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Abstract
Introduction: Though inconsistent, a number of studies have shown an association between vitamin D (25(OH)D) status,
parathyroid hormone (PTH) and the metabolic syndrome (Met S). These have largely been carried out in Caucasians or black
subjects living in high income countries. There no data on the relationship of 25(OH)D and PTH status with Met S in
populations resident in Africa. The aims of this study were to evaluate if there was an association of 25(OH)D or PTH with
Met S in non-Caucasian populations in South Africa, and whether these molecules explained ethnic differences in the
prevalence of Met S and its individual components.
Methods: We measured anthropometry, serum 25(OH)D and PTH levels and the components of Met S, plus related
metabolic variables, in 374 African and 350 Asian Indian healthy adults from the greater Johannesburg metropolitan area.
Results: Met S was diagnosed in 29% of the African and 46% of the Asian Indian subjects (p,0.0001). Subjects with Met S
had higher PTH than those without Met S, (p,0.0001), whilst 25(OH)D levels were not significantly different (p = 0.50). In
multivariate analysis, 25(OH)D was not associated with any components of the Met S however PTH was shown to be
positively associated with systolic (p = 0.018) and diastolic (p = 0.005) blood pressures and waist circumference (p,0.0001)
and negatively associated with HOMA (p = 0.0008) levels. Logistic regression analysis showed that Asian Indian ethnicity (OR
2.24; 95% CIs 1.57, 3.18; p,0.0001) and raised PTH (OR 2.48; 95% CIs 1.01, 6.08; p = 0.04; adjusted for 25(OH)D) produced an
increased risk of Met S but 25(OH)D did not (OR 1.25; 95% CI 0.67, 2.24; p = 0.48).
Conclusions: Plasma PTH but not 25(OH)D is an independent predictor of the Met S in African and Asian Indians in South
Africa.
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risk factors that contribute to this disease burden. Some
populations are more susceptible to CVD because of specific
factors – e.g. familial hypercholesterolaemia in the South African
Afrikaner population [4] or insulin resistance in the Indian
population [5]. The prevalence of cardiovascular and diabetes risk
factors is higher in Asian Indian than African population groups in
South Africa despite greater obesity in the latter population [6].
It has been suggested from several studies in various parts of the
world that vitamin D deficiency or insufficiency may increase risk
of the Met S and its sequelae, type 2 diabetes and CVD [7,8].
Vitamin D is a hormone precursor which before exerting its
metabolic effects undergoes two successive hydroxylation steps.
The first converts vitamin D to 25 hydroxyvitamin D (25(OH)D)
and the second converts 25(OH)D to the main active hormonal
form 1,25 dihydroxy vitamin D (1,25-(OH) 2D). Hypovitaminosis
D appears to exert its effects via reductions in intracellular calcium

Introduction
The incidence of obesity is on the rise in many low and middle
income countries (LMICs) [1] and South Africa is no exception,
with a national survey showing that 60% of South African women
were either overweight or obese [2]. Obesity is associated with an
increased risk of cardiovascular disease (CVD) and additional risk
factors include hyperglycaemia or type 2 diabetes, hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-C), and
hypertension. These CVD risk factors are commonly found
together in subjects with abdominal obesity and this grouping
together of CVD risk factors has been termed the metabolic
syndrome (Met S) [3].
The burden of disease related to CVD is expected to increase
substantially in LMIC, such as South Africa, over the next decades
and it is important to understand traditional and non-traditional
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variation (CV) for PTH ranges from 5.2% at 4.3 pmol/L to 3.4%
at 23.7 pmol/L.
Plasma 25(OH)D was measured using the Clin Rep high
performance liquid chromatography (HPLC) kit (Recipe,
Munchen, Germany). In this analytical method, 25(OH)D was
determined from plasma using HPLC with a photodiode array
(PDA) detector. Prior to HPLC analysis a short liquid-liquid
extraction was performed. Thereafter the samples were injected
onto the HPLC system and the analytes were separated on the
appropriate analytical column. The separated 25(OH)D2 and 25
(OH)D3 were detected at a wavelength of 264 nm. The
chromatograms were integrated using peak height. Total vitamin
D (25(OH)D) was taken as the sum of 25(OH)D2 and 25(OH)D3.
The intra assay CV for 25(OH)D ranged from 0.9–4.9% and the
inter-assay CV ranged from 3.0– 4.9%.The limit of detection was
2.5 nmol/l for 25(OH)D3 and 7.5 nmol/L for 25(OH)D2. Our
laboratory participates in the vitamin D external quality assurance
scheme (DEQAS).

and through the effects of 1,25(OH)2D on the regulation of various
target genes e.g. by lack of suppression of the renin gene leading to
hypertension [9], and reduced insulin secretion through reduction
in islet b –cell function [8].
Elevated parathyroid hormone (PTH) levels have also emerged
as a potential risk factor for Met S [10,11]. PTH has been shown
to be inversely associated with insulin sensitivity [12] and directly
with blood pressure [13,14]. Both 25(OH)D and PTH are
calciotrophic hormones and their metabolism is closely related
such that a decrease in serum 25(OH)D leads to a rise in PTH
[15]. Currently, it is unclear whether the association noted
between hypovitaminosis D and components of the Met S is
mediated by 25(OH)D or PTH or by both.
There are no studies from Africa that have investigated any
associations between 25(OH)D, PTH and components of the Met
S. Therefore, the aims of this study were to examine the
association of 25(OH)D and PTH with Met S in African and
Asian Indian population groups in South Africa and to determine
whether ethnic differences in 25 (OH)D or PTH levels contribute
to differences in the prevalence of Met S, its component parts and
related metabolic variables, within these populations. The
hypotheses to be tested were that 25(OH)D is lower and PTH is
higher in Met S patients in both population groups and that ethnic
differences in the prevalence of Met S and its component parts are
related to ethnic differences in the blood level of 25(OH)D.

Diagnosis of Metabolic Syndrome, and Measurement of
Insulin Resistance and Glomerular Filtration Rate
Met S was determined using the harmonized definition [3,17].
Thus, subjects had to have at least three of the following criteria:
elevated waist circumference ($94 cm for African males, $80 cm
for African or Asian Indian females, $90 cm for Asian Indian
males); elevated serum triglycerides ($1.7 mmol/L); reduced
serum HDL-C (,1.0 mmol/L for males and 1.3 mmol/L for
females); elevated blood pressure (systolic blood pressure
$130 mmHg and/or diastolic pressure $85 mmHg) and elevated
fasting blood glucose ($5.6 mmol/L). Insulin resistance was
measured using the homeostasis model assessment (HOMA)
technique [18] and glomerular filtration rate (GFR) was calculated
by a modified MDRD formula [19].

Research Design and Methods
Subjects
This was a cross sectional study of African and Asian Indians
from the greater Johannesburg-Soweto metropolitan area in South
Africa. Participants were recruited via the Birth to Twenty study,
which is a longitudinal analysis of more than 3200 children and
their caregivers which began in 1990 and is representative of longstanding urban inhabitants [16]. Caregivers of the cohort were
contacted and asked if they had any family members or
neighbours that would be interested in participating. Exclusion
criteria consisted of pregnancy, breast feeding, renal failure, age
below 18 or above 70, Caucasian or persons of mixed ancestry. A
total of 730 participants were recruited, and were stratified by
ethnicity, age and sex. Ethnicity was self-reported as African or
Asian Indian. Ethics clearance was obtained from the Human
Ethics Committee of the University of the Witwatersrand and
written informed consent was obtained from each subject.

Medical History and Anthropometric Data Collection
A standardized questionnaire was used to collect information on
age, sex, visit date, smoking (current, former, never), self-reported
diabetes, hypertension, dyslipidaemia, coronary heart disease and
medication use. Body weight and height were measured with
subjects in light clothing and without shoes using an electronic
scale and wall mounted stadiometer (Holtain, UK). The waist
circumference was measured with a soft measuring tape to the
nearest 0.5 cm at the level of the smallest girth above the umbilicus
in the standing position. Blood pressure was measured thrice in the
right arm, with the subject seated and after 5 minutes rest using an
automated sphygmomanometer. The final reading was used.

Biochemistry
After an overnight fast of at least 8 hours, peripheral venous
blood was collected in EDTA tubes for 25(OH)D, PTH and
glycated haemoglobin analysis (HbA1c), in fluoride tubes for
glucose and in plain tubes for the rest of the analytes. Tubes were
kept on ice and centrifuged after 30 minutes at 3500 g for 10
minutes. Glucose, HbA1c and lipid profile were assayed on the
day of collection and aliquots for 25(OH)D, PTH, and insulin
were stored at 280uC until analysis. Glucose, total cholesterol,
HDL-C and triglycerides were measured enzymatically on an
automated analyser (Siemens ADVIA 1800, Tarrytown, USA).
The HbA1c was measured on the ADVIA 1800, which was
standardized according to the Diabetes Control and Complications Trial National Glycohemoglobin Standardization Program
[17]. Creatinine was measured by a modified Jaffe test and fasting
insulin and PTH were measured in batches by a chemiluminescence assay on the ADVIA Centaur (Siemens Diagnostics,
Tarrytown, USA). The intra assay intra assay coefficient of
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Statistical Methods
Stata 12 (College Station, TX, USA) was used for all analyses.
The distribution of variables was assessed by the Shapiro-Wilk’s W
test and by examination of the normal probability plot.
Logarithmic transformations were applied for all non-normally
distributed variables. In descriptive analysis, normally distributed,
continuous variables were reported as means 6 SD whilst nonnormally distributed data were expressed as median (interquartile
range). Categorical data were reported as N (percent).
Pearson’s correlation was used to assess the association of
25(OH)D and PTH with the selected variables. Multivariate
regression analyses were conducted to assess the association of the
Met S components with 25(OH)D and PTH after adjusting for
potential confounders i.e. age, gender and body mass index (BMI).
Ethnicity was also included as an independent variable to
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Table 1. Characteristics of subjects according to ethnicity and gender.

Asian
Indian

p-values

African
Males

African
Females

p-values

Asian Indian
Males

Asian Indian
Females

Variable

African

p-values

N

373

344

–

181

192

–

161

183

–

Age (years)

41.6613.1

43.5612.9

0.06

42.0613.2

42.0613.1

0.9

42.0613.2

46.0612.7

0.5

Glucose (mmol/L)

4.9 (4.6, 5.0)

5.21 (4.80,
5.70)

,0.0001

4.90 (4.60,
5.40)

4.90 (4.60, 5.30)

0.5

5.20 (4.91, 5.80)

5.10 (4.80, 5.63)

0.03

Triglycerides
(mmol/L)

0.85 (0.62, 1.27) 1.26 (0.83,
1.85)

,0.0001

0.93 (0.67,
1.42)

0.82 (0.57, 1.17)

0.03

1.37 (1.00, 2.08)

1.10 (0.77, 1.60)

,0.0001

HDL-C (mmol/L)

1.28 (1.08, 1.53) 1.26 (1.07,
1.53)

0.81

1.20 (1.01,
1.43)

1.33 (1.17, 1.59)

,0.0001

1.12 (1.00, 1.26)

1.45 (1.24, 1.73)

,0.0001

Systolic blood pressure 131 (120, 146) 123 (113, 134) ,0.0001
(mmHg)

133 (121, 148) 129 (119, 143)

0.16

125 (118, 135)

118 (108, 132)

0.0003

Diastolic blood pressure83 (76, 93)
(mmHg)

82.0 (74.0,
93.0)

83.0 (77.3, 93.2)

0.40

82.0 (75.3, 89.1)

78.2 (72.0, 85.2)

0.006

85.0 (75.0,
99.0)

95.0 (82.0, 105)

,0.0001

98.0 (90.5, 108)

93.0 (82.0, 103)

0.0006

0.9

88.7628.7

87.4622.5

0.92

84.2617.4

92.9620.4

,0.0001
0.63

Waist (cm)

80.0 (73.1,
87.0)

,0.0001

89.0 (78.0, 102) 95.0 (85.0, 106)0.0001

GFR (ml/min/1.73 m2) 88.0622.4

88.1619.7

Calcium (mmol/L)

2.2760.09

2.2660.11

0.21

2.2860.08

2.2760.10

0.32

2.2660.1

2.2660.1

Cholesterol (mmol/L)

4.2261.04

4.9761.10

,0.0001

3.9360.99

4.24 1.07

0.002

4.7261.17

4.9761.04

0.16

BMI (kg/m2)

26.2 (21.7, 31.7) 26.7 (23.3,
31.0)

0.38

23.3 (20.2,
27.3)

29.9 (24.3, 35.3)

,0.0001

26.2 (23.7, 30.4)

27.1 (23.0, 32.8)

0.36

HOMA

1.83 (1.1, 2.9)

3.23 (2.13,
5.01)

,0.0001

1.43 (0.80,
2.69)

2.16 (1.31, 2.92)

0.0001

3.45 (2.15, 5.50)

3.15 (2.05, 4.60)

0.12

PTH (pmol/L)

4.70 (3.3, 6.5)

4.85 (3.61,
6.92)

0.09

4.30 (3.00,
5.60)

5.30 (3.80, 5.90)

0.0002

4.60 (3.60, 6.40)

5.00 (3.70, 7.20)

0.09

25 (OH) D (nmol/L)

70.9 (51.5, 95.1) 41.8 (28.6,
56.8)

,0.0001

72.7 (51.1,
94.1)

58.3 (42.9, 85.6)

0.0008

46.8 (33.6, 62.7)

35.7 (23.0, 54.5)

0.0002

Data given as mean 6 SD for normally distributed data and median (IQR) for non-normally distributed data.
doi:10.1371/journal.pone.0061282.t001

total cholesterol (p,0.0001 for each of the 3 comparisons)
compared to the African population. They also had a greater
waist circumference (p = 0.0001) and were more insulin resistant
(p,0.0001). African subjects had higher 25(OH)D levels and
systolic and diastolic blood pressures (p,0.0001 for all three
comparisons). The prevalence of 25(OH)D deficiency (defined as
25(OH)D ,30 nmol/L [20]) was 3.0% in the African and 15.0%
in the Asian Indian population (p,0.0001). The month of the year
during which blood samples were drawn for 25(OH)D measurement may be a confounding variable since 25(OH)D levels are
known to vary across the seasons [21]. However, ethnic differences
in plasma 25(OH)D levels were still observed irrespective of the
season in which the blood sample was obtained. Vitamin D levels
were highest for both ethnic groups during the autumn months
(data not shown).
In both ethnic groups females had lower 25(OH)D levels
compared to their male counterparts (p = 0.0008 in Africans and
p = 0.0002 in Asian Indians) and this was also observed for
triglyceride levels (p = 0.03 in Africans and p,0.0001 in Asian
Indians) (Table 1). The PTH levels were higher in African females
than males (p = 0.0002), and although the same pattern was
observed in Asian Indians, the gender effect was not significant
(p = 0.09). No gender differences were observed for age or calcium
levels in either ethnic group. In African females, cholesterol
(p = 0.002), BMI (p,0.0001) and HOMA (p = 0.0001) were higher
than in males, but no gender effect for these variables was seen in
the Indian population. Asian Indian females had higher GFR than
Asian Indian males (p,0.0001) but no gender difference was
observed in the African cohort. In Asian Indian males, glucose

determine if ethnic differences in Met S components were
mediated by 25(OH)D or PTH.
In order to determine if the higher risk of Met S in the Indian
population was mediated by 25(OH)D or PTH, logistic regression
analysis was performed with the stepwise addition of 25(OH)D and
PTH to a model that also included ethnicity, age, gender and BMI
as independent variables. The attenuation of the p-value (from
significant to non-significant) for the ethnicity odds ratio was used
as the indicator of any effect.
PTH was found to increase the risk of Met S and therefore we
analysed which of the individual components of the Met S were
influenced by PTH by separately adding each individual
component to a logistic regression model for MetS risk which
included PTH, age, gender, ethnicity, BMI and 25(OH)D as
independent variables. As described above the attenuation of the
p-value, in this case for the PTH odds ratio, was used as the effect
indicator.
In all regression models Africans were coded as 0 and Asian
Indians as 1whilst females were coded as 0 and males as 1.

Results
Six participants were excluded from the analyses due to
incomplete data collection and seven participants with serum
calcium above the normal reference range (2.15–2.50 mmol/L)
were also excluded. Characteristics of the participants (n = 717) are
shown in Table 1. Both ethnic groups had similar (p.0.05) age,
BMI, HDL-C, GFR, calcium and PTH levels. Asian Indian
subjects had significantly higher fasting glucose, triglycerides and
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Table 2. Prevalence of individual components of the Met S in each ethnic group.

Variable

Africans with Met S (N = 109)

Asian Indians with Met S (N = 161)

p-values

Raised glucose

48 (44.0)

97 (60.3)

0.009

Raised triglycerides

40 (36.7)

88 (54.7)

0.004

Reduced HDL-C

74 (67.9)

91 (61.5)

0.28

Raised systolic blood pressure

96 (88.9)

121 (75.2)

0.005

Raised diastolic blood pressure

83 (76.9)

110 (68.3)

0.13

Raised waist circumference

103 (94.5)

156 (96.9)

0.33

Data given as N (%).
doi:10.1371/journal.pone.0061282.t002

(p = 0.03) and systolic (p = 0.0003) and diastolic (p = 0.006) blood
pressure were higher than in females but no differences were noted
between sexes in the African subjects. Within both ethnic groups,
HDL-C levels were higher in females than males (p,0.0001 for
both). Waist circumference was significantly higher in African
females than males (p,0.0001), but in the Asian Indian subjects
this trend was reversed (p = 0.0006).
Met S was diagnosed in 38% of the participants, with
a prevalence of 29% in the African and 46% in the Asian Indian
group (p,0.0001). The data in Table 2 show that within each
ethnic group the most prevalent Met S component was elevated
waist circumference (94.5% in Africans and 96.9% in Asian
Indians; p = 0.33) and elevated triglyceride was the least common
(36.7% in Africans and 54.7% in Asian Indians; p = 0.004). The
occurrence of raised fasting glucose levels was more common in
Asian Indian than African Met S patients (p = 0.009), whilst raised
systolic blood pressure was more common in African than Asian
Indian Met S subjects (p = 0.005). Low HDL-C (p = 0.28) and
raised diastolic blood pressure (p = 0.13) were not significantly
different in frequency across the two ethnic groups.
In both ethnic groups, subjects with Met S had higher ages,
HbA1c, HOMA, PTH, cholesterol and BMI measures than those
without the Met S, whilst GFR was lower in those with Met S
(p,0.05 for all comparisons) (see Table 3). Calcium (p = 0.80) and
25(OH)D levels (p = 0.50) were not significantly different across
these 2 groups.
In a univariate analysis there was a significant negative
correlation between PTH and 25(OH) D (p,0.0001, see

Table 4. Pearson’s correlations for PTH and 25(OH)D for all
subjects.

Variable

Log PTH

Log 25(OH)D

Age

0.26 (,0.0001)

20.02(0.52)

Log BMI

0.22 (0.0001)

20.03 (0.38)

GFR

20.07 (0.05)

20.11 (0.003)

Log Glucose

0.09 (0.02)

20.06 (0.09)

Cholesterol

0.11 (0.005)

20.17 (,0.0001)

Log Triglyceride

0.14 (,0.0001)

20.08 (0.02)

HDL-C

0.009 (0.81)

20.06 (0.08)

Log Systolic blood
pressure

0.15 (0.0001)

0.12 (0.001)

Log Diastolic blood
pressure

0.19 (0.0001)

0.08 (0.02)

Log HOMA

0.09 (0.02)

20.02 (0.67)

Log PTH

–

20.19 (,0.0001)

Log 25(OH)D

20.24 (,0.0001)

–

Log Waist

0.25 (,0.0001)

0.0002 (0.99)

Data given as r (p-value).
doi:10.1371/journal.pone.0061282.t004

Table 4) and a significant trend for PTH to be higher in Indian

Table 3. Comparison of subjects with and without Met S within each ethnic group.

Africans without Met S

Africans with Met S

p-values

Asian Indians
without Met S

Asian Indians with
Met S

p-values

N

260

109

–

186

158

–

Age (years)

39.1612.9

47.7611.3

,0.0001

38.4612.7

49.4610.5

,0.0001

HbA1c (%)

5.31 (5.06, 5.32)

5.64 (5.35, 6.36)

,0.0001

5.33 (5.04, 5.56)

5.76 (5.41, 6.13)

,0.0001

HOMA

1.44 (0.87, 2.35)

2.85 (2.00, 4.00)

,0.0001

2.43 (1.72, 3.58)

4.56 (2.99, 6.77)

,0.0001

PTH (pmol/L)

4.50 (3.25, 5.95)

5.41 (3.92, 7.60)

0.0002

4.40 (3.50, 6.20)

5.40 (4.13, 7.62)

0.0001

72.3 (52.6, 95.4)

67.4 (49.9, 94.8)

0.45

48.3 (34.8, 66.0)

50.5 (34.7, 70.1)

0.50

25(OH)D (nmol/L)
GFR ml/min/1.73 m

2

91.3623.0

84.2619.3

,0.0001

93.1620.2

87.2619.1

0.003

Calcium (mmol/L)

2.2760.09

2.2860.09

0.30

2.2661.11

2.2760.10

0.80

Cholesterol (mmol/L)

4.0260.95

4.4861.05

0.001

4.8661.03

5.1161.17

0.04

BMI (kg/m2)

24.0 (20.0, 29.0)

30.9 (27.4, 35.1)

,0.0001

24.9 (21.1, 29.6)

28.8 (25.3, 32.6)

,0.0001

Data given as mean 6SD for normally distributed data and median (IQR) for non-normally distributed data.
doi:10.1371/journal.pone.0061282.t003
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Table 5. Multiple regression models for determining the effects of ethnicity, PTH and 25(OH)D on components of the metabolic
syndrome.

Dependent variable

Model numbers and independent variables
MODEL 1

MODEL 2

MODEL 3

Ethnicity

Ethnicity

25(OH)D (log)

Ethnicity

Log Glucose

0.02 (0.013)

0.02 (0.015)

20.003 (0.47)

0.02 (0.015)

20.003 (0.44)

20.01 (0.43)

Log Triglycerides

0.13 (,0.0001)

0.13 (,0.0001)

20.001 (0.89)

0.13 (,0.0001)

0.0007 (0.94)

0.04 (0.32)

Log HDL-C

0.0002 (0.99)

20.0007 (0.93)

20.007 (0.11)

20.0009 (0.93)

20.006 (0.175)

20.005 (0.78)

Log Systolic blood pressure

20.04 (,0.0001) 20.04 (,0.0001)

0.002 (0.34)

20.04 (,0.0001)

0.002 (0.28)

0.02 (0.018)

Log Diastolic blood pressure

20.02 (,0.0001) 20.02 (,0.0001)

0.003 (0.14)

20.02 (,0.0001)

0.004 (0.11)

0.03 (0.005)

Log Waist

0.02 (0.002)

0.02 (0.001)

0.003 (0.37)

0.02 (0.005)

0.004 (0.19)

0.09 (,0.0001)

Log HOMA

0.23 (,0.0001)

0.23 (,0.0001)

0.0009 (0.93)

0.23 (,0.0001)

20.0003 (0.97)

20.13 (0.008)

25(OH)D (log)

PTH (log)

Data given as beta (p-value); all models adjusted for age, gender and BMI. Ethnicity, 25(OH) D and PTH were added in a forward, stepwise manner.
doi:10.1371/journal.pone.0061282.t005

Logistic regression was used to determine whether the higher
prevalence of Met S in the Indian population was related to PTH
or 25(OH)D levels. The data in Table 6 shows that after adjusting
for age, gender and BMI Asian Indian ethnicity carries a 2.24
(95% CIs 1.57, 3.18; p,0.0001) increased risk of Met S compared
to African subjects (model 1). Additional adjustment for 25(OH)D
had no effect on the p-value (or odds ratio (OR)) for ethnicity and
had no significant effect itself (model 2). The final addition of PTH
to the logistic regression model (model 3) had no effect on the pvalue or OR for ethnicity or 25(OH)D but did have a significant
effect itself (OR = 2.48; 95% CIs 1.01, 6.08; p = 0.04).
In order to determine which individual components of the Met
S are influenced by PTH to increase the risk of Met S, logistic
regression analysis was performed. The results in Table 7 show
that the increased risk for Met S conferred by PTH arises
principally through its effect on systolic blood pressure and its
positive association with waist circumference. This is demonstrated
by the fact that adding these variables individually to the logistic
regression model attenuates the p-value of the OR for PTH (see
Table 7, models 6 and 7). Adding both these variables to the
regression model at the same time attenuates the p-value for the
PTH OR to a greater extent than adding each variable on its own
(see Table 7, model 8). This suggests that the effects of each
variable are additive and independent. Addition of the other
metabolic syndrome components to the logistic regression model
does not attenuate the p-value/OR for PTH and in some cases
increases it. The exception is glucose, which does have a weak
effect on the p-value for PTH, increasing it from 0.04 to 0.09 (see
Table 7, model 4).

subjects (p = 0.04) and females (p = 0.0002). We also observed
significant (p,0.05) positive associations of PTH with age, BMI,
glucose, HOMA, triglyceride, cholesterol, waist circumference and
systolic and diastolic blood pressures. The 25(OH)D levels were
correlated negatively with BMI, and GFR and correlated
positively with systolic and diastolic blood pressure (p,0.05 for
all associations). There were significant trends for 25(OH)D to be
higher in African and male subjects (p,0.001 for all comparisons).
Multivariate associations of 25(OH)D and PTH with components of the Met S are presented in table 5, with age, gender and
BMI included as independent variables in all models. Addition of
ethnicity to all the models demonstrated that Indian ethnicity was
a positive determinant of glucose, triglyceride and HOMA levels
but a negative determinant of diastolic and systolic blood pressure.
Addition of 25(OH)D to these models had minimal effect on the
beta values for ethnicity and in none of the models was 25(OH)D
shown to be a determinant of any of the components of the
metabolic syndrome, or HOMA. When PTH was added to each
of the models, neither the ethnicity or 25(OH)D beta values were
affected, however PTH was shown to be positively and significantly associated with systolic (p = 0.018) and diastolic (p = 0.005)
blood pressures and waist circumference (p,0.0001) and negatively associated with HOMA (p = 0.008) levels.

Table 6. Multivariate logistic regression analysis for
determining the effect of ethnicity, PTH and 25(OH)D on risk
of metabolic syndrome.

Discussion

Model
numbers

Independent
variables

Odds ratios

95% CIs

p-values

1

Ethnicity

2.24

1.57, 3.18

,0.0001

2

Ethnicity

2.29

1.60, 3.28

,0.0001

Log 25(OH)D

1.15

0.78, 1.70

0.47

Ethnicity

2.27

1.56, 3.30

,0.0001

Log 25(OH)D

1.25

0.67, 2.24

0.48

Log PTH

2.48

1.01, 6.08

0.04

3

In this study we investigated whether 25(OH)D or PTH is
associated with the Met S or its components. Our results show
a significant association of PTH, but not 25(OH)D, with the Met
S. Higher PTH levels were associated with increased systolic and
diastolic blood pressure and reduced insulin resistance as assessed
by the HOMA index and an increased odds ratio for the Met S.
Furthermore our results suggest that neither 25(OH)D nor PTH
contribute to ethnic differences in the prevalence of Met S
between African and Asian Indian subjects. There are no previous
studies from sub-Saharan Africa that have examined the relationship between 25(OH)D, PTH and the Met S. Our results also
showed lower levels of 25(OH)D in Asian Indians compared to

All models adjusted for age, gender and BMI, with metabolic syndrome as the
dependent variable. Ethnicity, 25(OH)D and PTH were added in a forward,
stepwise manner.
doi:10.1371/journal.pone.0061282.t006
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Table 7. Risk of metabolic syndrome due to PTH and the effects of adjusting for individual components of the metabolic
syndrome on PTH odds ratios in a logistic regression analysis.

Model number

Independent variables

Odds ratios

95% CIs

p-values

1

Log PTH

2.48

1.01, 6.08

0.04

2

Log PTH

2.91

1.08, 7.83

0.03

T riglyceride $1.7 mmol/L

11.9

7.19, 19.6

,0.0001

Log PTH

3.08

1.09, 8.76

0.03

HDL-C ,1.3 mmol/l (females) or ,1.0 mmol/L (males)

13.3

8.41, 21.0

,0.0001

Log PTH

2.28

0.87, 5.97

0.09

Glucose $5.6 mmol/L

9.58

5.90, 15.6

,0.0001

Log PTH

2.76

1.05, 7.24

0.04

Diastolic bp$85 mm/Hg

5.85

3.92, 8.73

,0.0001

Log PTH

1.76

0.66, 4.65

0.25

Systolic bp$130 mm/Hg

8.32

5.28, 13.1

,0.0001

Log PTH

3

4

5

6

7

8

2.03

0.82, 5.06

0.13

Waist $94 or $90 cm for African or Indian males or $80 cm for 9.69
females

4.55, 20.6

,0.0001

Log PTH

1.43

0.53, 3.85

0.48

Systolic bp$130 mm/Hg

8.46

5.32, 13.5

,0.0001

Waist $94 or $90 cm for African or Indian males or $80 cm for 10.3
females

4.66, 22.7

,0.0001

All models adjusted for age, gender, ethnicity, BMI and 25(OH)D with metabolic syndrome as dependent variable.
doi:10.1371/journal.pone.0061282.t007

A number of other studies have implicated PTH as being
associated with the Met S rather than 25(OH)D [10,11]. Several
lines of evidence support a role of PTH in increasing the risk of
CVD. Thus, it has been associated with increased cardiovascular
mortality in selected population groups [28,29,30] and with
increased coronary heart disease in a younger group [31]. This
increased risk may be mediated via its effects on blood pressure,
insulin resistance, hyperglycaemia and low HDL-C [26,27]. In
multivariate regression models we confirmed a positive relationship between PTH and blood pressure but could not verify any
relationship between PTH and blood glucose or lipid levels,
although significant associations were observed in univariate
analyses. The negative relationship that we observed between
PTH and the HOMA index was only observed after adjusting for
confounding variables within a multivariate regression analysis. In
a univariate analysis PTH correlated positively with HOMA.
Derangements in glucose metabolism in primary hyperparathyroidism are well described with increased PTH increasing glucose
intolerance [26,32,33,34]. A few studies have described a positive
relationship between PTH and insulin resistance similar to our
observation in univariate analyses. Some investigators have
postulated that this relationship may be secondary to hypercalcaemia as it is absent in normocalcaemic subjects [35,36]. Frost
et al. showed a significant negative association of PTH with insulin
resistance in young men [37]. The negative relationship we have
noted between PTH and HOMA in a multivariate analysis may be
due to a number of reasons: ethnic differences, the fact that our
subjects were all normocalcaemic or the adjustment for confounders. In addition to its possible effect on insulin sensitivity
clinical evidence also supports a role of PTH in increasing blood
pressure [13] and observational studies have linked elevated PTH
levels to an increased risk of hypertension, left ventricular
hypertrophy, and cardiovascular morbidity and mortality [30]. It
is thought that PTH mediates its effect by directly increasing the

Africans. Studies from India have also shown that this population
tends to have poor vitamin D status [22,23].
Our observations of a lack of association of 25(OH)D with Met
S are in line with those of Scragg et al. who observed no
association between 25(OH)D status and type 2 diabetes in nonHispanic black subjects but did observe a negative associations
between 25(OH)D and risk of diabetes in Mexican Americans and
non-Hispanic white populations [24]. Similarly, in a single study
from India, Majumdar et al. showed that although 25(OH)D
insufficiency was highly prevalent it was not associated with the
Met S or insulin resistance [25].
The results of studies on the association of 25(OH)D and PTH
with the Met S, components of the Met S or related disorders have
been inconsistent. In a population based cross sectional study of
US men and women over 20 years-of-age (NHANES III,1988–94)
the prevalence of Met S and its components fell across increasing
quartiles of 25(OH)D after adjustment for age, race, sex, income,
lifestyle factors, calcium and energy intake. This study also showed
that the odds ratio for Met S increased with increasing PTH in
older men only [26]. In a study carried out in an aging European
population, investigators showed that the risk for Met S decreased
across increasing quintiles of 25(OH)D but could show no
association of PTH with Met S [10]. Neither of these studies
adjusted for BMI. However, Reis et al. [27] showed a lack of
association between serum 25(OH)D and Met S in an adult
Caucasian population. Our population, particularly the African
subset, was not particularly vitamin D deficient overall (median
25(OH)D in Africans was 71 nmol/l) and 25(OH) D may be more
strongly associated with Met S in a deficient population. However,
this cannot explain the lack of association of 25(OH)D with Met S
in the Asian Indian group, as serum 25(OH)D levels were
significantly lower in this population compared to the African
cohort.
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secretion of aldosterone from the adrenal glands and indirectly by
activating the renin-angiotensin system [38].
Logistic regression models demonstrated that the increased risk
of Met S in subjects with higher PTH levels is largely due to the
positive and independent relationships of systolic blood pressure
and waist circumference with PTH. Previous studies have also
shown a positive association of PTH with obesity [30,39].
Furthermore body weight changes correlate positively with
changes in serum PTH levels [40,41] suggesting that obesity
may be causative for hyperparathyroidism. There are no studies in
the literature to show that PTH is secreted by adipocytes but there
are studies that demonstrate that PTH does modify adipocyte
function. These effects include the inhibition of adipocyte
lipoprotein lipase activity [42] and the attenuation of insulin
signalling [43]. However, both these actions of PTH would limit
rather than augment triglyceride deposition within adipose tissue.
It is possible that increased adiposity may lead to greater
production of PTH by the parathyroid, and it is interesting to
note that studies have shown a positive correlation between serum
leptin and PTH concentrations [44,45].
Our data show that Asian Indian ethnicity is associated with
increased risk for Met S and most of its components. As a group,
Asian Indians tend to be insulin resistant and at high risk for
diabetes and premature coronary heart disease when compared to
other ethnic groups [46] and this is partly explained by high
visceral fat content [47]. In the present study ethnic differences in
the levels of Met S-related metabolic variables and the prevalence

of Met S were investigated using multiple regression and logistic
regression analyses and were found not to be related to ethnic
differences in PTH or 25(OH)D levels.
This study is limited by the cross-sectional nature of the data,
and as such we cannot draw any conclusions about causality.
Another limitation is that blood samples were collected over
several months, and vitamin D is known to display seasonal
variation. Also, study subjects were not selected randomly and this
may have introduced some level of selection bias. Finally,
25(OH)D levels were not measured using the reference method
of liquid chromatography-tandem mass spectrometry (LC-MS/
MS), however the technique used in this study (HPLC) has been
shown to correlate well with the LC-MS/MS method [48].
In conclusion, PTH but not 25(OH)D is associated with the Met
S in our African and Asian Indian populations. The PTH effect is
largely via its impact on blood pressure and its relationship with
waist circumference. The relationship between PTH and insulin
resistance needs to be investigated further, as does the mechanism
responsible for causing serum PTH levels to rise with increased
adiposity.

Author Contributions
Conceived and designed the experiments: JAG SAN NJC. Performed the
experiments: JAG. Analyzed the data: JAG NJC HEvD. Contributed
reagents/materials/analysis tools: JAG. Wrote the paper: JAG NJC.

References
15. Pepe J, Romagnoli E, Nofroni I, Pacitti MT, De Geronimo S, et al. (2005)
Vitamin D status as the major factor determining the circulating levels of
parathyroid hormone: a study in normal subjects. Osteoporosis Int 16: 805–812.
16. Richter LM, Norris SA, De Wet T (2004) Transition from Birth to Ten to Birth
to Twenty: the South African cohort reaches 13 years of age. Paediatr Perinat
Epidemiol 18: 290–301.
17. Little RR (2003) Glycated Hemoglobin Standardization – National Glycohemoglobin Standardization Program (NGSP) Perspective. Clin Chem Lab Med
41: 1191–1198.
18. Matthews D, Hosker J, Rudenski A, Naylor B, Treacher D, et al. (1985)
Homeostasis model assessment: insulin resistance and b-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia 28: 412–
419.
19. van Deventer HE, George JA, Paiker JE, Becker PJ, Katz IJ (2008) Estimating
Glomerular Filtration Rate in Black South Africans by Use of the Modification
of Diet in Renal Disease and Cockcroft-Gault Equations. Clin Chem 54: 1197–
1202.
20. Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, et al. (2011) The
2011 Dietary Reference Intakes for Calcium and Vitamin D: What Dietetics
Practitioners Need to Know. Journal of the American Dietetic Association 111:
524–527.
21. Pettifor JM, Ross FP, Solomon L (1978) Seasonal variation in serum 25hydroxycholecalciferol concentrations in elderly South African patients with
fractures of femoral neck. Br Med J 1: 826–827.
22. Arya V, Bhambri R, Godbole MM, Mithal A (2004) Vitamin D status and its
relationship with bone mineral density in healthy Asian Indians. Osteoporosis
Int 15: 56–61.
23. Goswami R, Gupta N, Goswami D, Marwaha RK, Tandon N, et al. (2000)
Prevalence and significance of low 25-hydroxyvitamin D concentrations in
healthy subjects in Delhi. Am J Clin Nutr 72: 472–475.
24. Scragg R, Sowers M, Bell C (2004) Serum 25-hydroxyvitamin D, diabetes, and
ethnicity in the Third National Health and Nutrition Examination Survey.
Diabetes Care 27: 2813–2818.
25. Majumdar V, Nagaraja D, Christopher R (2011) Vitamin D status and
metabolic syndrome in Asian Indians. Int J Obes (Lond) 35: 1131–1134.
26. Reis JP, von Muhlen D, Miller ER (2008) Relation of 25-hydroxyvitamin D and
parathyroid hormone levels with metabolic syndrome among US adults.
Eur J Endocrinol 159: 41–48.
27. Reis JP, von Muhlen D, Kritz-Silverstein D, Wingard DL, Barrett-Connor E
(2007) Vitamin D, parathyroid hormone levels, and the prevalence of metabolic
syndrome in community-dwelling older adults. Diabetes Care 30: 1549–1555.
28. Hjelmesaeth J, Hofso D, Aasheim ET, Jenssen T, Moan J, et al. (2009)
Parathyroid hormone, but not vitamin D, is associated with the metabolic
syndrome in morbidly obese women and men: a cross-sectional study.
Cardiovasc Diabetol 8: 7.

1. Popkin BM, Doak CM (1998) The obesity epidemic is a worldwide
phenomenon. Nutr Rev 56: 106–114.
2. Puoane T, Steyn K, Bradshaw D, Laubscher R, Fourie J, et al. (2002) Obesity in
South Africa: the South African demographic and health survey. Obes Res 10:
1038–1048.
3. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, et al. (2009)
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: 1640–1645.
4. Steyn K, Goldberg YP, Kotze MJ, Steyn M, Swanepoel AS, et al. (1996)
Estimation of the prevalence of familial hypercholesterolaemia in a rural
Afrikaner community by direct screening for three Afrikaner founder low density
lipoprotein receptor gene mutations. Hum Genet 98: 479–484.
5. Bajaj M, Banerji MA (2004) Type 2 diabetes in South Asians: a pathophysiologic
focus on the Asian-Indian epidemic. Curr Diab Rep 4: 213–218.
6. Ferris WF, Naran NH, Crowther NJ, Rheeder P, van der Merwe L, et al. (2005)
The relationship between insulin sensitivity and serum adiponectin levels in
three population groups. Horm Metab Res 37: 695–701.
7. Ford ES, Ajani UA, McGuire LC, Liu S (2005) Concentrations of serum vitamin
D and the metabolic syndrome among U.S. adults. Diabetes Care 28: 1228–
1230.
8. Chiu KC, Chu A, Go VLW, Saad MF (2004) Hypovitaminosis D is associated
with insulin resistance and b cell dysfunction. Am J Clin Nutr 79: 820–825.
9. Li YC, Kong J, Wei M, Chen ZF, Liu SQ, et al. (2002) 1,25-Dihydroxyvitamin
D(3) is a negative endocrine regulator of the renin-angiotensin system. J Clin
Invest 110: 229–238.
10. Lee DM, Rutter MK, O’Neill TW, Boonen S, Vanderschueren D, et al. (2009)
Vitamin D, parathyroid hormone and the metabolic syndrome in middle-aged
and older European men. Eur J Endocrinol 161: 947–954.
11. Roislien J, Van Calster B, Hjelmesaeth J (2011) Parathyroid hormone is
a plausible mediator for the metabolic syndrome in the morbidly obese: a crosssectional study. Cardiovasc Diabetol 10: 17.
12. Chiu KC, Chuang LM, Lee NP, Ryu JM, McGullam JL, et al. (2000) Insulin
sensitivity is inversely correlated with plasma intact parathyroid hormone level.
Metabolism 49: 1501–1505.
13. Zhao G, Ford ES, Li C, Kris-Etherton PM, Etherton TD, et al. (2010)
Independent associations of serum concentrations of 25-hydroxyvitamin D and
parathyroid hormone with blood pressure among US adults. J Hypertens 28:
1821–1828.
14. He JL, Scragg RK (2011) Vitamin D, parathyroid hormone, and blood pressure
in the National Health and Nutrition Examination Surveys. Am J Hypertens 24:
911–917.

PLOS ONE | www.plosone.org

7

April 2013 | Volume 8 | Issue 4 | e61282

25(OH) D, PTH and Metabolic Syndrome

29. Sambrook PN, Chen JS, March LM, Cameron ID, Cumming RG, et al. (2004)
Serum Parathyroid Hormone Is Associated with Increased Mortality Independent of 25-Hydroxy Vitamin D Status, Bone Mass, and Renal Function
in the Frail and Very Old: A Cohort Study. J Clin Endocrinol Metab 89: 5477–
5481.
30. Pilz S, Tomaschitz A, Drechsler C, Ritz E, Boehm BO, et al. (2010) Parathyroid
hormone level is associated with mortality and cardiovascular events in patients
undergoing coronary angiography. Eur Heart J 31: 1591–1598.
31. Kamycheva E, Sundsfjord J, Jorde R (2004) Serum parathyroid hormone levels
predict coronary heart disease: the Tromso Study. Eur J Cardiovasc Prev
Rehabil 11: 69–74.
32. Procopio M, Magro G, Cesario F, Piovesan A, Pia A, et al. (2002) The oral
glucose tolerance test reveals a high frequency of both impaired glucose
tolerance and undiagnosed Type 2 diabetes mellitus in primary hyperparathyroidism. Diabet Med 19: 958–961.
33. Khaleeli AA, Johnson JN, Taylor WH (2007) Prevalence of glucose intolerance
in primary hyperparathyroidism and the benefit of parathyroidectomy. Diabetes
Metab Res Rev 23: 43–48.
34. Taylor WH (1991) The prevalence of diabetes mellitus in patients with primary
hyperparathyroidism and among their relatives. Diabet Med 8: 683–687.
35. Tassone F, Procopio M, Gianotti L, Visconti G, Pia A, et al. (2009) Insulin
resistance is not coupled with defective insulin secretion in primary
hyperparathyroidism. Diabet Med 26: 968–973.
36. Cakir I, Unluhizarci K, Tanriverdi F, Elbuken G, Karaca Z, et al. (2012)
Investigation of insulin resistance in patients with normocalcemic primary
hyperparathyroidism. Endocrine 42: 419–422.
37. Frost M, Abrahamsen B, Nielsen TL, Hagen C, Andersen M, et al. (2010)
Vitamin D status and PTH in young men: a cross-sectional study on associations
with bone mineral density, body composition and glucose metabolism. Clin
Endocrinol (Oxf) 73: 573–580.
38. Bernini G, Moretti A, Lonzi S, Bendinelli C, Miccoli P, et al. (1999) Reninangiotensin-aldosterone system in primary hyperparathyroidism before and after
surgery. Metabolism 48: 298–300.

PLOS ONE | www.plosone.org

39. Grethen E, McClintock R, Gupta CE, Jones R, Cacucci BM, et al. (2011)
Vitamin D and hyperparathyroidism in obesity. J Clin Endocrinol Metab 96:
1320–1326.
40. Reinehr T, de Sousa G, Alexy U, Kersting M, Andler W (2007) Vitamin D
status and parathyroid hormone in obese children before and after weight loss.
Eur J Endocrinol 157: 225–232.
41. Sukumar D, Ambia-Sobhan H, Zurfluh R, Schlussel Y, Stahl TJ, et al. (2011)
Areal and volumetric bone mineral density and geometry at two levels of protein
intake during caloric restriction: a randomized, controlled trial. J Bone Miner
Res 26: 1339–1348.
42. Querfeld U, Hoffmann MM, Klaus G, Eifinger F, Ackerschott M, et al. (1999)
Antagonistic effects of vitamin D and parathyroid hormone on lipoprotein lipase
in cultured adipocytes. J Am Soc Nephrol 10: 2158–2164.
43. Chang E, Donkin SS, Teegarden D (2009) Parathyroid hormone suppresses
insulin signaling in adipocytes. Mol Cell Endocrinol 307: 77–82.
44. Maetani M, Maskarinec G, Franke AA, Cooney RV (2009) Association of leptin,
25-hydroxyvitamin D, and parathyroid hormone in women. Nutr Cancer 61:
225–231.
45. Grethen E, Hill KM, Jones R, Cacucci BM, Gupta CE, et al. (2012) Serum
leptin, parathyroid hormone, 1,25-dihydroxyvitamin D, fibroblast growth factor
23, bone alkaline phosphatase, and sclerostin relationships in obesity. J Clin
Endocrinol Metab 97: 1655–1662.
46. Misra A, Vikram NK (2004) Insulin resistance syndrome (metabolic syndrome)
and obesity in Asian Indians: evidence and implications. Nutrition 20: 482–491.
47. Waisberg R, Paiker JE, Crowther NJ (2011) Adipokine serum concentrations,
anthropometric measurements and socio-economic status in two ethnic groups
with different prevalence levels for cardiovascular diseases and type 2 diabetes.
Horm Metab Res 43: 660–666.
48. Roth HJ, Schmidt-Gayk H, Weber H, Niederau C (2008) Accuracy and clinical
implications of seven 25-hydroxyvitamin D methods compared with liquid
chromatography-tandem mass spectrometry as a reference. Ann Clin Biochem
45: 153–159.

8

April 2013 | Volume 8 | Issue 4 | e61282

