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Chapter 5

ABSTRACT

Background: Little is known about the association between 25-hydroxyvitamin D [25(0OH)D]
and health outcomes of Chinese people residing in the Netherlands.

Objective: The purpose of our cross-sectional study was to explore the associations
between 25(0OH)D and bone health, cardio metabolic-related outcomes, and physical
performance.

Methods: In a sample of Chinese people living in the Netherlands, 416 men and women
aged >18 years with a Chinese background, serum 25(0OH)D concentrations, fasting blood
glucose, total cholesterol, systolic and diastolic blood pressure, body mass index, waist
circumference, and physical performance were measured. Bone health was measured by
means of quantitative ultrasound of the heel. Physical activity, sunlight exposure, calcium
intake, and use of vitamin D supplements and drugs were self-reported by means of ques-
tionnaires.

Results: At the cut-off point of 25(OH)D for vitamin D adequacy as defined by the Health
Council of the Netherlands (HCN), fasting blood glucose was higher when serum 25(0OH)D
was <30 nmol/L (or <50 nmol/L for persons aged >70 years) both unadjusted (0.340 mmol/L;
95% Cl, 0.059 to 0.621) and adjusted for age, sex and use of vitamin D supplements and
glucose-lowering drugs (0.284 mmol/L; 95% Cl, 0.033 to 0.536). Other associations at the
HCN cut-off point were not found. At the cut-off points of 25(OH)D of 50 nmol/L and 75
nmol/L no associations between 25(0OH)D and health outcomes were found.

Conclusion: Although this study provides some insights into detectable associations be-
tween vitamin D and some health outcomes, further longitudinal and intervention studies

are required to confirm our findings.

Keywords: Cardio metabolic, Chinese, Fasting blood glucose, 25-Hydroxyvitamin D, Health
outcomes
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INTRODUCTION

Vitamin Ds is produced by the epidermis when 7-dehydrocholesterol is converted to vitamin
D5 under exposure to ultraviolet B radiation. It can also be obtained by some dietary means
(e.g. fatty fish) and from food fortified with vitamin Ds (e.g. margarine and cooking oils).
Vitamin D, originates from irradiation of the plant sterol ergosterol. Although still available
in some (multi) vitamin products, it has been more and more replaced by vitamin Ds. The
metabolism of vitamin D, is similar to that of vitamin D5 [1].

Vitamin D is converted in the liver into 25-hydroxyvitamin D [25(OH)D] which is not
biologically active but used as an indicator of total body vitamin D status. Subsequently,
25(0H)D is hydroxylated in the kidneys into its biologically active form 1,25-dihydroxyvita-
min D [1,25(0H),D] [2, 3].

The benefits of an adequate vitamin D status on bone health are well known. It requlates
calcium metabolism and homeostasis, and facilitates intestinal absorption of calcium and
phosphorus for mineralization of the skeleton. A positive association has been found be-
tween serum 25(0OH)D concentration and bone mineral density (BMD) [1, 4, 5]. Low serum
25(0OH)D concentration and low BMD are predictors of osteoporotic fractures [6, 7], whereas
a sufficient vitamin D status may protect older adults (especially less active women) from
falling [8, 9]. Lower 25(0OH)D concentrations have also been associated with a higher risk of
non-skeletal diseases, e.g. cancer, diabetes, metabolic syndrome, and cardiovascular, infec-
tious and autoimmune diseases [10-14]. By contrast, an umbrella review of systematic re-
views and meta-analyses of observational studies and randomised trials found no clear role
of vitamin D for any outcome, including skeletal, malignant, cardiovascular, autoimmune,
infectious, metabolic, and other diseases, although some associations were considered
probable [15]. Recently, a large, ethnic divers randomized placebo controlled trial did not
find a lower incidence of invasive cancer or cardiovascular events than placebo after vitamin
D supplementation of 2000 IU/day and omega-3 fatty acids (1 g/day) [16].

Relationships between 25(0OH)D and health outcomes may be dependent on 25(0OH)D
thresholds [17-19]; however, the cut-off value for optimal 25(0OH)D concentration is still
being debated and different thresholds may exist for different outcomes. Thresholds may
be based on serum 25(0OH)D concentrations at which parathyroid hormone (PTH) levels are
maximally suppressed [1], or on 25(0OH)D levels at which a further increase is not associated
with an increase in BMD [4, 5]. The Health Council of the Netherlands (HCN) has set the re-
quired 25(0OH)D level at 30 nmol/L for persons aged 0-70 years and at 50 nmol/L for persons
aged >70 years, based on reducing the risk of rickets in children and of bone fractures in
older persons [20]. The US Institute of Medicine recommends a 25(0OH)D level of =50 nmol/L
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for all ages in relation to bone health [21], while the Endocrine Society advocates 25(0OH)D
levels of >75 nmol/L for all ages to maximize the health effects of vitamin D [22].

It has been suggested that thresholds of 25(0OH)D as used in white populations may not
apply to other populations [23, 24]. Furthermore, relationships between 25(0H)D and health
outcomes may also differ by race and ethnicity [23, 25, 26]. Finally, vitamin D status and
associations between vitamin D and health of Chinese populations globally may not be
uniform [27].

In the present cross-sectional study we aimed to explore, in a sample of Chinese people
living in the Netherlands, the associations between 25(0OH)D and heel bone health, cardio
metabolic-related outcomes, and physical performance.

MATERIALS AND METHODS

Study population

This cross-sectional investigation was part of an observational study on vitamin D status in
a Chinese population in the Netherlands [28]. Briefly, men and women aged 18 years and
older with a Chinese background and living in the Netherlands were eligible to participate
when they, or at least one parent, were born in mainland China, Hong Kong or Taiwan.
Participants were recruited through Chinese welfare, elderly, and women organizations
from four cities in the Netherlands with the largest Chinese communities (The Hague, Am-
sterdam, Rotterdam, and Utrecht) and also through social media. All participants, also those
who suffered from diseases, e.g. diabetes, hyperlipidemia or hypertension, were included in
the analyses.

This study was conducted according to the guidelines laid down in the Declaration of Hel-
sinki and all procedures involving research study participants were approved by the Medical
Ethical Committee of the Leiden University Medical Center (@approval number P13.279). Writ-
ten informed consent was obtained from all participants.

Measurements of serum 25(OH)D concentrations

Serum 25(0OH)D concentrations were measured by isotope dilution/online solid-phase
extraction liquid chromatography-tandem mass spectrometry (ID-XLC-MS/MS), and per-
formed at the Endocrine Laboratory of the Amsterdam UMC, Vrije Universiteit Amsterdam
in March 2014 [29]. In short, deuterated internal standard [25(OH)D-d6] was added to the
samples and 25(0OH)D was released from its binding proteins with acetonitrile. Samples
were extracted and analyzed by XLC-MS/MS [a Symbiosis online SPE system (Spark Holland,
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Emmen, the Netherlands)] coupled to a Quattro Premier XE tandem mass spectrometer
(Waters Corp., Milford, MA, USA). The limit of quantitation (LOQ) was 4.0 nmol/L, intraassay
CV was <6%, and interassay CV was <8% for concentrations of 25-180 nmol/L.

Measurement of heel bone

Heel bone was measured by quantitative ultrasound (QUS) (Sahara Clinical Bone Sonometer,
Hologic, Bedford, MA, USA) which, compared to dual-energy X-ray absorptiometry (DXA) is
a less expensive, transportable, and non-ionizing scanner. It determines three ultrasound
parameters from the measured signal: speed of sound (SOS, in m/s), broadband ultrasound
attenuation (BUA, in dB/MHz), and the quantitative ultrasound index (QUI). The QUI is a
composite parameter which combines SOS and BUA to simplify the interpretation of QUS
results. QUI values normally range from 0-150, with higher values obtained for young healthy
persons, and lower values obtained for older or osteoporotic persons. Daily calibration was
performed before measurement according to the manufacturer’s recommendations.

Measurements of fasting blood glucose and total cholesterol

Blood was drawn after overnight fasting for the measurement of 25(0OH)D, fasting blood
glucose (FBG), and total cholesterol (TC). All blood measurements were performed at the
Endocrine Laboratory of the Vrije Universiteit Amsterdam in March 2014.

Plasma glucose was collected in tubes containing NaF as an anti-glycolysis component
and measured using an enzymatic ultraviolet reference method (Roche). The repeatability
(n=21) was 0.6%, CV (EP15) was 1.2%, and the lower and upper LOQ was 0.11-41.6 mmol/L.

Cholesterol was measured by a colorimetric enzymatic method (Roche). The repeatability
was 0.9%, CV (EP15) was 1.5%, and the lower and upper LOQ was 0.1-20.7 mmol/L.

Determination of blood pressure, body mass index, waist circumference, and
physical performance

Blood pressure was measured in a sitting position after at least 10 min of rest by a Microlife
WatchBP Office device (Microlife AG, Wildnau, Switzerland), which automatically takes three
consecutive measurements at 1 min intervals by default. The result of these three measure-
ments was automatically averaged to produce values of systolic (SBP) and diastolic blood
pressure (DBP).

Height (cm) and weight (kg) were measured in standing position and wearing light clothing

and no shoes. The body mass index (BMI, kg/m?) was calculated as body weight divided by
squared body height.
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Waist circumference (WC) was measured with a flexible tape all around the body at the level
of the navel over thin clothing.

To examine physical performances, participants were asked to perform short physical tests, as
previously described [30]. In short, these included the time taken to walk 3 m, turn 180° and
walk back (walking test); time taken to rise five times from a kitchen chair with arms folded
in front of the chest (chair stands); and the ability to stand with the heel of one foot directly
in front of, and touching the toes of the other foot for at least 10 s (tandem stand). A highest
score of four points was given to the fastest quartile to accomplish walking and chair tests
and for the ability to hold position for at least 10 s in the tandem test, resulting in a maximum
individual physical performance score (PPS) of 12 points [30].

Physical activity was self-reported and defined as moderate strenuous effort for at least 30
min, e.g. walking, cycling, or gardening.

Statistical analysis

To examine the characteristics of the participants according to four categories of
25(0OH)D (<30, 30-49.9, 50-74.9 and =75 nmol/L), the means of normally distributed continu-
ous variables were compared by One-way ANOVA and those of categorical variables using
the Chi-square test (Table 1).

Because of the current lack of consensus regarding threshold levels, cut-off points of
25(0OH)D were used as recommended by the HCN and the Endocrine Society, and the sug-
gested serum 25(0OH)D level of the US Institute of Medicine of at least 50 nmol/L at which
almost all persons are vitamin D-sufficient.

Therefore, 25(0OH)D concentration was dichotomized into lower or higher than 50 and 75
nmol/L, and also according to the criteria of the HCN (yes/no), i.e. participants were consid-
ered to be vitamin D-sufficient when serum 25(0OH)D concentration was at least 30 nmol/L
when aged 0-70 years, and at least 50 nmol/L when aged 70 years and over. Using these
three cut-off points of 25(0OH)D (independent variables), and the continuous outcomes
QUI, FBG, TC, SBP, DBP, BMI, WC, and PPS (dependent variables), multiple linear regression
analysis was performed. Age and sex were continuously maintained in the model for bio-
logical relevance. Use of vitamin D supplements and of glucose-, cholesterol-, and blood
pressure-lowering drugs were added in the model as covariates and also examined as effect
modifiers by testing whether interaction terms were statistically significant, to explore pos-
sible differential effects between users and non-users of vitamin D supplements or drugs.
In addition, we examined the possible effect modification of the use of dairy products by
adding the product term of 25(0OH)D * dairy use to the model. Interaction terms were main-
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tained in the model when statistically significant. Considering the exploratory nature of our
study, we chose not to correct for multiple comparisons.

Table 1. Characteristics of the participants according to their level of 25(0H)D

25(0OH)D (nmol/L)
<30 30-49.9 50-74.9 >75 p

Number of participants (%) 77 (18.5) 159 (38.2) 96 (23.1) 84 (20.2)
Men (%) 18 (23.4) 52 (327) 20 (20.8) 13 (15.5) 0.017
Age (years) 53.6(134) 553(126) 56.0 (10.8) 61.0(102)  <0.001
Qul 99.0(20.1)  974(19.1) 99.0(17.5) 96.0(17.8)  0.647
FBG (mmol/L) 5701.7) 56(1.2) 5.7 (1.0) 56(09) 0.739
TC (mmol/L) 54(1.1) 54(1.0) 54(1.0) 55 (1.1) 0.888
SBP (mmHg) 132 (22) 134 (20) 136 (21) 136 (20) 0.574
DBP (mmHg) 79 (10) 80(11) 80 (12) 78 (9) 0212
BMI (kg/m?) 242 (34) 243 (3.1) 24.7 (3.7) 23.9 (4.0) 0.565
WC (cm) 84.9 (9.9) 85.7 (10.4) 85.9 (9.5) 86.1(11.5)  0.691
Current smoker (%) 22.7) 9(5.8) 3(3.3) 2(24) 0.501
Users of

vitamin D supplements (%) 6 (7.9) 25(15.8) 37 (38.5) 60 (73.2) <0.001

glucose-lowering drugs (%) 4(5.3) 7 (4.5) 9(9.6) 10 (12.0) 0.121

cholesterol-lowering drugs (%) 11 (14.5) 17 (10.9) 19 (20.4) 19 (22.9) 0.061

blood pressure-lowering drugs (%) 9(122) 26 (16.6) 27 (28.7) 20 (244 0.024
PPS 895(222) 9.09(2.20) 8.99 (2.31) 898 (241) 0961
Consumption of dairy products (n=406) (%)

no use of dairy products 31(41.9 62 (39.7) 36 (37.5) 21(26.3) 0.157

1-2 servings/day 43 (58.1) 93 (59.6) 57 (59.4) 58 (72.5)

>3 servings/day 0 1(0.6) 3(3.1) 1(1.3)
Sunlight exposure (n=407) (%)

never 17 (22.4) 25(15.7) 11(11.5) 12(14.5) 0.266

occasionally/often 52(77.6) 134 (84.3) 85 (88.5) 71 (85.5)
Physical activity >3 days/week (%) 28 (36.8) 52(32.7) 44 (46.8) 42 (50.0) 0.028

Data are expressed as numbers (%), means (SD) unless otherwise indicated.

QUI, quantitative ultrasound index; FBG, fasting blood glucose; TC, total cholesterol; SBP, systolic blood pressure;
DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference; PPS, physical performance score.
One serving of dairy product is defined as a glass of milk, buttermilk, yogurt, or a slice of cheese.

Results are expressed as regression coefficient B, 95% confidence interval (Cl), or p-value. A
p-value <0.05 was considered to be statistically significant.

Analyses were performed using IBM SPSS Statistics for Windows, Version 23 (IBM Corp.
Armonk, NY, USA).
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RESULTS

Of the 416 participants [mean age (SD) 56.3 (12.1) years], 103 (24.8%) were men. Men had a
significantly lower median serum 25(0OH)D concentration than women (42.0 nmol/L vs 47.0
nmol/L, respectively, p = 0.046), higher mean BMI [25.4 (3.6) vs 23.9 (3.4) kg/m’, respectively,
p <0.001] and higher mean WC [89.9 (11.0) vs 84.1 (9.7) cm, respectively, p <0.001] (data not
shown). Previously, we have reported that 18.4% of men and 35.5% of women used vitamin D
supplements. The estimated average quantity was 500 IU and 650 IU per day, respectively [28].

Participants in the >75 nmol/L category of serum 25(0OH)D were significantly older than
participants in lower categories of 25(0H)D, and also the number of users of vitamin D
supplements was higher.

Participants in the category 50-74.9 nmol/L used significantly more blood pressure-lowering
drugs than those in the lowest category of serum 25(0OH)D (<30 nmol/L). Physical activity
(>3 days per week moderate strenuous effort for at least 30 min) was significantly more
reported among participants in the highest serum 25(0H)D category (=75 nmol/L) than in
the 25(0OH)D category 30-49.9 nmol/L. Across the categories, no significant difference was
found in the number of users of glucose-lowering and cholesterol-lowering drugs (Table 1).

The results of the multiple linear regression analyses are shown in Table 2. Fasting blood
glucose was significantly higher in participants with serum 25(OH)D concentrations <30
nmol/L (or <50 nmol/L for persons >70 years), both unadjusted (0.340 mmol/L; 95% Cl,
0.059 to 0.621) and adjusted for age, sex and use of vitamin D supplements and glucose-
lowering drugs (0.284 mmol/L; 95% Cl, 0.033 to 0.536). No association was found between
serum 25(0OH)D concentrations and other cardio metabolic-related outcomes, QUI or physi-
cal performance. Further adjustment for physical activity in all models had no appreciable
effect on the results (data not shown).

Interaction terms of serum 25(0OH)D with use of vitamin D supplements or with drugs were
not significant, except for SBP at the cut-off point of 75 nmol/L, where the change was in
an opposite direction for users and non-users of antihypertensive drugs (p = 0.038) and,
moreover, the two associations separately showed no significant difference. Participants
with a serum 25(0OH)D concentration <75 nmol/L and not using blood pressure-lowering
drugs had higher SBP than participants with serum 25(0OH)D concentration =75 nmol/L (3.77
mmHg, p = 0.181), whereas participants with serum 25(0OH)D concentration <75 nmol/L
who did use antihypertensive drugs had lower SBP compared to those with serum 25(0H)D
concentration =75 nmol/L (-7.54 mmHg, p = 0.131). The interaction term of 25(0H)D with
the use of dairy products in all models was not significant (data not shown).
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Table 2. Associations between cut-off points of 25(0OH)D (nmol/L) and health outcomes, adjusted for age, sex,
use of vitamin D supplements, and use of relevant medication

25(0H)D (nmol/L)

n-HCN vs HCN
B (95% Cl)

a,bc

<50 vs =50
B (95% Cl)

<75vs =75
B (95% Cl)

Qul 413 -0.089 (-4.279 to 4.101) -1.497 (-5.322 t0 2.329) -0.535 (-5.348 10 4.278)
FBG (mmol/L) © 400 0.284(0.033 to 0.536) 0.058 (-0.178 to 0.293) 0.142 (-0.152 to 0.435)
TC (mmol/L) ® 401 -0.120 (-0.345 to 0.105) -0.082 (-0.292 t0 0.128) -0.075 (-0.335 t0 0.185)
SBP (mmHg) 404 0.823 (-3.644 to 5.289) 0.240 (-3.845 t0 4.325) 0.142 (-0.152 to 0.435)
DBP (mmHg) 404 -0.821(-3.324t0 1.681) 0.184 (-2.106 to 2.475) 1.844 (-0.995 to 4.683)
BMI (kg/m?) 413 -0.098 (-0.920 to 0.725) -0.247 (-0.998 to 0.505) 0443 (-0.501 to 1.387)
WC (cm) 413 0.247 (-2.053 to 2.546) -0.204 (-2.305 to 1.897) 0.637 (-2.004 t0 3.277)
PIPS 411 -0.264 (-0.771 to 0.244) -0.103 (-0.567 t0 0.361) -0.279 (-0.865 to 0.306)

(n-)HCN, (not) according to the criteria of the Health Council of the Netherlands [i.e. serum 25(0H)D (not) =30
nmol/L (for persons <70 y) or (not) =50 nmol/L (for persons >70y)]; QUI, quantitative ultrasound index; FBG,
fasting blood glucose; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; WC, waist circumference; PPS, physical performance score.

¢ adjusted for use of glucose-lowering drugs, © adjusted for use of cholesterol-lowering drugs, © adjusted for use
of blood pressure-lowering drugs

DISCUSSION

The present cross-sectional study explored the associations between serum 25(0OH)D and
bone health, and cardio metabolic-related health outcomes, and physical performance, in
a sample of Chinese people residing in the Netherlands. Findings from our study showed
that FBG was significantly higher when serum 25(0OH)D was <30 nmol/L (or <50 nmol/L for
persons >70 years).

Previous studies have shown that low serum 25(0OH)D concentrations are associated with
higher fasting glucose levels and decreased insulin release, possibly through reduced
stimulation of the vitamin D receptor in the pancreatic S-cell [31, 32]. In two Chinese stud-
ies, with mean serum 25(0OH)D concentrations of 40 and 67 nmol/L, serum 25(0OH)D was
inversely associated with FBG [33, 34]. By contrast, no significantly lower risk of diabetes
than placebo was found after vitamin D supplementation (4000 IU/day) in a study among
high risk type 2 diabetes persons [35]. In a multi-ethnic study performed in the Netherlands
among Western, Turkish, Moroccan, Surinamese South Asian, Surinamese Creole and sub-
Saharan African people, lower vitamin D levels were associated with a higher prevalence of
diabetes. However, this association was not significant anymore after adjustment for age,
sex, BMI, season, and ethnic group [36]. Although we found that FBG was associated with
lower serum 25(0OH)D concentrations, further research is, however, needed to determine
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whether vitamin D indeed plays an important role in glycemic status in our study popula-
tion.

A multi-ethnic study observed among Chinese participants a borderline statistical signifi-
cance of lower serum 25(0OH)D concentrations with lower BMD levels, measured with DXA,
after adjustment for osteoporosis risk factors [26]. By contrast, a randomized clinical trial
performed in Canada among 311 healthy adults, found no benefit of high dose vitamin D
supplementation (4000 IU/day or 10 000 IU/day compared with 400 IU/day) for bone health
[37]. For practical reasons, we measured bone health by means of QUS of the heel. The QUS
parameter, the QUI, is associated with BMD and probably predicts fracture risk as well as
DXA [38]. Studies on associations between serum 25(0OH)D and QUS have shown conflicting
results, which may be due to differences in the assay methods used for measurement of
25(0OH)D or the site of bone measurement, and/or to adjustments made for confounders
and effect modifiers [39-41]. In the present study no association was found between serum
25(0OH)D and QUI; a possible explanation for this might be that heel bone parameters were
positively influenced by mechanical loading through standing (e.g. at work) as it is plausible
to assume that at least a substantial part of our study population work in the restaurant
business. Furthermore, the level of calcium may also have influenced bone parameters. For
example, low calcium intake may lead to secondary hyperparathyroidism, resulting in bone
loss [1]. Studies conducted in mainland China and Hong Kong showed that the Chinese
diet contains <500 mg calcium per day [42, 43]. However, intestinal calcium absorption
was more than two-fold higher than that reported in white and black populations [43].
Moreover, Chinese children and adolescents, and also black children, have been found to
have higher fractional calcium absorption than Caucasian children [44, 45]. From the data
in our study, total calcium intake cannot be determined exactly. However, almost 60% of
our participants used daily dairy products and almost 15% used calcium supplements.
Previously, we estimated that in the present study population, the calcium intake by dairy
products was 240 mg per day [28]. Also taking into account the above mentioned good
intestinal calcium absorption among Chinese, we suppose that the average daily calcium
intake may have been sufficient in our study population. Moreover, associations between
serum 25(0OH)D and health outcomes did not change by adding the interaction term of
serum 25(0OH)D with use of dairy products to the models.

In the present study, no association was found between serum 25(0OH)D and TC. Previous
studies on associations between 25(0H)D and TC are conflicting. For example, one Chinese
study found that vitamin D deficiency (serum 25(0OH)D <50 nmol/L) was associated with an
increase in TC levels [46], whereas another Chinese study observed a positive association
between serum 25(0OH)D and TC in men and women after adjustment for age and BMI [47].
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We did not observe an association of serum 25(0OH)D with SBP, although below compared
to above the serum 25(0OH)D cut-off point of 75 nmol/L the change was in an opposite
direction for users and non-users of antihypertensive drugs, resulting in a significant effect
modification. Also, no association was found between serum 25(OH)D and DBP. Inconsis-
tent results were found in previous Chinese studies regarding this relationship. Whereas
one study found that DBP, but not SBP, was inversely associated with serum 25(0OH)D [33],
another study showed no association between serum 25(0OH)D and blood pressure [34]. In
the Dutch LASA study, low serum 25(0H)D was associated with a higher risk of hyperten-
sion [18]. However, a recent systematic review and meta-analysis concluded that vitamin
D supplementation might not have an effect on SBP or DBP, in either hypertensive or
normotensive persons [48].

Serum 25(0OH)D levels are known to be lower in obese people and inversely associated with
BMI [49]; this is likely caused by a greater distribution volume of lipid soluble vitamin D, or
because of less sun exposure [50]. Most studies examining the relationship between vitamin
D status and BMI were performed among obese Caucasian individuals (BMI =30 kg/m?) [51,
52]. We observed no association between serum 25(0OH)D and BMI, possibly due to a restric-
tion in the range of observed values of the BMI. Similarly, we found no association between
vitamin D status and WC (an indicator of abdominal fat accumulation).

Also, no association was found between serum 25(0OH)D and physical performance score or
any of its components. Theoretically, physical performance scores ranged from 0-12 points
(our scores at the 25th, 50th, and 75th percentile were 7,9, and 11 points, respectively). This
lack of a large variation in scores could have limited the possibility of finding an association
between serum 25(0H)D and physical performance score. This may indicate that our adult
study population was not sufficiently vulnerable to detect an association between serum
25(0H)D and physical performance, as our participants consisted of relatively young and
ambulatory Chinese individuals. Also, our study population was possibly less dependent on
vitamin D due to other health protective factors (e.g. physical activity). However, adjustment
for physical activity had no effect on the results (data not shown). In the aforementioned
multi-ethnic study performed in the Netherlands, also no unambiguous association be-
tween serum 25(0OH)D concentration and muscle-related outcomes was found [36].

Strength of the present study is that all measurements were performed in March 2014
(implying virtually no influence of sun exposure), blood was drawn after overnight fasting,
and our participants had a relatively representative age distribution. Furthermore, serum
25(0OH)D concentration was measured using the gold-standard LC-MS/MS method. The
study also has several limitations. First, because of our cross-sectional study design, we have
no prospective data on serum 25(0OH)D concentrations and the examined health outcomes,
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and therefore, causal relationships cannot be assessed. For example, chronic patients
may have started vitamin D supplement use on their doctor’s advice, thus masking the
deleterious effect of low vitamin D status that may have existed before. We cannot rule
out this possibility completely, among others, because we do not know the start date of
possible supplement use. If frequent consultations, as a chronic disease such as diabetes
usually requires, would have been responsible for a substantial increase in supplement use,
usage of vitamin D supplements should be more frequent in diabetes patients. However,
additional analyses showed this not to be the case (data not shown). Second, we also did
not measure individual components of TC, e.g. HDL or LDL concentrations, or triglycerides
and we did not precisely register the use of possibly anti-osteoporotic medication of the
participants. Third, physical activity, sunlight exposure, calcium intake, and use of vitamin D
supplements and drugs were self-reported which carries the risk of response bias. Fourth,
women were overrepresented, possibly because Chinese women in the Netherlands are
more health-conscious than Chinese men and, therefore, more willing to participate in
health projects. Furthermore, other unobserved confounders may have biased the results.
Finally, our findings are not generalizable to Chinese populations outside the Netherlands as
vitamin D status may not be uniform for Chinese populations living elsewhere. Differences
in personal behavior (especially women for cosmetic reasons), clothing habits, availability of
vitamin D rich food (e.g. fatty fish and sun-dried mushrooms), use of vitamin D supplements,
latitude of the area, and indoor and outdoor occupational and recreational activities are
reasons why vitamin D status may differ among Chinese populations [27].

In conclusion, in this cross-sectional study, FBG seems to be higher in case of low serum
25(0OH)D concentration. Associations between serum 25(0OH)D and other cardio metabolic-
related health outcome, QUI or physical performance were not found. Before any recom-
mendations regarding vitamin D can be made in this population, further longitudinal and
intervention studies are, however, needed to confirm our results.
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