentage of adults in the city of Birjand are suffering from vitamin D deficiency,
which implies a need for extensive training and food enrichment programs, promoting healthy lifestyles,
and exercise and walking.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

Logistic regression

1. Introduction was discovered in cells of different parts of the body, a new insight

emerged about the significance of this vitamin for the body, as in

Vitamin D is conventionally recognized as an essential nutrient.
It is a precursor of a strong steroid hormone that regulates a wide
range of physiological processes. This substance regulates calcium
and phosphorus homeostasis by exerting an effect on the para-
thyroid gland, intestines, and bones [1,2]. When vitamin D receptor
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decreasing the risk of autoimmune, cardiovascular, and infectious
diseases [3]. The primary sources of vitamin D reception for
humans are skin exposure to sunlight and, to a lesser extent, the
diet [4].

According to statistics, the deficiency of this vitamin became a
pandemic in 2008 [5]. Some studies have shown that vitamin D
deficiency ranges from 40% to 100% among American men and
women [6]. Persian Gulf countries also have a high prevalence of
vitamin D deficiency [7].
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Studies conducted in Iran report different frequencies for
vitamin D deficiency in different regions, including 100 and 81
percents for girls and boys in Qazvin and 99.1 and 66.5 percents for
girls and boys in Arak, respectively [6,8]. The highest deficiency is in
the city of Tehran, and the lowest deficiency belongs to Mashhad
[8]. The principal contributors to the deficiency can be the excessive
use of sunscreen cream, lack of sunlight, geographic location, diets
lacking in sufficient vitamin D, and air pollution [9]. Despite the
presence of this vitamin in food, some studies indicate that the
young Iranian population does not receive an adequate amount of
vitamin D [10]. Given the role of this vitamin in preventing diseases
and promoting community health, there is an urgent need to treat
and prevent the deficiency of this substance, especially in countries
of the Persian Gulf region such as Iran.

Few studies have examined the status of 25-hydroxyvitamin D
(OHD) concentration in Birjand. This study aimed to determine the
level of vitamin D deficiency and its associated factors in adults in
the city of Birjand.

2. Materials & methods

In a descriptive-analytic study, 400 subjects over 40 years of age
were enrolled. The population of Birjand's comprehensive urban
health centers was considered to determine the share of each
center. Subsequently, stratified sampling was employed to recruit
the participants. Data were gathered in winter within one month
from eight municipal health centers in Birjand. Participants were
asked to provide information, including demographic characteris-
tics, blood pressure, and anthropometric indices. Blood samples
were collected to measure vitamin D, complete blood count, cal-
cium, phosphorus, and iron concentrations.

A nurse practitioner measured blood pressure and performed
anthropometric measurements according to pre-set instructions.
All the samples were centrifuged, and serums were stored
at —20 °C until analyses were made. In this study, complete blood
count was performed on EDTA-containing blood, using a Cell Dy-
namic Hematology Analyzer, following standard measures. The
serum was used to determine the amounts of uric acid, creatinine,
calcium, phosphorus, and 25-OHD concentration. The blood sam-
ples were collected in February.

The measurement was performed using the Selectra automatic
machine. The fully automated Roche Cobas E411 system, manu-
factured in Germany in 2013, was employed to measure serum 25-
OHD concentration, using the Electro-Chemi-Luminescence kits
(Roche) and Roche Calibrators and controls [11—13]. Amounts
smaller than 30 nmol/L (12 ng/ml) of 25-OHD concentration was
considered a deficiency. Values between 30—50 nmol/L (12—20 ng/
ml) AND those higher than 50 nmol/L (20 ng/mL) were considered
as insufficient and normal levels of 25-hydroxyvitamin D concen-
tration, respectively [14,15].

Data analysis was performed in SPSS19 software using
descriptive statistical tests including mean and standard deviation.
Quantitative variables were analyzed using the
Kolmogorov—Smirnov test for normalization. In the case of
normality, independent t-test and one-way ANOVA were used. If
the data were not distributed normally, Mann—Whitney and
Kruskal—Wallis tests were applied. Correlation of variation was
investigated using the Pearson and Spearman correlation co-
efficients. The variables that were significant in the single-variable
test were introduced into the multiple logistic regression model,
and their association was evaluated.

The measured 25-OHD concentration was defined as the mean
of 10, 25, 50, 75, 90, and 95 percentiles with a 95% confidence in-
terval (CI). P values lower than 0.05 were considered statistically
significant.

3. Results

In this study, 400 individuals were enrolled of whom 212
(55.5%) were female and 179 (44.5%) were male. Their mean age
was 53.28 + 10.02 years (minimum: 40, maximum: 91 years), and
their mean BMI was 28.41 + 5.41 kg/m? (range: 17.09—52.39 kg/
m?). The mean systolic and diastolic blood pressures were
122.68 + 19.46 and 77.48 + 11.47 mmHg, respectively. Moreover, 89
(22.1%) had systolic blood pressure >140 mmHg and 81 (20.1%) had
diastolic blood pressure >90 mmHg. The median blood serum 25-
OHD level in February was 45.42 nmol/L [25.58—81.37] (Table 1). A
total of 115 (26%) individuals had serum 25-OHD deficiency (me-
dian 25-OHD: 16.7 nmol/L [IQR: 13.2-19.7]), 181 (45.2%) had
insufficiency (median 25-OHD: 40.9 nmol/L [IQR: 32.4—61.9]), and
104 (28.8%) had sufficient 25-OHD (median 25-OHD: 109.3 nmol/L
[IQR: 87.8—134.3]). The median serum 25-OHD level was signifi-
cantly higher in women (i.e., 64.15 nmol/L [24.46—98.84])
compared to men (i.e., 36.69 nmol/L [25.88—64.65]) (p < 0.001).
Serum 25-OHD correlated significantly with age (r = 0.28,
p < 0.001), weight (r = —0.17, p = 0.001), and height (r = —-0.22,
p < 0.001).

The hematology and biochemistry risk markers were compared
between deficient, insufficient, and sufficient groups (Table 2).
Based on the results presented in Table 2, individuals who had a
serum deficiency of 25-OHD had significantly lower calcium levels
(9.25 + 0.49 vs. 9.31 + 0.52 vs. 9.43 + 0.48 mg/dl, p = 0.02), and
those with insufficiency had significantly higher hemoglobin (14.3
[13.2-15.2] vs. 14.6 [13.6—15.7] vs. 14.0 [13.1-14.75], p < 0.001).
Iron was higher (87.95 + 32.11 vs. 88.68 + 29.24 vs. 86.88 + 28.4 mg/
dl), and phosphorus was lower (4.12 + 0.55 vs. 4.09 + 0.49 vs.
4.21 + 0.57 mg/dl) in the insufficient group without a significant
association. Tukey post-hoc analysis showed that age in the suffi-
cient group was significantly higher than in the deficient
(p < 0.001) and insufficient groups (p < 0.001), while there was no
significant difference in the deficient and insufficient groups con-
cerning age (p = 0.57). Tukey post-hoc test showed that the calcium
level was significantly lower in the deficient than in the insufficient
group (p = 0.02), while there was no significant difference between
sufficient group and the insufficient group (p = 0.08) or the defi-
cient group (p = 0.64) (Table 3).

The data presented in Table 4 display the mean of the 10, 25, 50,
75, 90 and 95 percentiles with the 95% confidence interval (CI). In
individuals over 70 years, the mean for 25-OHD was highest,
amounting to 93.55 nmol/L. In subjects with a BMI less than 18.5,
the mean was 48.9 nmol/L, and subjects with BMI from 18.5 to 24.9
had the highest value amounting to 64.7 nmol/L. The mean 25-
OHD level was lower in men than in women (48.4 nmol/L vs.
71.8 nmol/L).

Table 1

Descriptive characteristics of the study population.
Variable Mean + SD/Median [IQR] Minimum Maximum
Age (years) 53.28 + 10.02 39 91
Weight (kg) 72.05 + 14.36 40 1435
Height (cm) 159.43 + 9.92 138 186
Blood pressure
Systolic (mmHg) 122.68 + 19.47 80.00 200.00
Diastolic (mmHg) 77.48 + 11.47 50.00 126.00
BMI (kg/m?)
Male 26.85 + 4.37 17.09 37.75
Female 29.65 + 5.67 17.46 52.39
Total 28.41 + 541 17.09 52.39
Blood serum 25-OHD (nmol/L)
Male 36.69 [25.88—64.65] 9.98 346.94
Female 64.15 [24.46—98.84] 9.98 374.4
Total 45.42 [25.58—81.37] 9.98 3744
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Table 2

Descriptive statistics of each variable with deficiency, insufficiency, and sufficient serum 250HD level.

Variable Serum 25-OHD deficiency (<30 nmol/L)  Serum 250HD insufficiency (30—50 nmol/L)  Serum 25-OHD sufficiency (>50 nmol/L)  p-Value
Age (year) 48.0 [45.0—56.0]# 50.0 [45.0—57.0] 55.5 [49.0—65.0] <0.001
BMI (kg/m?2) 28.90 + 5.63t 28.23 + 5.26 2827 + 5.49 0.58
SBP (mmHg) 120.0 [110.0—135.0] 120.0 [110.0-130.0] 120.0 [110.0—140.0] 0.97
DBP (mmHg) 80.0 [70.0-80.0] 80.0 [70.0—80.0] 80.0 [70.—80.0] 0.48
Hemoglobin (g/dl)  14.3 [13.2—152] 14.6 [13.6—-15.7] 14.0 [13.1-14.75] <0.001
Hematocrit (%) 41.97 + 4.21 43.13 £ 3.51 41.33 £3.32 <0.001
Platelets (10%/ul) 238.6 + 59.7 239.7 + 67.4 235.5 + 66.5 0.86
Creatinine (mg/dl) 1.0 [0.9-1.1] 1.1[1.0-1.2] 1.0[0.9-1.1] 0.006
Calcium (mg/dl) 9.25 + 0.46 9.31 +0.52 943 + 048 0.02
Phosphorus (mg/dl)  4.12 + 0.55 4.09 + 0.49 4.21 + 0.57 0.19
Iron (p/dl) 87.95 + 32.11 88.68 + 29.24 86.88 + 28.40 0.87

BMI: Body mass index; SBP: Systolic Blood Pressure; DBP: Diastolic blood Pressure; #: Median [IQR]; {: Mean + SD.

p-value < 0.05 was considered significant.

Table 3
Comparison of deficient, insufficient, and sufficient serum 250HD levels concerning
different variables using Tukey comparison test.

Variable Comparison Mean difference  p-Value

Age (year) Deficiency vs. insufficiency —1.21 0.57
Deficiency vs. sufficiency -6.95 <0.001
Insufficiency vs. sufficiency —5.73 <0.001

Hemoglobin (g/dl) Deficiency vs. insufficiency  —0.44 0.07

Deficiency vs. sufficiency 0.42 0.14
Insufficiency vs. sufficiency  0.86 <0.001
Deficiency vs. insufficiency —1.16 0.03
Deficiency vs. sufficiency 0.64 0.41

Hematocrit (%)

Insufficiency vs. sufficiency  0.43 <0.001
Creatinine (mg/dl) Deficiency vs. insufficiency  —0.07 0.01
Deficiency vs. sufficiency -0.03 0.28

Insufficiency vs. sufficiency  0.02 0.41

Calcium (mg/dl) Deficiency vs. insufficiency  —0.05 0.64
Deficiency vs. sufficiency -0.17 0.02
Insufficiency vs. sufficiency —0.12 0.08

p-value < 0.05 was considered significant.

Table 4
Vitamin D concentration concerning different variables and proposed means (nmol/L)
in Birjand.

Variable P10 P25 P50 P75 P90 P95 95% CI (P95) Mean

Age group
40-55 148 219 369 685 91.1 112.7
55-70 16,6 259 533 920 130.0 1571

103.0-135.1 49.1
135.7-245.0 65.9

>70 255 432 771 133.0 17412 2248 164.8-3744 93.55
BMI
<18.5 19.2 226 392 802 911 91.1 69.6-91.1 48.9

18.5-249 172 284 389 824 1265 185.2
25-29.9 171 272 514 88.0 1252 1473

129.0-337.3 64.7
130.6—168.4 62.8

>30 132 213 438 777 1164 1475 1254-2108 574
Gender
Male 18.7 258 36.7 650 91.1 1144 95.4-147.6 484

Female 132 252 641 988 1382 1739 151.4-2444 718

Table 5 shows the results of the multinomial logistic regression
model. Based on the multinomial logistic model, age (OR: 0.92, 95%
confidence interval = 0.89—0.96) and calcium concentration (OR:

0.52, 95% confidence interval = 0.28—0.94) had significant associ-
ations with deficiency. The factors that had a statistically significant
association with deficiency were also significantly associated with
insufficiency. Moreover, creatinine correlated significantly with
insufficiency, but not with deficiency. For instance, the odds ratio
for the association between insufficiency and creatinine was OR:
4.05, 95%, confidence interval = 1.02—16.06.

4. Discussion

Recent studies have highlighted the critical role played by
vitamin D in bone metabolism and extra-skeletal function, such as
immune regulation, cancer prevention, and hypertension. The
major goal followed in this study was to determine the extent to
which vitamin D deficiency is prevalent among adults residing in
the city of Birjand. The results showed that the level of vitamin D
(25-0OHD) deficiency was common in residents of Birjand, where
70.8% of subjects in the study had a 25-OHD level below average
(24.2% had a deficiency, and 46.6% had insufficiency). It seems that
non-exposure to sunlight, non-intake of vitamin D supplements, or
inadequate intake of vitamin D in the diet are among the contrib-
utory factors in this deficiency.

Bettencourt et al. (2018) concluded that the mean 25-OHD
serum level was 55.4 + 23.4 nmol/L in the total healthy popula-
tion of northern Portugal, while 48% of the population had vitamin
D insufficiency (less than 50 nmol/L), which raised to 74% in the
winter time [16]. Rabenberg et al. (2015) reported that the serum
25-0OHD level was less than 50 nmol/L among adults in Germany,
especially in winter and spring and at higher latitudes [17]. The
study of Hintzpeter et al. (2008) also suggested an outbreak of
vitamin D deficiency among the adult population in Germany [18].
In a study of the Canadian adult population, Greene-Firestone et al.
(2011) concluded that vitamin D levels were less than 75 nmol/L,
especially in obese and non-white people (2011) and that it was
commonplace in spring and winter. Vitamin D consumption via diet
and supplement and weight control within a healthy range are the
key modifiers affecting the level of vitamin D [19].

Gill et al. (2014) also examined the levels of vitamin D in an
Australian population and concluded that vitamin D deficiency is

Table 5

Multinomial logistic regression analysis.
Variable Deficiency OR (95% CI) p-Value Insufficiency OR (95% CI) p-Value
Age (year) 0.92 (0.89—-0.96) <0.001 0.93 (0.90—0.95) <0.001
Hemoglobin (g/dl) 1.14 (0.81-1.59) 0.45 1.14 (0.85—1.54) 0.36
Hematocrit (%) 1.06 (0.91-1.24) 0.44 1.14 (0.99-1.30) 0.05
Creatinine (mg/dl) 0.66 (0.12—-3.79) 0.64 4.05 (1.02—-16.06) 0.04
Calcium (mgj/dl) 0.52 (0.28—-0.94) 0.03 0.55 (0.32—0.93) 0.03

p-value < 0.05 was considered significant.
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common in South Australia, affecting nearly a quarter of the pop-
ulation. They enumerated the activity level, obesity, and season as
factors influencing vitamin D status [20]. Brouwer-Brolsma et al.
(2016) also reported a 45% rate of 25-OHD deficiency [21]. All of
these reports are consistent with the results of our study.

The mean serum level of 25-OHD was 64.15 nmol/L in women
and 36.69 nmol/L in men, indicating a higher level in women than
in men According to the studies conducted in the cities of Tehran,
Tabriz, Mashhad, Shiraz, and Bushehr, both sexes have been shown,
especially those above 60 years, to suffer from severe vitamin D
deficiency [22]. According to the results of this study, the mean
serum level of 25-OHD is lower in men than in women because
women work in closed environments or because they direct less
attention to health recommendations, such as the use of vitamin D
supplements and fortified foods.

The results of the current study indicate a deficiency of 25-OHD
in both genders, which can be attributed to the lifestyle of in-
dividuals. In a study in the United States, based on the national
study data in the two periods of 1998—2004 and 2001—-2004, the
average serum levels of vitamin D was reduced from 74.88 nmol/L
to 59.90 nmol/L. Moreover, the prevalence of severe vitamin D
deficiency (less than 30 nmol/L) increased from 2% to 6% in the
studied population [23]. The prevalence of vitamin D deficiency in
the Middle East is higher than in Europe and the United States [24].
It seems that the habit of covering the skin, especially in women, is
a crucial contributor to affecting the prevalence of vitamin D defi-
ciency in the Middle Eastern and Islamic countries. Vitamin D
deficiency is of a higher prevalence in countries, such as Saudi
Arabia, the United Arab Emirates, Jordan, Turkey, and Lebanon,
where women's veil prevents from exposure to sunlight [24].
Alongside this, L-Kindi (2011) found a correlation between serum
25-0HD levels and lack of exposure to sunlight (p < 0.001) [25].

Daudov et al. (2011) have reported that limited skin exposure to
sunlight as the most important determinant of vitamin D status in
the studied population [26]. In this study, significant correlations
between serum 25-OHD and age (r = 0.28, p < 0.001), weight
(r=-0.17,p =0.001), and height (r = —0.22, p < 0.001) were found.
Rabenberg et al. (2015) have mentioned higher BMI and lack of
exercise as the factors affecting vitamin D deficiency [17]. Gill et al.
(2014) concluded that the average level of 25-OHD was lower in
those classified as obese [20]. In the same line, Bettencourt et al.
(2018) concluded that serum levels of 25-OHD in obese individuals
were significantly lower than in non-obese subjects (46.6 + 17.6 vs.
24.2 + 57.7 nmol/L, p = 0.0112) [16]. It has also been reported that
the concentration of 25-OHD, an indicator of the vitamin D status in
the body, has a negative relationship with obesity [27,28]. Some
studies have, nonetheless, shown that vitamin D precursor levels in
obese people are not significantly different from those of non-obese
subjects [29,30]. The explanation for obesity to be associated with
low vitamin D status is not yet definite.

Other results show that age of the healthy group was signifi-
cantly higher than the deficient group (p < 0.001) and the insuffi-
cient group (p < 0.001), while there was no significant difference
between the age in the deficient and insufficient group (p = 0.57).
Sherman et al. (1990) concluded that asymptomatic PTH serum
levels of over 35% were significantly increased in both sexes at any
age (p < 0.005). Moreover, in healthy subjects, serum vitamin D
levels were not consistent with increased age [31], which is
consistent with our findings given the higher age in the normal
vitamin D group in a healthy population.

In the end, our results showed that those with a serum defi-
ciency of 25-OHD have considerably lower serum calcium con-
centration. In subjects with serum 25-OHD insufficiency, the
concentration of hemoglobin and iron were higher, and phos-
phorus concentration was lower than in other groups.

According to the polynomial logistic model, the two factors of
age and serum calcium concentration had a significant correlation
with 25-OHD deficiency. Unfortunately, limited studies have been
conducted to investigate how these factors correlate with the 25-
OHD level. In one study, Lips (2012) concluded that high calcium
intake increases the half-life of 25-OHD. These results suggest a
relationship between calcium and 25-OHD [32].

Sherman et al. (1990) concluded that serum phosphorus,
ionized calcium, and total calcium concentration remain constant
with age in women. However, they reported that in men, phos-
phorus decreased along with age by about 25% (r = —0.564;
p < 0.001), total and ionized calcium reduced by 4% [31]. In the
present study, our results appear justified given the above-average
age of our population, the prevalence of vitamin D deficiency in
men, the association between lower levels of 25-OHD and lower
levels of calcium and phosphorus, and the results of the study by
Sherman et al. [31].

5. Conclusion

In conclusion, because of the physiological role of vitamin D and
various determinants affecting its level as well as the diseases and
complications resulting from its deficiency, vitamin D deficiency
should undoubtedly be considered as one of the critical health
priorities. Alongside this, a few measures can be taken to promote
public health. These include the design and implementation of
programs for the prevention and control of vitamin D deficiency at
the national level, food enrichment programs, promotion of a
healthy lifestyle and exercise among the general population, and
the use of supplements at the personal level as a cost-effective and
easy-to-do strategy.
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