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This study assesses the prevalence of Vitamin D deficiency and its potential association with
cardiometabolic risk factors among South African adults residing in the Eastern Cape province. In this
cross-sectional study, 1244 healthcare workers (HCWSs) completed a self-administered questionnaire
and venous blood samples were drawn at two academic hospitals in the Eastern Cape. History of
hypertension and diabetes mellitus were self-reported. Participants were categorised as obese if

their body mass index (BMI) = 30 kg/m?. Participants were classified as having metabolic syndrome if
they had hypertension, diabetes mellitus and obesity. Vitamin D [25(0OH)D] deficiency was defined as
venous blood concentrations <50 nmol/L. Associations between vitamin D deficiency and participants’
characteristics were assessed using multivariate logistic regression model analysis. The prevalence

of vitamin D deficiency was 28.5% (n=355), of whom 292 were female. Among the participants who
were deficient in vitamin D, the prevalence of obesity, diabetes mellitus, hypertension, chronic

kidney disease, and metabolic syndrome was 64.9% (n=230), 9% (n=32), 16.6% (n=59), 2.3% (n=8)
and 18% (n = 64), respectively. In the adjusted multivariate logistic regression model, black Africans
(AOR=2.87; 95% Cl 1.52-5.43) and individuals = 42 years (AOR=1.37; 95% Cl 1.07-1.77) were more
likely to exhibit vitamin D deficiency. However, there was no significant association by age, sex, and
cardiometabolic markers. More than one in four healthcare workers was deficient in vitamin D among
the study sample, especially the black Africans and older individuals. Further studies are needed at the
population level to elucidate on the vitamin D status in the region.
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Cardiometabolic disorders represent a cluster of interrelated risk factors, including hypertension, diabetes mel-
litus (DM), dyslipidemia and obesity'~. These cardiometabolic risk factors accelerate the progression of car-
diovascular diseases (CVDs)?, which account for 17.9 million deaths annually. According to the World Health
Organisation (WHO), over three quarters of CVD-associated deaths occur in low- and middle-income countries®.
South Africa is no exception; it has been reported that 215 people in South Africa die every day from heart disease
or stroke®. It was further demonstrated that the age standardised death rate from non-communicable diseases
(NCDs) among South Africans is higher than that of tuberculosis and HIV/AIDS combined, with CVDs in the
leading category of NCDs’. In recent years, vitamin D deficiency has been implicated in the pathophysiology
of CVDs and has been shown to be associated with cardiometabolic risk factors, including chronic low-grade
inflammation, obesity and DM among individuals of different ethnicities®®. Thus, treating vitamin D deficiency
may offer a feasible and cost-effective means of reducing cardiometabolic risk factors at the population level.

Vitamin D is a group of fat-soluble steroids that can be obtained from diet, supplements, and conversion of
7-dehydrocholesterol in the lower layers of the epidermis by ultraviolet B (UVB) radiation®. In the liver, Vita-
min D is hydroxylated to 25-hydroxyvitamin D (25[OH]D), the major circulating vitamin D metabolite, and
25[OH]D is further metabolised to its metabolically active form, 1,25-dihydroxyvitamin D (1,25[OH]2D), by
la-hydroxylase’'!. Furthermore, vitamin D is known for its role in the absorption of several minerals including
calcium®!!. Calcium plays an important role in cellular signal transduction, protein synthesis, bone formation and
maintaining potential differences across excitable cell membranes. This makes vitamin D an important indicator
of the status of bone health, certain types of cancer and multiple autoimmune diseases'>'>.

Vitamin D deficiency has been documented across different age groups and ethnicities'**"'7. Owing to the
increasing prevalence and associated health risks, vitamin D deficiency has become a major public health issue
worldwide'®. Experimental studies suggest that vitamin D plays an important role in increasing the risk of car-
diometabolic diseases through multiple pathways, including the inhibition of the release of proinflammatory
cytokines and regulation of the renin-angiotensin system'. Human observational studies have shown that low
dietary vitamin D intake is inversely related to the various cardiometabolic risk factors'#**-?2, Evidence from
randomised clinical trials for the effect of vitamin D supplements on cardiometabolic risk factors, however,
remains inconsistent®>?,

In addition, most studies have been conducted in Western countries and in more affluent provinces in South
Africa®?, where the prevalence of vitamin D deficiency ranges from 7 to 62.7%">**76. There is thus a gap in knowl-
edge about the prevalence of vitamin D deficiency among the adult population of the Eastern Cape province in
South Africa, a generally poor province. In addition, there is little evidence supporting the association of known
cardiometabolic risk factors with Vitamin D deficiency across different population groups in South Africa. The
current study bridges this knowledge gap by reporting on the prevalence of Vitamin D deficiency and its potential
association with cardiometabolic risk factors among South African adults residing in the Eastern Cape province.

Methods

Ethical approval and consent to participate

The larger study received approval from the Walter Sisulu University Ethics Committee (WSU/087/2020), fol-
lowed by additional approval from the Cecilia Makiwane and Frere Hospitals Research Ethics Committee to
allow the measurement of vitamin D levels and monitor reinfection rate (FCMHREC/A068/2020). Participants
gave written informed consent for their voluntary participation in the study. Participants’ right to privacy and
confidentiality of medical information were respected during and after the study’s completion. The study fol-
lowed the Helsinki Declaration and Good Clinical Practice Guidelines as well as local institutional policies on
human research.

Study design, settings and population

This observational cross-sectional study forms part of a larger study which aimed at assessing the cumulative
incidence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infections among healthcare work-
ers (HCWs) in the Eastern Cape. The detailed methodology has been published previously”. Briefly, healthcare
workers working at the two academic hospitals (Frere and Cecilia Makiwane) in the central region of the Eastern
Cape province participated in the study from November 2020 to February 2021.

Prior to recruitment, an awareness campaign was carried out through the union leaders, departmental heads
and unit managers. In addition, a communique detailing the purpose, process and expected outcomes of the
study was circulated among the HCWs in the two hospitals. Each working area was allocated specific days for
data capturing. In addition, a central area was created to allow for staff who may have missed their departmental
allotted days to catch up. There was no sample size estimated for the study as provision was made to recruit as
many staff within the time frame of the study. All categories of healthcare workers (clinical and non-clinical
staff) were eligible to take part in the study. The study adopted a multi-stage sampling technique in recruiting
participants across all work areas in the two hospitals?’.

Study procedure

Two research nurses and four assistants received training on the study process and its implementation. The
nurses drew 5 millilitres of venous blood samples from each participant using an aseptic technique. Participants’
height was measured to the nearest 0.1 cm with a mounted stadiometer while their weights were measured with
light clothing to the nearest 0.1 kg with a digital scale (Tanita-HD 309, Creative Health Products, MI, USA). The
body mass index (BMI) was estimated as the ratio of weight in kilogrammes (kg) to height in metres squared
(m?). Each participant completed the self-administered questionnaire. Each was issued a unique identifier code
to encode the name, date of birth and work area, and also, to allow linkage with blood results while maintaining
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privacy and confidentiality of medical information. Responses to the questionnaire data were captured in the
REDCap database of the South African Medical Research Council Server.

Measures

Laboratory assessment

Laboratory analysis of plasma samples for vitamin D followed standard protocols®. Briefly, samples for vitamin
D were obtained from freshly collected venous samples and were stored at — 80 °C until laboratory analysis. We
performed a short liquid-liquid extraction prior to measuring the concentration of 25(OH)D by using high
performance liquid chromatography (HPLC) kit (Recipe, Miinchen, Germany) with a photodiode array (PDA)
detector. Thereafter, aliquots of plasma samples were injected into the HPLC system, and the analytes were
separated on the appropriate analytical column. At a wavelength of 254 nm, both 25(OH)D, and 25(OH)D;
were detected and separated. The chromatograms were integrated using the peak height. The sum of 25(OH)D,
and 25(OH)D; was estimated as the total vitamin D [25(OH)D level in each participant. The limit of detection
of assay for 25(OH)D; was 2.5 nmol/L and 7.5 nmol/L for 25(OH)D, while the intra-assay CV for 25(OH)D
ranged from 0.9 to 4.9%, and the inter-assay CV ranged from 3.0 to 4.9%. Laboratory analysis was performed by
the National Health Laboratory Service, which fulfilled the requirements of the mandatory vitamin D external
quality assurance scheme (DEQAS). Vitamin D [25(OH)D was categorised as deficient and insufficient if con-
centrations were less than 50 nmol/L and 50-75 nmol/L, respectively***’.

Covariates

Relevant sociodemographic and clinical covariates were included in this study. For the multivariate analysis,
participants were categorised by median age to those <42 years and those > 42 years, place of residence was cat-
egorised as suburban and urban, and ethnicity was categorised as black (African ancestry), white (Caucasian)
or other (Asians and mixed ancestry), all self-reported in the questionnaire. Established cardiometabolic risk
factors such as obesity (defined as body mass index (BMI) > 30 kg/m?) was estimated as ratio of weight and
height squared while prior diagnosis of diabetes, hypertension and chronic kidney disease were self-reported
in the questionnaire. BMI was further categorised into underweight = BMI < 18.5 kg/m? normal weight =BMI:
18.5-24.9 kg/m? and overweight = BMI: 25.0-29.9 kg/m?. Participants were classified as having metabolic syn-
drome if they met the harmonised criteria of having all three conditions: hypertension, diabetes mellitus and
obesity™.

Statistical analysis

Complete data for 1244 participants was captured on the Research Electronic Data Capture (Redcap) and ana-
lysed using the IBM SPSS Statistics for Windows, Version 27.0 (IBM Corp., Armonk, New York, USA). The
characteristics of the study participants in frequencies and percentages were reported for categorical variables.
Differences between the means of continuous variables were assessed using an independent sample t-test, and
relationships between vitamin D levels and the categorical variables were assessed using chi-square analysis.
Associations between the main outcome measure (vitamin D deficiency <50 nmol/L) and participants’ char-
acteristics were assessed using multivariate logistic regression model analysis (both crude and adjusted odds
ratios) with a 95% confidence interval (95% CI). Age, sex, ethnicity, level of education, smoking status, residence
and residence and SARS-CoV-2 Positive test were used as the main adjusting factors. A p-value of less than 0.05
was considered statistically significant. Furthermore, Pearson chi-square analysis (Goodness-of-Fit) was used
to assess how well the model fits the data. Large chi-square values were an indication of a poor fit for the model,
and statistically significant values (i.e., p <0.05) indicated that the model did not fit the data well.

Results

General characteristics

A total of 1244 individuals participated in this study, of whom 18.3% (n=227) were male and 81.8% were
female (n=1017). Furthermore, 87.5% (n=1088) of the participants were black, 8.6% (n=107) were white and
3.9% (n=49) belonged to other ethnicities. About 63.1% (n=781) were obese, 57.6% (n="716) were resident in
suburban areas, and 18.4% met the criteria for metabolic syndrome (n=229). Furthermore, the mean age of the
study participants was 42.6 + 11.1 years, with similar patterns by sex and ethnicity. The mean BMI and vitamin
D level for the general study population was 32+7.7 kg/m? and 63.2+24.3 nmol/L, respectively. However, the
mean circulating vitamin D level was higher among the women (68.4 +14.5) nmol/L and white participants
(75.5+32.7). Additionally, an independent t-test was run to assess the mean differences between the continu-
ous variables (age, BMI, and Vitamin D levels) against sex and ethnicity. The data revealed that only vitamin
D levels significantly differed across the three ethnic groups (p <0.001) while the other variables did not reach
significance level (Table 1).

Prevalence of vitamin D deficiency and cardiometabolic risk factors

Opverall, the prevalence of vitamin D deficiency was 28.5% (95% CI 0.26-0.31) and insufficiency was 43.1% (95%
CI 0.40-0.46). Though there was a higher prevalence of vitamin D deficiency among women 28.7% (n=292)
in comparison to 27.8% in men (n=63), the difference was not statistically significant (p >0.05). The overall
prevalence of obesity (BMI>30 kg/m?), DM, hypertension, CKD and metabolic syndrome was 63.1% (n=781),
7.9% (n=98), 18.2% (n=227), 1.9% (n=24) and 18.4% (n=229), respectively. Among participants who met the
criteria for vitamin D deficiency, the prevalence of obesity, DM, hypertension, CKD and metabolic syndrome was
64.9% (n=230/355), 9% (n=32/355), 16.6% (n=59/355), 2.3% (n==8/355) and 18% (n=64/355), respectively.
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Sex Ethnicity
Variable Total Male Female Black White Other
All 1244 (100) | 227(18.2) | 1017 (81.8) | 1088 (87.5) | 107 (8.6) 49 (3.9)
*Age (years) 42.6+11.1 41.6+109 |42.8+11.3 429+10.8 41.7+12.4 41.1£11.9
*Vitamin D (nmol/L) 63.2+24.3 60.4+235 |68.4+14.5 62.7+23.9 75.5+32.7 60.6+25.4
BMI (kg/mz) 32+7.7 28.8+5.6 339179 34.1+£7.1°* | 28.0+£6.7* | 29.4+7.0°*
Age (Years)
18-25 71 (5.7) 15 (6.6) 56 (5.5) 41 (3.8) 20 (18.7) 10 (20.4)
26-35 308 (24.8) 72 (31.7) 236 (23.2) 249 (22.9) 44 (41.1) 15 (30.6)
36-45 336 (27.0) | 72(3L7) |264(26.0) |311(28.6) 12(11.2) 13 (26.5)
46-55 332 (26.7) 49 (21.6) 283 (27.8) 305 (28.0) 20 (18.7) 07 (14.3)
56-65 197 (15.8) 19 (8.4) 178 (17.5) 182 (16.7) 11(10.3) 04 (8.2)
Smoking status
Never 1136 (91.3) | 172 (75.8) | 964 (94.8) | 1004 (92.3) |91 (85.0) 41(83.7)
Active 66 (5.3) 32 (14.1) 34 (3.3) 52 (4.8) 10 (9.3) 04 (8.2)
Former 42 (3.4) 23(10.1) 19 (1.9) 32(2.9) 06 (5.6) 04(8.2)
Level of education
Secondary 360 (28.9) 62 (27.3) 298 (29.3) 346 (31.8) 12(11.2) 02 (4.1)
Tertiary 884 (71.1) 165 (72.7) | 719 (70.7) 742 (68.2) 95 (88.8) 47 (95.9)
BMI
Underweight 7 (0.6) 2(0.9) 5(0.5) 5(0.5) 02 (1.9) 0(0.0)
Normal 171 (13.8) 48 (21.4) 123 (12.1) 109 (10.1) 42 (39.6) 20 (40.8)
Overweight 279 (22.5) 82 (36.6) 197 (19.4) 234 (21.6) 29 (27.4) 16 (32.7)
Obese 781(63.1) |92 (41.1) |689(67.9) |735(67.9) |33 (3L1) 13 (26.5)
Residence
Urban 528 (42.44) |89(39.2) 439 (43.2) 523 (48.1) 02(1.9) 03 (6.1)
Suburban 716 (57.6) | 138 (60.8) |578(56.8) | 565 (51.9) 105 (98.1) | 46 (93.9)
Diabetes
Yes 98 (7.9) 14 (6.2) 84 (8.3) 91 (8.4) 5(4.7) 02 (4.1)
No 1146 (92.1) |213(93.8) |933(91.7) 997 (91.6) 102 (95.3) 47 (95.9)
Hypertension
Yes 227 (18.2) 27 (11.9) 200 (19.7) 205 (18.8) 16 (15.0) 06 (12.2)
No 1017 (81.8) {200 (88.1) |817(80.3) 883 (81.2) 91 (85.0) 43 (87.8)
CKD
Yes 24 (1.9) 03 (1.3) 212.1(2.1) [23(2.1) 01 (0.9) 0(0.0)
No 1220 (98.1) |224(98.7) |996(97.9) 1065 (97.9) 106 (99.1) 49 (100.0)
Positive SARS-CoV-2 test
Yes 388 (31.2) |59(26.0) |329(324) |350(322) |24(22.4) 14 (28.6)
No 856 (68.8) 168 (74.0) | 688 (67.6) 738 (67.8) 83 (77.6) 35(71.4)
Metabolic syndrome
Yes 229 (184) |24(10.6) |205(20.2) |211(19.4) 15 (14.0) 03 (6.1)
No 1015 (81.6) |203(89.4) |812(79.8) 877 (80.6) 92 (86.0) 46 (93.9)
Vitamin D status (nmol/L)
Deficient (< 50) 355(28.5) |63(27.8) |292(28.7) |324(29.8) 06 (5.6) 25 (51.0)
Insufficient (50-75) 536 (43.1) 95 (41.9) 441 (43.4) 480 (44.1) 44 (41.1) 12 (24.5)
Sufficient (>75) 353 (28.4) 69 (30.4) 284 (27.9) 284 (26.1) 57 (53.3) 12 (24.5)

Table 1. General characteristics of the study participants stratified by sex and ethnicity (n=1244). Values
are reported as mean (standard deviation)* and n (%)**. BMI body mass index, CKD chronic kidney disease.
%%t

p<0.001.

Determinants of vitamin D deficiency

In the chi-square analysis, vitamin D status showed a significant relationship with age (p=0.026) and ethnicity
(p<0.001). Almost 30% of black African healthcare workers were deficient in vitamin D in comparison to 5.6%
among the white participants. However, a higher proportion of mixed ancestry and Asian (other) population
(51%) were deficient in vitamin D in comparison to the other two groups (Black and White participants). On
the other hand, no relationship was observed between vitamin D status and the other selected variables (sex,
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residence, level of education, smoking status, positive SARS-CoV-2 test, BMI, DM, hypertension, CKD and
metabolic syndrome).

The multivariate logistic regression (unadjusted) analysis showed that black participants (COR="7.18; 95%
CI 3.11-16.55) and participants > 42 years (COR =1.35; 95% CI 1.03-1.69) were more likely to exhibit vitamin
D deficiency, while white participants (COR=0.41; 95% CI 0.23-0.72) were less likely to exhibit vitamin D
deficiency.

After adjusting for confounding factors, the final multivariate logistic regression analysis shows that black
participants (AOR=2.87 95% CI 1.52-5.43) were more likely to exhibit vitamin D deficiency. Similarly, par-
ticipants who were > 42 years (AOR=1.37; 95% CI 1.07-1.77) were more likely to exhibit vitamin D deficiency.
None of the other variables was significantly associated with vitamin D status. Different models (Model I-V)
were performed and all confirmed aging and black ethnicity were the independent determinants of vitamin D
deficiency in the study sample. Additionally, the significance levels of each model are shown in Table 2.

Discussion

Vitamin D deficiency has been associated with many adverse health outcomes, including cardiometabolic dis-
eases. However, the prevalence of vitamin D deficiency among South African adults is not well established. For
instance, there is no prior study on vitamin D from the Eastern Cape, a province with about 6.5 million people,
which limits our understanding of nutritional deficiency in the country. Such data would enrich the South Afri-
can literature on vitamin D status of the population and potentially, could inform local guidelines on vitamin D
deficiencies. Therefore, the current study reports on the prevalence of vitamin D deficiency and its associations
with cardiometabolic risk factors among residents of the Eastern Cape Province.

Serum 25(OH)D is the best marker for assessing vitamin D status, with individuals presenting a concentra-
tion range below 75 nmol/L considered vitamin D deficient*. In the current study, vitamin D deficiency was
observed in 28.5% of the participants. The figure reported in this study is comparable to the 27% reported by
Chutterpaul et al."> among adult resident of KwaZulu-Natal, South Africa. The figure presented in this study is
lower than the 31.3% reported in Northwestern Nigeria and 43.6% reported in Ghana'®*'; however, it is higher
than the 17.6% reported in Kenya??. Studies conducted in other parts of the world showed a higher prevalence of
vitamin D deficiency than in the current study; United States of America (41.6%), Pakistan (73%), India (67%),
Iran (90.7%) and Switzerland (51%)'7****. Similarly, the prevalence of vitamin D deficiency presented in this
study was lower than the 83% reported in Fulani women (Nigeria)** and the 46% reported by Naidoo et al.*®
among South African women in KwaZulu-Natal province. Of note, we defined vitamin D deficiency as serum
concentration of 25(OH)D < 50 nmol/L (28.29), while some of the reference studies defined vitamin D deficiency
as 25(OH)D <75 nmol/L (or 30 ng/ml). There are two criteria used to define vitamin D status; however, this lack
of standardisation in the cut-off values of these two criteria complicates efforts to synthesise reliable epidemio-
logical data and makes it hard to make comparisons between studies over time. Thus, it is important to establish
standardised cut-off values for circulating 25(OH)D concentrations to generate accurate information about the
prevalence of vitamin D deficiency across different populations.

Furthermore, we observed a higher prevalence of vitamin D deficiency among women (28.7%) than among
men. Similar trends were also reported by Hovsepian et al.””, Bhutia et al.*® and Park et al.**. Furthermore, many
studies suggest that vitamin D status is sex-related, although little is known regarding this association**-*2. There-
fore, we investigated the possible association between sex and vitamin D status. Although, vitamin D deficiency
was common among women, we found no clear association between vitamin D status and sex. Results of the
current study contradict findings reported by Muscogiuri et al.*? and Yan et al.*’, where sex was a predictive
factors of 25(OH)D concentrations. It was further demonstrated that the female sex was significantly associated
with lower vitamin D levels than in men, and that female sex was independently associated with severe vitamin
D deficiency*. On the other hand, Johnson et al.** showed that the male sex was significantly associated with
vitamin D deficiency in a Norwegian population. Based on these reports, it is not clear whether vitamin D status
is affected by sex. The conflicting findings may be explained by varying study conditions, including differences
in latitudes, age, sun exposure and body composition. It should also be noted that the current study is largely
dominated by female participants (81.8%), thus, precluding full understanding of vitamin D status in the male
population. More studies are needed to clarify the association between sex and vitamin D status.

In addition, circulating levels 25(OH)D are known to vary by race/ethnicity and age®. In the current study,
vitamin D deficiency was associated with age. Our analysis further revealed that individuals who were > 42 years
old were more likely to be deficient in vitamin D. It is important to note that a large proportion (47.6%) of our
study participants were aged between 46 and 65 years. Our findings differ from previous reports from the United
Kingdom, where advanced age was associated with lower odds of vitamin D deficiency or insufficiency*’. How-
ever, similar to a report made in the United States of America, where middle-aged and older adults had higher
odds of vitamin D deficiency®. In addition, the current study revealed that vitamin D deficiency was common
among black participants (29.9%). Our multivariate logistic regression analysis further demonstrated that black
participants were more likely to exhibit vitamin D deficiency than other racial groups. Similar trends were
reported by Meltzer et al.*’, who found that low vitamin D levels were more common among black participants
(36%) than among white participants (16%). Using data from the US National Health and Nutrition Examina-
tion Survey (NHANES), Weishaar et al.** showed that darker skin colours were independently and significantly
associated with poorer vitamin D status. Peiris et al.>! further demonstrated that the differences observed in
vitamin D deficiency between black and white individuals were independent of latitude and seasonal changes.
Data from the NHANES III also showed that 53%-76% of non-Hispanic blacks, compared with 8-33% of non-
Hispanic whites, had 25(OH)D concentrations below 50 nmol/L in the winter. In this study, seasonal changes
of vitamin D concentrations were not assessed.
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Variable ‘ Model I Model I Model IIT Model IV Model V

Sex

Male 1 1 1 1 1

Female 1.02 (0.72-1.44) 1.01 (0.72-1.42) 1.01 (0.72-141) 1.02 (0.73-1.43) 1.01 (0.72-1.41)
Age (Years)

<42 1 1 1 1 1

>42 1.36 (1.05-1.75)* | 1.36 (1.06-1.75) * | 1.37 (1.06-1.76)* | 1.36 (1.06-1.75)* | 1.36 (1.06-1.75)*
**Ethnicity

Other 1 1 1 1 1

Black 2.84 (1.51-5.37)** | 2.84 (1.51-5.35)** | 2.85 (1.51-5.37)** | 2.85 (1.51-5.37)** | 2.28 (1.50-5.41)**
White 1.26 (0.86-1.86) 1.22 (0.82-1.80) 1.22 (0.83-1.80) 1.23 (0.84-1.81) 1.22 (0.83-1.79)
Residence

Urban 1 1 1 1 1

Suburban 1.00 (0.76-1.31) 0.98 (0.75-1.29) 0.99 (0.76-1.41) 0.97 (0.74-1.24) 0.99 (0.75-1.29)

Smoking status
Active 1 1 1 1

Former 0.84 (0.38-1.16) 1 0.77 (0.36-1.64) 0.78 (0.36-1.64) 0.78 (0.37-1.66)
Never 1.13 (0.44-2.85) 1.15 (0.86-1.54) 1.10 (0.43-2.80) 1.11 (0.44-2.82) 1.12 (0.44-2.84)

Level of education
Secondary 1 1 1 1 1
Tertiary 1.17 (0.87-1.56) 1.15 (0.86-1.54) 1.15 (0.86-1.54) 1.15 (0.86-1.53) 1.60 (0.87-1.54)
SARS-Cov-2 positive test
No 1 1 1 1 1

Yes 1.06 (0.80-1.39) 1.04 (0.80-1.37) 1.05 (0.80-1.38) 1.49 (0.79-1.36) 1.04 (0.80-1.37)
Obesity - - - -

Non-obese 1

Obese 0.89 (0.68-1.18)
Diabetes - - - -
No 1

Yes 0.78 (0.50-1.23)

Hypertension - - - -
No 1
Yes 1.73 (0.84-1.63)

CKD

No

1

Yes

0.82 (0.36-2.07)

Metabolic syndrome

No

1

Yes

1.30 (0.74-1.42)

p-values

0.173

0.177

0.276

0.182

0.132

Table 2. Multivariate logistic regression analysis of factors associated with Vitamin D deficiency. Significant
values are in bold. Values are reported as odds ratios (95%CI); CKD chronic kidney disease; Model I=Obesity,
adjusted by age, sex and ethnicity, level of education, smoking status, residence and SARS-CoV-2 Positive

test; Model IT = Metabolic syndrome, adjusted by age, sex and ethnicity, level of education, smoking status,
residence and SARS-CoV-2 Positive test. Model IIT=Diabetes, adjusted by age, sex and ethnicity, level of
education, smoking status, residence and SARS-CoV-2 Positive test; Model IV = Hypertension, adjusted by age,
sex and ethnicity, level of education, smoking status, residence and SARS-CoV-2 Positive test; Model V=CKD,
adjusted by age, sex and ethnicity, level of education, smoking status, residence and SARS-CoV-2 Positive test;
o4 <0,001. *p < 0.01; *p <0.05.

The higher prevalence of low vitamin D levels among black adults may be a result of lower cutaneous vitamin
D synthesis attributable to higher melanin levels®>** as well as lower intake of dairy products and other foods
fortified with vitamin D. it should be noted that this study was carried out among the healthcare workers who are
socioeconomically well off than the average people of the Eastern Cape province. As such, the true prevalence of
vitamin D deficiency at the population level is expected to be much higher than the 28.5%. The findings of the
current study, and others, warrant further studies on the potential role of vitamin D supplementation among
black Africans.

In addition to ethnicity, we investigated the prevalence of DM, obesity, hypertension, CKD and metabolic syn-
drome among participants who met the criteria for vitamin D deficiency. We found a high prevalence of obesity
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(64.5%) among the study participants. Furthermore, the study showed that the prevalence of DM, hypertension,
CKD, and metabolic syndrome ranged from 2.5 to 18.2% among participants with vitamin D deficiency. Our
findings are in line with previous studies, in which cardiometabolic risk factors were prevalent among individuals
who exhibited vitamin D deficiency'®***>#*, However, our study found no association between vitamin D status
and the selected cardiometabolic risk factors. In contrast, an analysis of data from the NHANES III 1988-1994
study showed that low vitamin D was significantly associated with CVDs and select CVD risk factors, including
DM, obesity and hypertriglyceridemia®. A study conducted in South India demonstrated a strong association
between hypertension and vitamin D deficiency®®. On the other hand, in vivo studies show that low vitamin D
levels are associated with increased systolic blood pressure accompanied by an increase in angiotensin 2, which
is an important component of blood pressure regulation®.

In addition, Satirapoj et al.”” demonstrated that low vitamin D levels were associated with the level of kidney
function, and Al-Dabhani et al.*® showed that vitamin D deficiency was associated with metabolic syndrome.
It was further demonstrated that high levels of vitamin D were associated with a lower prevalence of metabolic
syndrome®. Nonetheless, other studies have failed to confirm these observations®¢'. Thus, future studies should
investigate the causality between vitamin D status and known cardiometabolic risk factors.

Study limitations

To the best of our knowledge, this is the first study to investigate the status of vitamin D, and also, its associated
cardiometabolic risk factors among adult residents of the Eastern Cape province, South Africa. However, our
study has several limitations that are worth mentioning. This study is limited to urbanised healthcare workers,
who are gainfully employed by the state and therefore the status of vitamin D in the general population may be
much worse. As such, a larger observational study targeting the broader population of Eastern Cape residents
would elucidate the status of vitamin D in the region. Given the small number of minority ethnic groups par-
ticipants included in this study, it is therefore difficult to establish the vitamin D status of this sub-population.
Future studies should aim at recruiting a representative sample of minority populations to gain better under-
standing of vitamin D status in the country. With the limited number of male participants in the study, it is
difficult to make definitive assessments about the vitamin D status within this particular subgroup. It is worth
noting that the relatively low number of male participants in this study mirrors the gender distribution within
the healthcare sector in South Africa, where women predominantly occupy roles such as nurses, cleaners, and
other support staff. In addition, we did not assess diet, vitamin D supplements, parathyroid hormone levels as
well as fasting blood sugar and lipid levels, which are important factors related to circulating serum 25(OH)D
and metabolic syndrome. Second, we were not able to measure the lipid profile (triglyceride, HDL-C and LDL-
C), blood glucose, blood pressure, waist circumference and seasonal variations of vitamin D levels. Although,
we adjusted for potential confounders, this study has an observational design; therefore, residual confounding
factors may remain. Nevertheless, the study could form a foundation for further studies on vitamin D status in
poor regions of South Africa.

Conclusion

In the current study, vitamin D deficiency was highly prevalent, particularly among women. Furthermore, the
study confirmed the association between vitamin D status, ethnicity, and age. However, none of the selected
cardiometabolic risk factors showed an association with vitamin D status. Additional data is needed to confirm
the lack of association between these factors and vitamin D status. Nonetheless, the study highlighted the need
for standardised cut-off values for 25(OH)D concentrations to generate reliable and representative national epide-
miological data which will help to determine the incidence of vitamin D deficiency in the country. Furthermore,
the findings of this study as well as those from previous reports highlight the need for intervention studies on
the potential role of vitamin D supplementation among individuals of African origin.

Data availability
The dataset analysed in this study are available with the corresponding author upon reasonable written request.

Received: 24 September 2023; Accepted: 19 February 2024
Published online: 27 February 2024

References

1. Kassi, E., Pervanidou, P, Kaltsas, G. & Chrousos, G. Metabolic syndrome: Definitions and controversies. BMC Med. 9(1), 48 (2011).

2. Swarup S, Goyal A, Grigorova Y, Zeltser R. Metabolic Syndrome. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publish-
ing; 2022 [cited 2022 Jan 31]. http://www.ncbi.nlm.nih.gov/books/NBK459248/.

3. Rochlani, Y., Pothineni, N. V,, Kovelamudi, S. & Mehta, ]. L. Metabolic syndrome: pathophysiology, management, and modulation
by natural compounds. Ther. Adv. Cardiovasc. Dis. 11(8), 215-225 (2017).

4. Cardiovascular diseases (CVDs) [Internet]. [cited 2022 Jan 31]. https://www.who.int/news-room/fact-sheets/detail/cardiovasc
ular-diseases-(cvds).

5. Nojilana, B. et al. Persistent burden from non-communicable diseases in South Africa needs strong action. SAMJ South Afr. Med.
7. 106(5), 436-7 (2016).

6. Majeed, F. Low levels of Vitamin D an emerging risk for cardiovascular diseases: A review. Int. J. Health Sci. (Qassim) 11(5), 71-76
(2017).

7. Roy, A. et al. Independent association of severe vitamin D deficiency as a risk of acute myocardial infarction in Indians. Indian
Heart J. 67(1), 27-32 (2015).

8. Afshari, L., Amani, R, Soltani, F,, Haghighizadeh, M. H. & Afsharmanesh, M. R. The relation between serum Vitamin D levels
and body antioxidant status in ischemic stroke patients: A case—control study. Adv. Biomed. Res. 4,213 (2015).

9. Wacker, M. & Holick, M. F. Sunlight and Vitamin D. Dermatoendocrinology 5(1), 51-108 (2013).

Scientific Reports |

(2024) 14:4756 | https://doi.org/10.1038/s41598-024-54977-y nature portfolio


http://www.ncbi.nlm.nih.gov/books/NBK459248/
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds

www.nature.com/scientificreports/

10.
11.
12.
13.
14.
15.
16.
17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Song, Y. & Wang, L. Vitamin D and cardiometabolic disease: From observation to intervention. Curr. Nutr. Rep. 1(2), 55-63 (2012).
Zhang, R. & Naughton, D. P. Vitamin D in health and disease: Current perspectives. Nutr. J. 9(1), 65 (2010).

Shipton, E. A. & Shipton, E. E. Vitamin D and pain: vitamin D and its role in the aetiology and maintenance of chronic pain states
and associated comorbidities. Pain Res. Treat. 2015, 1-12 (2015).

Yang, Z., Yue, Z., Ma, X. & Xu, Z. Calcium homeostasis: A potential vicious cycle of bone metastasis in breast cancers. Front. Oncol.
10, 293 (2020).

Reis, J. P, von Miihlen, D., Miller, E. R., Michos, E. D. & Appel, L. J. Vitamin D status and cardiometabolic risk factors in the US
adolescent population. Pediatrics 124(3), e371-e379 (2009).

Chutterpaul, P,, Paruk, F. & Cassim, B. Prevalence of vitamin D deficiency in older South Africans with and without hip fractures
and the effects of age, body weight, ethnicity and functional status. J. Endocrinol. Metabol. Diabetes South Afr. 24(1), 10-15 (2019).
Muhammad, E, Uloko, A., Gezawa, I. & Enikuomehin, A. Prevalence and risk factors of low vitamin D in Kano, Northwestern
Nigeria. Endocrine Abstr. https://doi.org/10.1530/endoabs.59.P044 (2018).

Siddiqee, M. H., Bhattacharjee, B., Siddiqi, U. R. & MeshbahurRahman, M. High prevalence of vitamin D deficiency among the
South Asian adults: A systematic review and meta-analysis. BMC Public Health 21(1), 1823 (2021).

Nam, G. E. et al. 25-Hydroxyvitamin D insufficiency is associated with cardiometabolic risk in Korean adolescents: The 2008-2009
Korea National Health and Nutrition Examination Survey (KNHANES). Public Health Nutr. 17(1), 186-194 (2014).

Mozos, I. & Marginean, O. Links between vitamin D deficiency and cardiovascular diseases. Biomed. Res. Int. 2015, 109275 (2015).
Fliser, D. et al. No effect of calcitriol on insulin-mediated glucose uptake in healthy subjects. Eur. J. Clin. Investig. 27(7), 629-633
(1997).

Reis, J. P.,, von Miihlen, D., Kritz-Silverstein, D., Wingard, D. L. & Barrett-Connor, E. Vitamin D, parathyroid hormone levels, and
the prevalence of metabolic syndrome in community-dwelling older adults. Diabetes Care 30(6), 1549-1555 (2007).

Mba, C. M. et al. Association between circulating 25-hydroxyvitamin D and cardiometabolic risk factors in adults in rural and
urban settings. Nutr. Diabetes 12(1), 1-8 (2022).

Cai, B. et al. Effect of vitamin D supplementation on markers of cardiometabolic risk in children and adolescents: A meta-analysis
of randomized clinical trials. Nutr. Metabol. Cardiovasc. Dis. 31(10), 2800-2814 (2021).

Roth, D. E. et al. Global prevalence and disease burden of vitamin D deficiency: A roadmap for action in low- and middle-income
countries. Ann. N. York Acad. Sci. 1430(1), 44-79 (2018).

George, J. A., Norris, S. A., van Deventer, H. E. & Crowther, N. J. The association of 25 hydroxyvitamin D and parathyroid hormone
with metabolic syndrome in two ethnic groups in South Africa. PLOS ONE. 8(4), €61282 (2013).

George JA. Vitamin D status and Cardiometabolic risk factors in Black African and Indian populations of South Africa. (Doctoral
dissertation, University of the Witwatersrand, Faculty of Health Sciences).

Stead, D. et al. Cumulative incidence of SARS-CoV-2 and associated risk factors among healthcare workers: A cross-sectional
study in the Eastern Cape, South Africa. BMJ Open 12(3), €058761 (2022).

Holick, M. E. et al. Evaluation, treatment, and prevention of vitamin D deficiency: An Endocrine Society Clinical Practice Guideline.
J. Clin. Endocrinol. Metabol. 96(7), 1911-1930 (2011).

Amrein, K. et al. Vitamin D deficiency 2.0: An update on the current status worldwide. Eur. J. Clin. Nutr. 74(11), 1498-513 (2020).
Alberti, K. G. M. M. et al. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 120(16),
1640-1645 (2009).

Sakyi, S. A. et al. Vitamin D deficiency is common in Ghana despite abundance of sunlight: A multicentre comparative cross-
sectional study. J. Nutr. Metabol. 2021, €9987141 (2021).

Kagotho, E., Omuse, G., Okinda, N. & Ojwang, P. Vitamin D status in healthy black African adults at a tertiary hospital in Nairobi,
Kenya: A cross sectional study. BMC Endocrine Disord. 18(1), 70 (2018).

Forrest, K. Y. Z. & Stuhldreher, W. L. Prevalence and correlates of vitamin D deficiency in US adults. Nutr. Res. 31(1), 48-54 (2011).
Nikooyeh, B. et al. Vitamin D status and cardiometabolic risk factors across latitudinal gradient in Iranian adults: National food
and nutrition surveillance. Nutr. Health 23(2), 87-94 (2017).

Green, R. J. et al. Vitamin D deficiency and insufficiency in Africa and the Middle East, despite year-round sunny days. SAMJ
South Afr. Med. J. 105(7), 6035 (2015).

Naidoo, Y., Moodley, J., Madurai, L. & Naicker, T. Prevalence of Vitamin D deficiency in a multiracial female population in
KwaZulu-Natal province, South Africa. South Afr. Fam. Pract. 61(3), 79 (2019).

Hovsepian, S., Amini, M., Aminorroaya, A., Amini, P. & Iraj, B. Prevalence of vitamin D deficiency among adult population of
Isfahan City, Iran. J. Health Popul. Nutr. 29(2), 149-155 (2011).

Verma, Y., Bhutia, S. C. & Phukan, R. R. Vitamin D status and its association with age and gender in East Sikkim. Indian J. Med.
Biochem. 22(1), 71-74 (2018).

Park, J. H., Hong, I. Y., Chung, J. W. & Choi, H. S. Vitamin D status in South Korean population: Seven-year trend from the
KNHANES. Medicine 97(26), e11032 (2018).

Sanghera, D. K., Sapkota, B. R., Aston, C. E. & Blackett, P. R. Vitamin D status, gender differences, and cardiometabolic health
disparities. Ann. Nutr. Metabol. 70(2), 79-87 (2017).

Wierzbicka, A. & Oczkowicz, M. Sex differences in vitamin D metabolism, serum levels and action. Br. J. Nutr. 128(11), 2115-2130
(2022).

Muscogiuri, G. et al. Sex differences of vitamin D status across BMI classes: An observational prospective cohort study. Nutrients
11(12), 3034 (2019).

Yan, X., Zhang, N., Cheng, S., Wang, Z. & Qin, Y. Gender differences in vitamin D status in China. Med. Sci. Monit. 25, 7094-7099
(2019).

Verdoia, M. et al. Impact of gender difference on vitamin D status and its relationship with the extent of coronary artery disease.
Nutr. Metab. Cardiovasc. Dis. 25(5), 464-470 (2015).

Johnson, L. K. et al. Impact of gender on vitamin D deficiency in morbidly obese patients: A cross-sectional study. Eur. J. Clin.
Nutr. 66(1), 83-90 (2012).

Wei, J., Zhu, A. & i, J. S. A comparison study of vitamin D deficiency among older adults in China and the United States. Sci. Rep.
9(1), 19713 (2019).

Lin, L. Y., Smeeth, L., Langan, S. & Warren-Gash, C. Distribution of vitamin D status in the UK: A cross-sectional analysis of UK
Biobank. BMJ Open 11(1), e038503 (2021).

Wang, T. Y., Wang, H. W. & Jiang, M. Y. Prevalence of vitamin D deficiency and associated risk of all-cause and cause-specific
mortality among middle-aged and older adults in the United States. Front. Nutr. 10, 1163737 (2023).

Meltzer, D. O. et al. Association of vitamin D levels, race/ethnicity, and clinical characteristics with COVID-19 test results. JAMA
Netw. Open 4(3), e214117 (2021).

Weishaar, T., Rajan, S. & Keller, B. Probability of vitamin D deficiency by body weight and race/ethnicity. J. Am. Board Fam. Med.
29(2), 226-232 (2016).

Peiris, A. N, Bailey, B. A., Peiris, P, Copeland, R. J. & Manning, T. Race and vitamin D status and monitoring in male veterans. J.
Natl. Med. Assoc. 103(6), 492-497 (2011).

Scientific Reports |

(2024) 14:4756 | https://doi.org/10.1038/s41598-024-54977-y nature portfolio


https://doi.org/10.1530/endoabs.59.P044

www.nature.com/scientificreports/

52. Harris, S. S. Vitamin D and African Americans. J. Nutr. 136(4), 1126-1129 (2006).

53. Ames, B. N, Grant, W. B. & Willett, W. C. Does the high prevalence of vitamin D deficiency in African Americans contribute to
health disparities?. Nutrients 13(2), 499 (2021).

54. Hartono, A. C,, Sidharta, V. M., Astiarani, Y. & Regina, R. Association between melanin and vitamin D: A systematic review. JKKI
5,95-103 (2023).

55. Kheiri, B. et al. Vitamin D deficiency and risk of cardiovascular diseases: A narrative review. Clin. Hypertens. 24(1), 9 (2018).

56. Vatakencherry, R. M. J. & Saraswathy, L. Association between vitamin D and hypertension in people coming for health check up
to a tertiary care centre in South India. J. Family Med. Prim. Care 8(6), 2061-2067 (2019).

57. Satirapoj, B., Limwannata, P., Chaiprasert, A., Supasyndh, O. & Choovichian, P. Vitamin D insufficiency and deficiency with stages
of chronic kidney disease in an Asian population. BMC Nephrol. 14(1), 206 (2013).

58. Al-Dabhani, K. et al. Prevalence of vitamin D deficiency and association with metabolic syndrome in a Qatari population. Nutr.
Diabetes 7(4), €263 (2017).

59. Vitezova, A. et al. Vitamin D status and metabolic syndrome in the elderly: The Rotterdam study. Eur. . Endocrinol. 172(3), 327-335
(2015).

60. Chon, S.]J. et al. Association between vitamin D status and risk of metabolic syndrome among Korean Postmenopausal Women.
PLOS ONE 9(2), €89721 (2014).

61. Amirbaigloo, A. et al. Absence of association between vitamin D deficiency and incident metabolic syndrome: Tehran lipid and
glucose study. Metab. Syndrome Relat. Disord. 11(4), 236-242 (2013).

Acknowledgements
The authors are grateful to Dr Dave Stead (Frere Hospital, East London, South Africa) for his insight on the study
as well as the healthcare staff who participated in this study.

Author contributions

O.V.A. conceptualised, designed, and implemented the study protocol. C.M. analysed the data. J.G. monitored
the laboratory analysis and provided quality control on the vitamin D assay. O.V.A. and C.M. drafted the paper,
and all the authors approved the final draft for submission for publication.

Funding

The research project was supported by the South African Medical Research Council (SAMRC) Grant (Reference;
0000062597106824), and the Walter Sisulu University Faculty of Health Sciences Personal Research Publication
Funds (OVA).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to O.V.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:4756 | https://doi.org/10.1038/s41598-024-54977-y nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Prevalence of vitamin D deficiency and its association with cardiometabolic risk factors among healthcare workers in the Eastern Cape province, South Africa; cross-sectional study
	Methods
	Ethical approval and consent to participate
	Study design, settings and population
	Study procedure
	Measures
	Laboratory assessment

	Covariates
	Statistical analysis

	Results
	General characteristics
	Prevalence of vitamin D deficiency and cardiometabolic risk factors
	Determinants of vitamin D deficiency

	Discussion
	Study limitations
	Conclusion
	References
	Acknowledgements


