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High prevalence of vitamin D deficiency and its association
with metabolic disorders in elderly patients
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Background. Vitamin D is considered to be an important co-factor of metabolic processes. However, the available data is
ambiguous. Some data indicates an important role of vitamin D in adipocyte metabolism, and hence also in obesity — a well-known risk
factor of diabetes mellitus and cardiovascular diseases (CVD).

Objectives. To assess the prevalence of vitamin D deficiency and to evaluate the relationship between serum 25(OH)D concentration
and metabolic disorders in elderly patients attending primary care.

Material and methods. This observational study was performed on 110 elderly patients: 88 females, 22 males, Caucasian, > 60 years.
A questionnaire was completed concerning lifestyle and chronic diseases. Clinical examination, anthropometric measurements and
laboratory tests (25(0OH)D, lipids, glycemia, blood morphology, serum creatinine, PTH) were performed. BMI and WHR were calculated.
Patients reporting physical activity (walking, Nordic walking, swimming, cycling, other) > 150 minutes per week were classified as
“physically active”.

Results. Vitamin D deficiency (25(0OH)D < 30 ng/ml; < 75 nmol/l) was found in 84.5%, extreme deficiency (< 10 ng/ml; < 25 nmol/l) in
6.3%. A significant correlation between serum vitamin D deficiency and visceral obesity was found (p = 0.02). No correlation was found
with BMI, physical activity, lipids, diabetes or CVD.

Conclusions. Vitamin D deficiency was found to be highly prevalent in the examined group of elderly people. Visceral obesity in the
elderly is associated with vitamin D deficiency. Vitamin D supplementation may supposedly contribute to prevention of obesity and
its treatment.
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Background

Vitamin D is suspected to be an important co-factor of
metabolic processes, acting, in fact, as a hormone [1]. The best
known role of vitamin D is its participation in bone metabolism
[2]. Vitamin D receptors (VDR) have been found in multiple tis-
sues and organs important for bone mineral homeostasis (e.g.
bones, kidneys, parathyroid glands), as well as in those not in-
volved in such processes (e.g. pancreatic beta-cells, cells of the
immune system) — influencing the appropriate functions of the
organism. Vitamin D deficiency is believed to play a role in the
pathogenesis of neoplasms and psychiatric disorders. It may
also increase all-cause mortality [3]. There is more and more
data on the important role of vitamin D in the metabolism of
adipocytes, and thereby in obesity — an increasing worldwide
threat. The number of obese people has exceeded 1.5 billion
worldwide, and it appears in a younger and younger population
[4]. The worldwide obesity prevalence in adults ranges from 5
to 75% [5]. Excess body mass is also present in children and ado-
lescents (e.g. 10-30% in Europe) [5].

In Poland, there is also an increasing number of people with
overweight and obesity. It is estimated that nearly 50% of Polish
adults are overweight, and 20% are obese [6]. This percentage
is even higher in the elderly (overweight > 40%; obesity > 30%)
[7]. Overweight and obesity also concerns Polish children and
adolescents (15-20% and 4%, respectively) [6].

Obesity is one of the most important risk factors of diabetes
mellitus (DM) and cardiovascular diseases (CVD) and their seri-
ous consequences.

There is increasing evidence that, owing to VDR presence in
different organs, vitamin D is of great significance in the patho-
genesis of “civilization-related diseases”, such as DM, CVD, met-
abolic syndrome (MS), heart failure, hypertension (HA) and vas-
cular inflammation [1, 3]. The influence of vitamin D deficiency
on atherosclerotic vascular changes is a complex phenomenon.
A decreased serum vitamin D concentration leads to increased
activity of the renin—angiotensin—aldosterone system (RAAS),
insulin-resistance (IR), inflammation and, finally, to CVD [1, 8].

There are two general sources of vitamin D in humans: sun-
light (UV irradiation), which is responsible for the majority of
vitamin D supply, and food rich in this fat soluble vitamin (e.g.
fatty sea fish).

Vitamin D3 (cholecalciferol) is obtained through conversion
of 7-dehydrocholesterol in the human skin upon UVB radiation.
It is converted in the subsequent processes to 25(0OH)D (calcidi-
ol) by the liver, and next to 1,25(0H),D (calcitriol) by the kid-
neys. Calcitriol is considered to be the active form of vitamin D,
but the calcidiol concentration is found to correlate better with
the actual serum vitamin D status and is regarded to be a clini-
cally appropriate indicator [1]. A favorable 25(0OH)D level starts
at 30 ng/mL (75 nmol/L); severe deficiency is recognized at 10
ng/mL (25 nmol/L) [9].

Vitamin D deficiency is a worldwide problem and a public
health concern. It is estimated that nearly 90% of the European
and approx. 75% of the US adult population is vitamin D de-
ficient/insufficient [10]. It is hypothesized that a decrease of
vitamin D serum concentration can increase the prevalence of
obesity. A number of studies have revealed an association be-
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tween obesity and vitamin D status, i.e. an increase in adiposity
correlating with lower serum 25(0OH)D [11, 12]. It is considered
that adiposity may even be primarily responsible for low vitamin
D levels [13]. Obese people are more likely to present subopti-
mal 25(0H)D [14].

Poland is one of the largest European countries, and its society
is aging. The number of people > 65 years is 15% and is still increas-
ing [15]. Data on vitamin D serum concentration in Polish elderly
is scarce. The prevalence of overweight and obesity increases with
age and attains the highest percentage in 60—69-year-old Polish
seniors (44% overweight, 28% obesity) [15]. Similar data came
from the Pol-Senior study (2007-2011), which showed 40.8%
overweight and 31.9% obesity in patients aged > 65 [7].

Objectives

Elderly people with CVD constitute a significant number of
patients at family medicine practices worldwide. Therefore, the
aim of our study was to assess the prevalence of vitamin D defi-
ciency and to evaluate the relationship between serum vitamin
D concentration and metabolic disorders (especially obesity) in
the group of patients aged > 60.

Material and methods

The study was conducted on a group of 110 primary care pa-
tients (88 females, 22 males), Caucasian, > 60 years old. In each
person, a questionnaire was completed concerning lifestyle
(physical activity, smoking, diet) and chronic diseases. Clinical
examination, anthropometric measurements and laboratory
tests (25(0OH)D, lipids, glycemia, morphology, PTH) were per-

Table 1. Characteristics of the group (n = 110)

formed. Body mass index (BMI) and waist-hip ratio (WHR) were
calculated. Patients reporting physical activity (walking, Nordic
walking, swimming, cycling, other) > 150 minutes per week
were classified as “physically active”. The study was conducted
in autumn and winter (September—December). All participants
received precise information about the aims and procedures
of the study and signed an informed consent form. The proce-
dures were conducted according to the Declaration of Helsinki
(revised 2000). The study was approved by the Ethics Commit-
tee of the Medical University of Lodz, Poland.

Statistical analysis

Descriptive statistics were presented with standard devia-
tion (SD) and mean, categorical variables as number of subjects
and percentage with 95% confidence intervals (95% Cl); Pearson
chi-square test (x*) was used to compare the groups of categori-
cal variables. A p-value < 0.05 was set as statistically significant.

Results

The group characteristics (n = 110) are presented in Table
1. In the questionnaire, those examined reported: DM in 19%
(n =21); dyslipidemia 43.6% (n = 48); CVD 68.2% (n = 75). Physi-
cal activity was reported by 80.9% (n = 89), and out of these,
65.5% (n = 72) reported > 150 minutes/week. The results of
the laboratory tests revealed hyperglycemia in 44.5% (n = 49);
abnormal total cholesterol (Ch) 63.6% (n = 70); abnormal HDL
10.9% (n = 12); abnormal TG in 22.7% (n = 25). Vitamin D de-
ficiency (25(0OH)D < 30 ng/ml; < 75 nmol/l) in 84.5% (n = 93)
(Table 2); extreme deficiency (25(0OH)D < 10 ng/ml; < 25 nmol/I)
in 6.3% (n = 7) (Table 2). No abnormal PTH results.

Parameter Men Women Total

Age mean (SD) 70.9(7.2) 67.7 (5.7) 68.3 (6.1)
Height mean (SD) 1.8(0.1) 1.6 (0.0) 1.6 (0.1)
Height min; max 1.7; 1.9 1.5;1.7 1.5;1.9
Weight mean (SD) 87.9 (12.2) 70.6 (10.3) 74.1(12.7)
Weight min; max 58.2; 105.0 51.0; 99.0 51.0; 105.0
BMI mean (SD) 28.2 (3.7) 27.2(3.9) 27.4 (3.8)
BMI min; max 20.1;34.2 19.5; 36.8 19.5; 36.8
Waist circumference mean (SD) 99.1 (11.5) 86.0 (10.5) 88.7 (11.9)
Waist circumference min; max 70.0; 117.0 66.0; 112.0 66.0; 117.0
Hip circumference mean (SD) 99.7 (7.5) 104.4 (8.4) 103.5 (8.4)
Hip circumference min; max 82.0;114.0 80.0; 126.0 80.0; 126.0
WHR mean (SD) 1.0 (0.1) 0.8 (0.1) 0.9 (0.1)
WHR min; max 0.8;1.3 0.7;1.1 0.7;1.3
SBP mean (SD) 134.8 (13.8) 127.3 (15.7) 128.8 (15.6)
SBP min; max 115.0; 160.0 85.0; 170.0 85.0; 170.0
DBP mean (SD) 78.9(7.1) 75.7 (9.2) 76.3 (8.9)
DBP min; max 65.0; 90.0 50.0; 95.0 50.0; 95.0
Total cholesterol (Ch) mean (SD) 188.4 (38.8) 214.3 (42.9) 209.1 (43.2)
Ch min; max 126.0; 278.0 134.0; 304.0 126.0; 304.0
Triglycerides (TG) mean (SD) 121.7 (67.7) 116.1 (46.1) 117.2 (50.8)
TG min; max 53.0; 381.0 42.0; 249.0 42.0;381.0
High-density lipoproteins (HDL) | mean (SD) 48.3 (14.8) 66.8 (15.5) 63.1(17.0)
HDL min; max 24.0; 90.0 35.0; 117.0 24.0; 117.0
Glycemia mean (SD) 101.9 (12.9) 101.2 (16.2) 101.3 (15.6)
Glycemia min; max 81.0; 137.0 82.0; 158.0 81.0; 158.0
Parathormone (PTH) mean (SD) 54.9 (27.0) 42.4 (14.9) 46.2 (20.3)

Min — minimum; max — maximum; SBP — systolic blood pressure, DBP — diastolic blood pressure.
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Hypertension (HA) was revealed in 68.2% (n = 75). Over-
weight and obesity prevalence in the group is presented in Table
3. A significant correlation between vitamin D serum deficiency
and visceral obesity was found (p = 0.02) (Table 4). No correla-
tion was found with BMI, physical activity, lipid profile, diabetes
or cardiovascular diseases.

Table 2. Vitamin D serum concentration in the group (n = 110)

Results Total (%) Males (%)  Females (%)
Normal result* 17 (15.45) 3(13.64) 14 (15.91)
Deficiency 93 (84.54) 19 (86.36) | 74 (84.09)
Extreme deficiency** | 7 (6.36) 0 7 (7.95)

*Normal result — 25(0OH)D > 30 ng/mL; **extreme deficiency — 25(0OH)D
<10 ng/mL.

Table 3. Overweight and obesity in the group according BMI,
IDF and NCEP ATPIII criteria

Number Percentage Males Females
n (%) n (%)

Obesity
BMI* 30 27.52% 8(36.4%) |22 (25.3%)
IDF** 53 48.18% 16 (72.7%) |37 (42%)
ATP II1*** | 43 44.03% 11 (50%) 37 (42%)
Overweight
BMI 46 42.2% 12 (54.5%) |34 (38.6%)
WHR 48 44.03% 14 (63.6%) | 34 (38.6%)

*BMI obesity criteria: > 30 kg/m?; **IDF obesity criteria (for Europid
population): waist circumference > 94 cm in males; > 80 cm in females;
***ATPIII obesity criteria: waist circumference: > 102 cm in males; > 88
cm in females.

Discussion

The results of our study showed a high prevalence (84.5%) of
vitamin D deficiency in the examined group of elderly patients.
This is comparable to the results of other Polish studies; e.g.
Stolarczyk et al., conducted on 107 post-menopausal females,
in which only 6-17% of the patients (depending on the season)
had an adequate serum 25(OH)D level [16]. It is also comparable
to the results of the research by Napiérkowska et al. performed

on a group of 274 women, aged 60-90, showing a high preva-
lence (96%) of low 25(0OH)D concentration in an urban population
of elderly females in Poland [17]. The results also correspond with
world data, estimating that nearly 90% of the European adult
population are vitamin D deficient/insufficient [10].

We found a significant correlation between vitamin D serum
deficiency and obesity (p = 0.02) in patients aged > 60.

Due to global vitamin D deficiency and the probable relation-
ship between vitamin D levels and CVD risk factors, special atten-
tion is paid to the correlations between 25(0OH)D and elements
of metabolic syndrome (MS). At times, the results of studies con-
siderably differ from each other or are not consistent [18]. There
is also a hypothesis of a “U” or “J)”-shaped association of serum
vitamin D concentration and CVD risk (at low and higher vitamin
D levels, the CVD risk increases) [1]. There is growing evidence
for a strong association between vitamin D deficiency and MS
components [19]. The results of our study also confirm the cor-
relation between 25(OH)D deficiency and obesity.

Obesity seems to be a pathology closely associated with vita-
min D deficiency. Evidence for this comes from research conduct-
ed on small, as well as large, groups of patients. Vimaleswaran
et al. research (> 42,000 patients) proved that there is a strong
relation between obesity and lower serum vitamin D and sug-
gested that obesity is the causal risk factor. The study revealed
that an increase of BMI was associated with a 25(0OH)D decrease
[11]. An Australian study (> 11,000 patients) also confirmed that
the prevalence of vitamin D deficiency significantly increased in
obese persons with age [20]. There are observations on correla-
tions of vitamin D deficiency and increased adiposity. In a ret-
rospective study on hospital patients (2009-2011), Guasch et
al. found that low 25(OH)D levels are associated with a higher
risk of MS and atherogenic dyslipidemia [21]. The Framingham
Heart Study also revealed a strong association between vitamin
D concentration and subcutaneous and visceral adiposity [22].
Another study, performed in Puerto Rico, revealed among 94
overweight and obese adults a significant inverse correlation of
25(0OH)D with percentage of body fat. Obese patients (41.4%)
were vitamin D deficient compared to normal weight (33.9%)
and overweight individuals (30.3%) (p < 0.05) [14].

Some recent interventional studies confirm the impor-
tance of vitamin D in lowering obesity complications. Carrillo et
al. proved that vitamin D supplementation in overweight and
obese adults during resistance training led to an early improve-
ment in peak power, as well as the fact that an elevated vitamin
D level was connected with lower WHR [23].

Table 4. Associations of vitamin D deficiency and the examined parameters in the group

Parameter

chi (x)?Pearson test

contingency coefficient

level of significance (p)

Obesity (IDF)** 4.894541 0.2063984 p=0.02
Obesity(ATPIII)*** 3.437050 0.1748390 p=0.06
Obesity (ATPIII) 5.445196 0.2426971 p =0.019
in females

Overweight (BMI) 0.0086816 0.0089242 p=0.92
Obesity (BMI) 2.507305 0.1499519 p=0.11
WHR 3.437050 0.1748390 p =0.06
Ch 0.2012741 0.0427367 p=0.65
TG 0.2954943 0.0517602 p=0.58
HDL 0.0151458 0.0117333 p=0.90
Creatinine 0.0695762 0.0251418 p=0.79
Glycemia 0.0923881 0.0289687 p=0.76
PTH 0.1415252 0.0358461 p=0.70
HA 0.1982498 0.0474107 p=0.65
Physical activity 0.6987031 0.0794466 p=0.40

**|DF obesity criteria (for Europid population): waist circumference 2 94 cm in males, > 80 cm in females; ***ATPIII obesity criteria: waist circumfer-

ence: >102 cm in males, > 88 cm in females.
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On the other hand, one should take note of the study by
Kienreich et al., summarizing the most recent data on the in-
volvement of vitamin D deficiency in the development of major
CVD risk factors (HA, obesity, dyslipidemia, DM, chronic kidney
disease, endothelial dysfunction). No significant relationship of
vitamin D and obesity was found, but it was concluded that vita-
min D deficiency is an independent CVD risk factor [24].

There are multiple observations concerning the association
of vitamin D status and insulin sensitivity. One of the most im-
portant is a longitudinal study (17-year follow-up period), which
revealed a 40% reduction of the risk of DM development in
people with 25(0H)D > 28 ng/ml at baseline [25]. There is also
research showing an inverse correlation of vitamin D concentra-
tion and the risk of progression to prediabetes or DM, as well as
studies showing a correlation of 25(OH)D with insulin sensitivity
[26]. However, there are also studies whose results do not sup-
port such an association [27]. Badawi et al. (1,928 Canadian pa-
tients) found an inverse relationship between IR and the plasma
vitamin D level. It was also revealed that the supplementation of
vitamin D may help in preventing IR [28]. Vitamin D deficiency is
thought to influence the pathogenesis of DM by affecting either
insulin sensitivity, B-cell function, or both [28].

One of the other MS elements — dyslipidemia (high TG, low
HDL) — is considered to be associated with vitamin D deficiency
[29]. In the NHANES Il study (8,421 participants, > 20 years
old), a significant inverse correlation was found between higher
25(0OH)D and hypertriglyceridemia, hyperglycemia and abdomi-
nal obesity. Generally, the results showed a higher prevalence of
MS in people with a lower vitamin D serum concentration [30].

Vitamin D deficiency is a risk factor for hypertension; how-
ever, randomized controlled trials revealed mixed effects of vita-
min D supplementation on blood pressure (BP) [31]. One of the
results of the NHANES Il study confirmed the inverse associa-
tion of 25(0OH)D levels and BP, especially strong in people aged
>50 [18]. Owing to the performed meta-analysis, Kunutsor et al.
revealed a significant inverse correlation between 25(0OH)D and
the risk of HA [32]. Vitamin D negatively regulates RAAS [8]. In-
teresting results of a meta-analysis were reported by Wu et al.,
in which it was found that vitamin D supplementation was as-
sociated with a significant reduction of systolic BP, but there was
no evidence for diastolic BP reduction [33]. On the contrary, no
impact of vitamin D supplementation on the control of HA was
found in the recently published DAYLIGHT trial [34]. There are
also observational studies concerning the association of lower

25(0OH)D and a higher incidence of CVD and all-cause mortal-
ity [35, 36]. Another important observation was presented by
Grandi et al., who reported a CVD mortality risk increase by 83%
in subjects with low 25(0OH)D [37]. On the other hand, a recent
systematic review of 40 randomized control trials showed that
vitamin D supplementation to raise serum 25(OH)D concentra-
tions above 50 ng/ml did not reduce the relative risk of coronary
heart disease in community dwellers by more than 15%[1].

In another systematic review by Chowdhury et al. involving
22 studies (30,716 patients), it was found that supplementing
vitamin D, resulted in a modest 11% relative risk reduction for
all-cause mortality [3].

It should be emphasized that some meta-analyses clearly
indicate that, in the elderly mortality and morbidity associated
with a body excess increase at BMI > 30 kg/m? [38]. Therefore,
all factors potentially influencing obesity in the elderly should
be carefully analyzed.

Our study was performed in a group of 110 elderly patients,
out of which 20% were male. Vitamin D deficiency was high
in the whole group (84.5%), with extreme deficiency in a few
patients, mainly females. This may correspond with Novara
Atherosclerosis Study Group data, which showed gender dif-
ferences for vitamin D status, with a higher rate of deficiency
especially occurring in post-menopausal females. Verdoia et al.
found that the female gender was associated with lower vitamin
D levels and independently associated with severe vitamin D de-
ficiency (p < 0.001) [39].

To summarize, despite multiple data, the question of the
role of vitamin D in human metabolism, as well as CVD patho-
genesis, is still not fully explained, especially in the context of
gender differences. Therefore, it requires further research. One
of the most frequently found relationships is the association of
vitamin D deficiency and obesity. This observation was also con-
firmed by the results of our study.

Conclusions

Vitamin D deficiency was found to be highly prevalent in the
examined group of elderly patients. The study revealed a strong
correlation between vitamin D deficiency and visceral obesity.
Vitamin D supplementation may supposedly contribute to the
prevention of obesity and its treatment. The problem needs fur-
ther investigation on a larger group of patients.
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