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Abstract
Background: As epidemiological studies have linked vitamin D deficiency to risk of metabolic syndrome, we 

investigated vitamin D deficiency with metabolic syndrome prevalence in immigrant Asian women. 

Materials and Methods: In a cross-sectional pilot survey of older East Asian women (n=85 aged 60-95) we 
examined the association between vitamin D status (measured by serum 25-hydroxyvitamin D) with metabolic 
syndrome risk factors.

Results: The population mean for 25-hydroxyvitamin D concentration in serum was 56 ± 22 nmol/L with forty 
percent being vitamin D deficient (< 50 nmol/L). Ninety-eight percent of the population had at least one metabolic-
syndrome risk factor, 85% had two, 55% had three and 8% had four. Having four metabolic syndrome risk factors was 
associated with a three fold risk of vitamin D deficiency. Vitamin D deficiency was associated with high non-fasting 
blood glucose levels ≥7.7 mmol/L (OR=5.2, 95%CI=1.8-18) and non-significantly, with being overweight (OR=1.8, 
95%CI =0.7-5). In contrast, vitamin D deficiency was not associated with either hypertension or central obesity. 
Environmental factors associated with vitamin D deficiency in these data were no vitamin tablet intake (calcium or 
vitamin D) (OR=7.2, 95%CI=1.8-29; OR=6.3, 95%CI=1.2-32, respectively); not being acculturated to an Australian 
lifestyle, (OR=2.6, 95%CI=0.9-8) or less sun exposure on the weekends (OR=3.6, 95%CI=1.0-13). After adjustment 
for these predictors, if these Asian immigrants were vitamin D deficient they were at an eight fold risk of having high 
blood glucose measurements (OR=7.6, 95%CI=1-53). 

Conclusion: Further larger prospective studies should be conducted to examine the association between vitamin 
D deficiency and risk of metabolic syndrome in similar immigrant populations.
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Introduction
Established determinants of vitamin D status, as measured by 

serum 25-hydroxyvitamin D (25(OH)D) are exposure to sunlight and 
intake of vitamin D, either from foods or vitamin supplements [1]. 
Decreased physical activity, obesity and low social status and darker 
skin tone have also been associated with low vitamin D levels world-
wide [2]. Several recent reviews have reported associations between 
low blood 25(OH)D levels and metabolic syndrome (MetS) risk factors 
such as hypertension, diabetes and coronary heart disease(CHD) [3-
6]. Thus we investigated the association between vitamin D deficiency 
and individual MetS risk factors (hypertension (i.e. systolic/diastolic 
greater than 130/85), high non-fasting blood glucose, being overweight 
and having central obesity), along with other environmental and 
demographic risk factors in a pilot study of a healthy group of older 
East Asian immigrant women living in Sydney, Australia.

Materials and Methods
Participants (n=85) were recruited through Asian (Chinese and 

Korean) community organizations. These women were asked to donate 
a blood sample and measurements were taken for height, weight, waist 
and blood pressure. Blood pressure was measured from the right arm 
with a mercury sphygmomanometer under standardized conditions. 
The lower of two measurements at least one minute apart was recorded.

They were also helped to complete an interview administered 
questionnaire including information on demographics, physical 

activity, foods (a check list of foods high in calcium and vitamin D), 
vitamin supplement intake and acculturation and sunlight exposure 
on week days and weekends. The acculturation questions were adapted 
to the Australian environment from an American acculturation scale 
which has showed good reliability and validity in other East Asian 
immigrant studies [7]. The questionnaire was translated (and back 
translated) to and from either Cantonese or Korean and researchers 
of both nationalities were involved in the data collection phase of the 
study.

Serum samples collected were divided; one aliquot was tested 
for blood glucose in a standard pathology laboratory while the other 
was stored at –70°C and subsequently analysed for 25(OH)D by 
radioimmunoassay (DiaSorin). The mean intra-assay coefficient of 
variation (CV) in 25(OH)D analyses was 5% with a range of 0-25%. 
Blood samples were drawn in spring (n=67) and the end of summer 
(n=18). 
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For the purpose of this paper vitamin D deficiency has been defined 
as 25(OH)D <50 nmol/L. This level has recently been suggested as the 
cut-point for vitamin D deficiency as a public health recommendation 
[3]. The MetS risk factor cut-offs used in this pilot study were on an 
understudied ethnic immigrant group and thus the cut points used 
were derived from the existing data: the cut points were made on the 
value of the mean plus one SD as the cut point for a high value. These 
values were: Waist circumference > 80; BMI > 23; non-fasting glucose ≥ 
7.7 mmol/L and SBP ≥ 140 and DBP ≥ 85.

An initial descriptive analysis (based on mean differences and 
percentages) was performed by T and Chi-square tests. An analytical 
analysis of odds ratio (OR) with 95% confidence intervals (95% CI) 
was performed initially to assess environmental predictors of vitamin 
D deficiency (Table 1). Backwards elimination linear and logistic 
regression analysis was performed in order to assess predictors when 
mutually adjusted for each other.

Subsequently, in Table 2, the associations between individual Met 
S risk factors (hypertension, high non-fasting blood glucose, high 
body mass index (BMI) and high waist circumference) as independent 
variables and vitamin D deficiency, as the dependent variable, was 
assessed both without and with confounding adjustment for the 
predictors of vitamin D deficiency and the other MetS, as appropriate 
(again by backwards linear and logistic regression). In both tables OR 

(95% CI) were calculated by logistic regression in order to establish 
these associations [8]. The study was approved by the Ethics Committee 
of the University of Sydney (02-2008/10177), with written informed 
consent obtained from each participant.

Results and Discussion
In the total population of older East Asian women the mean 

25(OH)D was 56 ± 22 nmol/L; 40% of these women were vitamin 
D deficient. Ninety-eight percent of the population had at least one 
metabolic-syndrome risk factor, 85% had two, 55% had three and 8% 
had four. Having four MetS risk factors was associated with a three fold 
risk of vitamin D deficiency (OR=3.1, 95% CI: 0.5-18.3). The sample 
size of this group limits any further conclusions as these risks are non- 
significant. Factors associated with vitamin D deficiency were: spring 
season, not taking vitamin D, calcium or multivitamin supplements, 
having low amounts of sun exposure on weekends and having no 
acculturation to an Australian lifestyle (Table 1).

When these factors were entered together in a multivariate logistic 
backwards regression model those: who had no intake of calcium or 
vitamin D supplements, less sun exposure on the weekends, and were 
not acculturated to an Australian lifestyle were at seven, six, four and 
three fold risk of having serum 25(OH)D level <50 nmol/L compared to 

25(OHD) nmol/L n=85 Risk of vitamin D deficiency
<50 nmol/L n (%) ≥50 nmol/L n 

(%)
Mean (SD) p value OR1(95%CI) p value OR2(95%CI) p value

Demographic
Season
After summer 4(22) 14(78) 67(16)* 1.0
Before summer 29(43) 38(57) 54(24) 0.01 2.7(0.8-9) 0.11
Level of education
<Secondary 20(36) 36(64) 55(23) 1.0
≥Secondary 13(45) 16(55) 60(22) 0.35 1.5(0.6-4) 0.41
Acculturation
Some 11(27) 30(73) 61(23) 1.0 1.0
None 22(50)* 22(50) 52(24) 0.10 2.7(1.1-7)* 0.03 2.6(0.9-8) 0.09
Sun exposure in weekends 
(minutes)
≥120 19(34) 37(66) 59(23) 1.0 1.0
<120 13(46) 15(54) 52(20) 0.14 1.7(0.7-4.3) 0.27 3.6(1.0-13)* 0.05

Missing=1
Foods + Supplements
Vitamin D & Calcium containing 
foods (serves/week)
≥5 11(39) 17(61) 57(23) 1.0
<5 22(39) 35(61) 56(23) 0.94 1.0(0.4-2.4) 0.95
Vitamin D supplementation
Some 4(18) 18(82) 63(20) 1.0 1.0
None 29(46)* 34(54) 54(23) 0.08 3.8(1.2-13)* 0.03 6.3(1.2-32)* 0.03
Calcium supplementation
Some 4(13) 26(87) 66(17) 1.0 1.0
None 29(53)* 27(47) 51(24) 0.004 7.3(2.2-24)* 0.001 7.2(1.8-29)* 0.01

Multivitamin supplementation
Some 9(26) 25(74) 63(21) 1.0
None 24(47)* 27(53) 52(23) 0.02 2.5(0.9-6.3) 0.06

1 Crude Odds ratio (OR) and 95% confidence intervals: i.e., with no adjustment for confounding
2 Mutually adjusted ORs (backwards regression model)
* p≤0.05
Abbreviation: 25(OH)D: 25-hydroxyvitamin D

Table 1: Factors associated with vitamin D deficiency (< 50 nmol/L 25(OH)D) in East Asian immigrant women (≥60 years) living in Sydney, Australia.
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≥50 nmol/L (OR=7.2, 95% CI: 1.8-29; OR=6.3, 95% CI: 1.2-32; OR=3.6, 
95% CI: 1.0-13; OR=2.6, 95% CI: 0.9-8); respectively (Table 1).

When the association between vitamin D deficiency and the 
individual MetS risk factors was investigated and adjusted for 
confounding factors (Table 2): having a high non-fasting blood glucose 
was the only factor that was significantly associated with deficient 
25(OH)D blood levels (OR=7.6, 95% CI=1.0-53). Vitamin D deficiency 
was not significantly associated with hypertension risk or risk of obesity 
(either by waist or BMI measurement) in these data.

When these MetS variables were entered as continuous variables 
against continuous 25(OH)D blood levels, similar results to the previous 
logistic analyses were found (glucose ß=-0.335, p=0.01; BMI ß=0.001, 
p=0.92; waist ß=-0.075, p=0.41; hypertension ß=0.243, p=0.08) (Table 
2).

The finding of the association between low vitamin D status and 
a high non-fasting blood glucose in this study is relevant to Asian 
populations who are known to be at greater risk of diabetes with 
increased BMI than any other ethnic group. In a US study it was found 
that for each five kilograms weight gain, the risk of diabetes in Asians was 
2.36 (1.8-3.04) compared to 1.96 (1.93-2.0) in Caucasian populations 
[9]. In addition high insulin levels have been found to be associated 
with increased visceral adiposity in non diabetic Asian populations 
in the US and to dyslipidemia and diabetes risk in Canadian Asians 
[10]. Genetic loci have been isolated that indicate that South East Asian 
populations are at more risk of diabetes than other races [11].

Animal studies have suggested that vitamin D can have a direct 

(via activation of the vitamin D receptor on pancreatic β cells and 
insulin sensitive organs) and/or indirect (via regulation of calcium 
homeostasis) affect on increasing insulin secretion and sensitivities 
[12,13]. The epidemiological evidence from cross sectional, case-
control and cohort studies has shown that lower serum D 25(OH)D 
levels are associated with obesity, the metabolic syndrome, impaired 
glucose tolerance and diabetes [14]. Recently, other cohort studies 
have shown that baseline vitamin D deficiency is associated with 
incident cardiovascular disease events and mortality over follow-up, a 
relationship that may be mediated, in part, through incident diabetes 
[4,5,15]. Thus it is important that these suggestive pilot results (i.e. 
vitamin D deficiency being associated with high blood glucose) be 
followed up in larger observational or intervention studies with a 
complete array of well measured MetS risk factors.

The findings of a relationship between vitamin D and calcium 
supplements use and 25(OH)D levels in this study is similar to all 
other studies where vitamin D supplement intake has been recorded 
[1-6]. The finding that minutes of sun exposure on weekends (not on 
weekdays or in winter) were predictive of higher vitamin D status in 
these data are interesting as this may be a good measure of sun exposure 
in these women. Acculturation is a phenomenon that can occur when 
individuals of distinct and different cultures come into continuous first 
hand contact with a host culture, and subsequently experience a change 
in their original cultural pattern [7]. The acculturation questions which 
were associated with higher vitamin D status when answered in the 
affirmative were

•	 Do you celebrate Australian holidays?

High glucose
≥7.7 nmol/L
<7.7 ≥7.7 Linear regression Logistic regression

25(OH)D nmol/L n (%) n(%) β1

(p value)
β2

(p value)
OR1(95%CI) OR2(95%CI)

≥50 48(92) 4(8) -0.230* -0.335* 1.0 1.0

<50 23(70) 10(30)* (0.03) (0.01) 5.2(1.8-18) 7.6(1-53)
Overweight BMI>23 kg/m2

<23 ≥23 Linear regression Logistic regression
25(OH)D nmol/L β1

(p value)
β2

(p value)
OR1(95%CI) OR2(95%CI)

≥50 17(34) 33(66) -0.035
(0.11)

0.001
(0.92)

1.0 1.0
<50 7(22) 25(78) 1.8(0.7-5) 1.5(0.2-9.5)

High waist
>80 cm
<80 ≥80 Linear regression Logistic regression

25(OH)D nmol/L β1

(p value)
β2

(p value)
OR1(95%CI) OR2(95%CI)

≥50 5(11) 42(89) -0.208
(0.07)

-0.075
(0.41)

1.0 1.0
≥50 3(9) 29(91) 1.2(0.3-5) 1.4(0.1-13)

Hypertension
SBP≥140/DBP≥85 mmHg
Yes No Linear regression Logistic regression Logistic regression

25(OH)D nmol/L β1

(p value)
β2

(p value)
OR1(95%CI) OR2(95%CI)

≥50 12(25) 35(75) 0.130

(0.25)

0.243

(0.08)

1.0 1.0

≥50 14(44) 18(56) 0.4(0.2-1) 0.2(0.1-1)
1Crude linear regression Beta (β) and logistic regression Odds ratio (OR) and 95% CI 95% confidence interval with no adjustment for confounding
2Adjusted for confounding by acculturation, vitamin D supplements, calcium supplements, amount of sun exposure on the weekend and other MetS factors where ap-
propriate 
* p≤0.05
Abbreviations: 25(OH)D: 25-hydroxyvitamin D; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure

Table 2: Association between vitamin D deficiency and cardio-vascular risk in an older population of East Asian Australian female immigrants.
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• Do you eat Australian food at restaurants?

• Do you have Australian friends?

• Do you regard yourself as Australian?

Australian culture is characterized by spending time outdoors 
and having ‘fun in the sun’. A ‘healthy’ tanned appearance is typically 
coveted and valued by a Western culture, such as that of Australia [16]. 
It has generally been accepted that Asian cultures prize lighter skin 
tones in women [17]. A study in Hong Kong concluded that attitudes 
and behavior towards sunlight were largely negative and that many of 
the study participants took measures to avoid sunlight [18]. Two US 
studies have reported that the rate of deliberate sunbathing among more 
westernised Asian Americans after acculturation seemed to approach 
that of White Americans [19-20].

It should be noted that our study is limited by its small sample 
size, only looking at females and by not having a direct measure of sun 
exposure or indoor or outdoor exercise patterns, although our measures 
are adjusted for season of blood draw and have a reported recall of sun 
exposure on weekends during spring and summer. We also did not 
have fasting blood glucose measurements. However, the strength of 
the present investigation is that the measure of vitamin D status and 
blood glucose were determined from blood analysis of 25(OH)D – a 
rare procedure with immigrant Asian groups as little research has been 
initiated in these populations and these women are often reluctant to 
give blood. This is why we could not obtain fasting blood glucose as 
the community meetings where the study was carried out were held at 
their normal times, often not in the morning. Despite the lack of fasting 
blood glucose we believe this pilot study to be important because of 
the known avoidance of the sun in these populations and also their 
propensity towards diabetes at a relatively low BMI [21]. 

Thus, public health intervention efforts should be focused on 
reducing the risk of diabetes in East Asian immigrant groups. As they 
may also be at risk of vitamin D deficiency [22], encouraging increased 
safe sun exposure in summer and increased vitamin D intake either by 
food or supplements is likely to improve vitamin D status, especially in 
those less acculturated to Australian customs. In this pilot study of older 
East Asian Australian immigrant women, we found a 50% prevalence 
of vitamin D deficiency. The only MetS risk factor which was associated 
with this deficiency was having high non-fasting blood glucose.
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