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Abstract

Purpose To determine the association between vitamin D

status and the serum lipid profile in children.

Methods The subjects of this cross-sectional study were

149 Spanish school children (8–13 years of age). The

anthropometric data collected were weight and height, from

which the body mass index (BMI) was calculated. Serum

25(OH)D concentrations were measured by chemilumines-

cent assay. Triglycerides were determined by enzyme

colorimetry; total cholesterol and HDL-cholesterol were

determined by the cholesterol esterase method. The LDL-

cholesterol concentrations were determined mathematically.

Results Compared to children with serum 25(OH)D

concentrations in the fourth quartile, those in the first had

higher triglyceride (86.0 ± 35.7 vs. 64.1 ± 26.7 mg/dL;

p \ 0.05). After adjusting for age, sex, BMI, and physi-

cal activity, the serum 25(OH)D level was found to

be inversely proportional to the triglyceride (r = -0.857;

p = 0.010). While age, sex, BMI, and physical activity

explained 12% of the variance of the HDL-cholesterol

figures, the inclusion of serum 25(OH)D allowed 23% of

the variance to be explained.

Conclusion A low serum vitamin D levels in children is

associated with high triglyceride levels.
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Introduction

Vitamin D has long been known involved in the regulation

of calcium, phosphate, and alkaline phosphate levels, and

the mineralization of bone [1]. In recent years, however, an

adequate vitamin D status has been related to the preven-

tion of certain types of cancer, diabetes mellitus, autoim-

mune disorders, and cardiovascular disease [1, 2].

Recent studies in adults have shown a relationship

between vitamin D deficiency and a greater prevalence of

self-reported angina, myocardial infarction, coronary heart

disease, heart failure and peripheral vascular disease [3, 4].

Different mechanisms could be involved in these rela-

tionships, such as the regulation of blood pressure [5, 6],

glycaemia [6], percentage body fat [7], and serum lipids [4]

by vitamin D.

Some studies have examined the relationship between

vitamin D and serum lipids, most of them have involved

normal weight [4, 8] and obese adults [9, 10], but few in

children [11–13]. The aim of the present study was to

determine the association between vitamin D status and the

serum lipid profile in children.

Experimental methods

Subjects

Sample recruitment: the study was carried out in 3 schools

from Madrid (Spain) (latitude 40�230N), and they were

randomly selected from a list of all primary schools from

Madrid. The directors were contacted by phone to arrange

an interview during which the characteristics and the

importance of the study were explained. Permission was

requested to meet with the parents of the children in the age
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group of 8–13 years. Parents of 276 children between 8 and

13 years were contacted and explained the details of the

study, and all questions were answered. Only the parents of

178 children gave permission to include their children in

the study. Parents of the remaining 98 children did not

agree them to take part in the study because of different

reasons: they did not agree to take blood from the children,

they were not interested in the study, etc. Twenty-nine

children were excluded because of different reasons:

presence of celiac disease, fish and egg allergy, lactose

intolerance, and diabetes and did not attend on days when

tests were performed. Thus, the study sample was 149

children.

The exclusion criteria were:

• A lack of authorization to take part or the non-

acceptance of any of the conditions required for the

study to proceed.

• Non-attendance on days when the tests or interviews

were performed.

• Clinical problems that advised against inclusion or that

might modify the results.

The study was approved by the Human Research Review

Committee of the Pharmacy Faculty, Complutense Uni-

versity of Madrid.

Methods

Physical activity

Information about the subjects’ physical activity was

obtained using a questionnaire that recorded the length of

time spent sleeping, eating, and playing sport, etc. [14]. An

activity coefficient was established for each subject by

multiplying the time spent in each activity by established

coefficients [15, 16]—1 for sleeping and resting, 1.5 for

very light activities (those that can be done sitting or

standing up such as studying, doing homework, or paint-

ing), 2.5 for light activities (e.g., walking), 5 for moderate

activities (e.g., playing tennis, skiing, dancing), and 7 for

intensive activities (e.g., playing basketball)—and then

dividing by 24 h.

Anthropometric survey

All measurements were taken at the schools in the morn-

ing, and following norms set out by the World Health

Organization [17].

Weight and height were determined using a digital

electronic balance (SECA ALPHA, GMBH & Co., Igni,

France) (range 0.1–150 kg, precision 100 g) and a Har-

penden digital stadiometer (Pfifter, Carlstadt, NJ, USA)

(range 70–205 cm, precision 1 mm) respectively. For these

measurements, subjects were barefoot and wore only

underwear. Subject body mass index (BMI) was calculated

as weight (kg)/height2 (m2).

Biochemical survey

The study was undertaken during winter (specifically on

February), and blood was taken in that season. Blood

samples were drawn by venipuncture after 12 h of fasting,

between 8 and 9 am in the morning. Adequacy of the

fasting period was checked by nurses before blood was

collected.

Serum 25(OH)D levels were measured by chemilumi-

nescent assay [18, 19]. Serum was incubated with anti-

vitamin D-coated microparticles and isoluminol derivative-

conjugated 25(OH)D prior to the measurement of the

chemiluminescent signal (C.V. = 8%).

A serum level of \20 ng/mL (50 nmol/L) was taken to

indicate a vitamin D deficiency [20, 21].

The children were grouped into quartiles depending on

their serum vitamin D levels; Quartile 1 = 25(OH)D

\17.4 ng/mL, Quartile 2 = 17.4–22.6 ng/mL, Quartile

3 = 22.6–27.6 ng/mL, and Quartile 4 = C27.6 ng/mL.

Triglycerides were determined by enzyme colorimetry

(GPO-PAP) (C.V. = 2.8%) [22]. Total cholesterol

(C.V. = 2.2%) and HDL-cholesterol (C.V. = 2.4%) were

determined by the cholesterol esterase method [23], the

latter after precipitation from the serum with phospho-

tungstic acid and magnesium ions [24]. The concentration

of VLDL-cholesterol was obtained mathematically from

the triglyceride level (dividing this by five) [25], and the

LDL-cholesterol concentration using the formula of

Friedewald et al. [26]:

LDL-cholesterolðmg=dLÞ ¼ total cholesterol

� ðVLDL-cholesterol

þ HDL-cholesterolÞ:

The following were considered the thresholds of normality:

total cholesterol \170 mg/dL, triglycerides \75 mg/dL

(in those under 10 years of age) or \90 mg/dL (in those

10 and over), HDL-cholesterol C45 mg/dL, LDL-choles-

terol \110 mg/dL, and VLDL-cholesterol \15 mg/dL (in

those younger than 10 years of age) or \18 mg/dL (in

those 10 or over) [27].

Statistical analysis

Means and standard deviations (SD) were calculated for all

variables. One-way ANOVA and the Newman–Keuls post

hoc test were used to identify significant differences

between the groups. Comparisons between proportions

were detected using the v2 test. Multiple regression
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analysis was performed to determine the vitamin D levels

that predicted serum lipid levels, taking into account age,

sex, BMI, and physical activity. Results were recorded with

the 95% confidence interval (95% CI). All calculations

were made using RSIGMA BABEL Software (Horus

Hardware, Madrid). Significance was set at p \ 0.05.

Results

The mean serum vitamin D concentration for the subjects

as a whole was 23.1 ± 8.2 ng/mL; 37.6% of the children

had deficient concentrations.

The mean cholesterol, triglycerides, and HDL-, LDL-

cholesterol concentrations were 168.5 ± 24.9, 74.2 ±

31.6, 64.0 ± 14.9, and 89.6 ± 20.8 mg/dL respectively.

Some 47.7% of the children had high cholesterol levels;

24.2% had high triglyceride levels. Some 5.4 and 15.4% of

the children had inadequate HDL- and LDL-cholesterol

concentrations.

Dividing the population into quartiles with respect to

serum vitamin D showed that the children in the first,

second, and third quartiles were older, heavier, and had a

higher BMI than those of the fourth quartile. In addition,

those of the first and third quartiles had lower activity

coefficients than those in the fourth (Table 1). The children

in the first quartile had higher triglyceride levels than those

in the fourth (Table 2).

After adjusting for age, sex, BMI, and physical activ-

ity, serum 25(OH)D was found to be inversely associated

with triglyceride levels. For every 1 ng/mL increase in

25(OH)D, triglycerides fell by 0.857 mg/dL (Table 3).

Although serum vitamin D was not significantly associ-

ated with the HDL-cholesterol level, the former’s inclu-

sion in the regression analysis (Table 3) improved the

capacity to predict the HDL-cholesterol level. While age,

sex, BMI, and physical activity explained 12% of the

variance of the HDL-cholesterol figures, the inclusion of

serum 25(OH)D allowed 23% of the variance to be

explained.

Table 1 General characteristics of the study population with respect to vitamin D quartile (means ± SD)

Total Quartile 1 (n = 37) Quartile 2 (n = 37) Quartile 3 (n = 37) Quartile 4 (n = 38) AN1

Age (years) 10.79 ± 1.05 10.91 ± 0.97a 11.10 ± 1.06a 10.93 ± 0.97a 10.22 ± 1.03b 0.0020

Sex

Boys (%) 47.7 ± 4.1 40.5 52.8 37.8a 62.2b

Weight (kg) 39.8 ± 10.5 41.7 ± 11.7a 42.4 ± 9.0a 42.1 ± 10.3a 33.2 ± 8.0b \0.001

Height (m) 1.43 ± 0.09 1.44 ± 0.09a 1.45 ± 0.08a 1.46 ± 0.09a 1.39 ± 0.09b 0.0020

BMI (kg/m2) 19.1 ± 3.5 19.8 ± 4.2a 20.1 ± 3.2a 19.5 ± 3.3a 17.0 ± 2.5b \0.001

Activity coefficient 1.48 ± 0.07 1.47 ± 0.06a 1.49 ± 0.06 1.45 ± 0.08a 1.51 ± 0.07b 0.0099

25(OH)D (ng/mL) 23.1 ± 8.2 13.6 ± 2.8a 19.9 ± 1.6b 24.6 ± 1.4c 33.9 ± 5.8d 0

Means with different letters are significantly different (Newman–Keuls’ post hoc test)

Quartile 1, 25(OH)D \17.4 ng/mL; Quartile 2, 25(OH)D: 17.4–22.6 ng/mL; Quartile 3, 25(OH)D: 22.6–27.6 ng/mL; Quartile 4,

25(OH)D C27.6 ng/mL

AN1 one-way ANOVA

Table 2 Serum lipid concentration with respect to vitamin D quartile (means ± SD)

Total Quartile 1 (n = 37) Quartile 2 (n = 37) Quartile 3 (n = 37) Quartile 4 (n = 38) AN1

Cholesterol (mg/dL) 168.5 ± 24.9 169.8 ± 21.5 165.0 ± 30.5 168.5 ± 25.8 170.3 ± 21.7 NS

Triglycerides (mg/dL) 74.2 ± 31.6 86.0 ± 35.7a 73.4 ± 28.1 74.0 ± 32.4 64.1 ± 26.7b 0.028

HDL (mg/dL) 64.0 ± 14.9 62.5 ± 14.6 60.4 ± 12.0 64.6 ± 13.4 68.4 ± 17.9 NS

LDL (mg/dL) 89.6 ± 20.8 90.2 ± 18.4 89.9 ± 25.3 89.1 ± 22.5 89.1 ± 17.3 NS

LDL/HDL ratio 1.5 ± 0.5 1.5 ± 0.5 1.5 ± 0.5 1.4 ± 0.5 1.4 ± 0.4 NS

CL/HDL ratio 2.7 ± 0.6 2.8 ± 0.7 2.8 ± 0.6 2.7 ± 0.6 2.6 ± 0.5 NS

Means with different letters are significantly different (Newman–Keuls post hoc test)

Quartile 1, 25(OH)D \17.4 ng/mL; Quartile 2, 25(OH)D: 17.4–22.6 ng/mL; Quartile 3, 25(OH)D: 22.6–27.6 ng/mL; Quartile 4,

25(OH)D C 27.6 ng/mL

AN1 one-way ANOVA, CL cholesterol (mg/dL)
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Discussion

The present results agree with those of other authors [28–

30] and show that vitamin D deficiency is a common

problem among children and adolescents.

Because of the magnitude of this problem, some authors

recommend increase the exposure to the sun to improve

vitamin D status, since it is the main source of the vitamin

[31]. However, this is not always enough. For example, in

some countries, there may be insufficient sunshine to

maintain appropriate vitamin D levels, and many people

(even in sunny countries) live in urban settings in which the

amount of light they receive is inadequate. The use of sun

creams—although essential for preventing skin cancers,

including melanoma—may also reduce the amount of solar

radiation received [32]. Because of the sun exposure

problems and because in many studies the intake of vitamin

D has been related to the serum 25(OH)D concentration

[33, 34], even when exposure to the sun is taken into

account [33], it seems that to maintain an appropriate

serum 25(OH)D concentration vitamin D intake needs to

be adequate. Nevertheless, some authors believe it would

be difficult to make school children increase their con-

sumption of foods rich in vitamin D, and given the dangers

involved in prolonged exposure to the sun, they recom-

mend the use of dietary supplements to cover vitamin D

needs [35, 36].

Apart from that, other authors [37, 38] report that

overweight/obesity and the lack of physical activity pre-

dispose individuals to serum vitamin D deficiency; which

is confirmed in the present study (Table 1). Excess body fat

sequesters circulating vitamin D, which could lead to its

deficiency [39]. Exercise modifies the levels of hormones

such as 1,25(OH)2D, which could potentiate the effect of

vitamin D [40].

The most important finding of the present study was the

association between serum vitamin D and triglycerides,

confirming the results reported in other studies. In the third

National Health and Nutrition Examination Survey, which

involved 18,825 adults over 20 years of age, the adjusted

prevalence of high serum triglycerides was significantly

higher in the first quartile (25(OH)D \21 ng/mL) than in

the fourth quartile (25(OH)D [37 ng/mL) of serum

25(OH)D concentrations [OR = 1.47 (1.30–1.65);

p \ 0.001] [41]. Similarly, in a recent study of 3577 ado-

lescents aged 12–19 years, undertaken by the National

Health and Nutrition Examination Survey (NHANES

2000–2004), it was reported that subjects with serum

25(OH)D in the lowest quartile (\15 ng/mL) were at

greater risk of hypertriglyceridemia than those in the

highest ([26 ng/mL) [OR = 1.00 (1.33–2.39)] after

adjusting for age, sex, race, BMI, socioeconomic status,

and physical activity [12]. In a group of 73 women with

morbid obesity, those with vitamin D deficiencies

(25(OH)D \20 ng/mL) had higher triglyceride levels than

those with an adequate serum vitamin D status

(25(OH)D C20 ng/mL) (163.3 ± 81.5 vs. 95.1 ± 24.2

mg/dL; p = 0.001) [9]. A significant negative association

was also found between serum vitamin D and triglycerides

(r = -0.364; p = 0.015). Similar observations have been

made in intervention studies. For example, in a study

involving 200 overweight subjects who received 83 lg/day

vitamin D or placebo while participating in a weight-

reduction program for 12 months, a more pronounced

reduction in serum triglycerides occurred in the vitamin D

group than in the placebo group (-13.5% compared with

?3.0%; p \ 0.001) [42]. According to Zittermann et al.

[42], two mechanisms might be involved in the vitamin D-

mediated reduction in serum triglycerides: (1) vitamin D

increases intestinal calcium absorption [43] and thus the

amount of absorbed calcium. This calcium could then

reduce serum triglycerides by reducing hepatic triglyceride

formation and secretion [44]; (2) via a suppressive effect of

vitamin D on serum PTH concentrations. Since elevated

PTH concentrations are accompanied by a reduction in

plasma post-heparin lipolytic activity [45], a reduction in

serum PTH may reduce serum triglycerides via increased

peripheral removal. A third mechanism might also be

involved, in which vitamin D induces the expression of

VLDL-cholesterol receptors in some types of cell [46].

A fourth possible mechanism to explain the association

between 25(OH)D and triglycerides would be across the

insulin resistance: when vitamin D deficiency is present the

risk of insulin resistance increases [47], and this situation is

associated with an elevation of the levels of VLDL and

triglycerides [48].

Although no direct relationship was found between

serum 25(OH)D and HDL-cholesterol levels in the present

study, the literature suggests it has some influence. In the

most recent NHANES 2000–2004 survey, vitamin D

deficiency (\15 ng/mL) was associated with lower

HDL-cholesterol [OR = -3.03 mg/dL (-5.02 to -1.04)]

levels—an association not seen in those with 25(OH)

levels C30 ng/mL [3]. In the above study involving 73

Table 3 Results of a multiple regression analysis with vitamin D as

the dependent variable and serum lipids as the independent variable

ba Error p for the variable R2

Cholesterol (mg/dL) -0.551 0.310 0.078 0.107

Triglycerides (mg/dL) -0.857 0.376 0.024 0.117

HDL (mg/dL) 0.011 0.170 0.950 0.230

LDL (mg/dL) -0.389 0.266 0.146 0.044

b Constant or intercept
a Analysis adjusted for sex, age, BMI, and physical activity
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women with morbid obesity [9], those with a 25(OH)D

concentration of \20 ng/mL had lower HDL-cholesterol

levels than those with a higher concentration (37.0 ± 7.8

vs. 44.9 ± 8.7 mg/dL; p = 0.003). Further, a significant,

positive relationship was found between vitamin D levels

and HDL-cholesterol levels (r = 0.325; p = 0.033). The

effect of vitamin D on HDL-cholesterol might be explained

by its requirement in order to maintain adequate levels of

apolipoprotein A-1 (the main component of high-density

lipoprotein) [12]. In addition, it has been suggested that the

modulators of the vitamin D receptor might be potent apo-AI

gene inducers [49]. Certainly, in a study of 358 adults, an

independent and highly significant positive correlation was

observed between the serum concentrations of 25(OH)D and

apolipoprotein A-I and HDL-cholesterol levels [50].

The present study suffers the limitation of the non-

measurement of the PTH concentration. It is therefore

impossible to determine the relationship between low

vitamin D levels and PTH or to determine whether a low

PTH concentration is associated with a lower triglyceride

level. Another limitation of this study is the relatively small

sample, which may have prevented the detection of asso-

ciations between 25(OH)D and other lipids like HDL.

In conclusion, low serum vitamin D levels in children

are associated with high triglyceride levels and could be

associated with low HDL-cholesterol levels. These asso-

ciations mean that children with low vitamin D levels could

be at greater long-term risk of cardiovascular disease.
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14. Ortega RM, Requejo AM, López-Sobaler AM (2006) Activity

questionnaire. In: Requejo RM, Ortega R (eds) Nutriguı́a. Manual

of clinical nutrition in primary care, 1st edn. Complutense,

Madrid, p 468

15. World Health Organization (WHO) (1985) Energy and protein

requirements. Report of a joint FAO/WHO/ONU expert consul-

tation. Technical report series 724. WHO, Geneva

16. Ortega RM, Requejo AM, Quintas ME et al (1996) Estimated

energy balance in female university students: differences with

respect to body mass index and concern about body weight. Int J

Obes 20:1127–1129

17. World Health Organization (WHO) (1995) Physical Status: the

use and interpretation of anthropometry. Report of the WHO

expert committee WHO technical report series, n8 854. WHO,

Geneva

18. Sackrison JL, Ersfield DL, Miller AB et al (2002) Development

of a sensitive automated non-extracted direct Liaison immuno-

assay for 25 OH vitamin D. Clin Chem 48:A122

19. Wootton A (2005) Improving the measurement of 25-hydroxy-

vitamin D. Clin Biochem Rev 26:33–36
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