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Abstract

Background: Vitamin D (VD) deficiency has been inversely associated with parathyroid hormone (PTH) levels in the adult
population but not in children and adolescents. This study aimed to report VD concentration and its correlation with PTH
levels in a sample of healthy Mexican children. Methods: We conducted a cross-sectional study with 275 healthy Mexican
subjects aged 2 to 17 years to estimate the status of 25-(OH)-D and its correlation with PTH levels. The 25-(OH)-D levels
were estimated by liquid chromatography-tandem mass spectrometry and PTH by radioimmunoassay. Results: Subjects
were categorized as young children (2 to 5 years), school children (6 to 10 years), and adolescents (11 to 17 years). The
median concentration of 25-(OH)-D in young children was 274 ng/ml; in school children, 25.6 ng/mi; and adolescents, 24.7 ng/
ml. VD levels < 20 ng/ml were found in only 10.5% of the participants. Only 3% of the young children showed VD deficiency,
in contrast to 10% of school children and 21% of adolescents (p < 0.05). PTH was found within normal ranges in 95.6% of
the studied population. VD levels < 20 mg/dl were found in 25.8% of children with overweight or obesity (p = 0.009).
Conclusions: VD levels < 20 ng/ml were observed in 10% of the studied group, but this percentage increased with age:
21% of the adolescents showed VD levels < 20 ng/ml. No correlation with PTH levels was found. The VD values reported in
this study are lower than those previously reported in Mexican children.
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Concentracion de vitamina D y su relacion con la hormona paratiroidea en nihos y
adolescentes

Resumen

Introduccién: La deficiencia de vitamina D se ha asociado inversamente con la concentracion de hormona paratiroidea
(PTH) en los adultos, pero no en los nifios y adolescentes. El objetivo de este estudio fue reportar la concentracion de vita-
mina D y su correlacion con la concentracion de PTH en una muestra de nifios mexicanos sanos. Métodos: Se llevd a cabo
un estudio transversal con 275 mexicanos sanos de 2 a 17 afios de edad en quienes se estimaron las concentraciones de
25-(0OH)-D utilizando cromatografia liquida con espectrometria de masas y de PTH por radioinmunoensayo, y su correlacion.
Resultados: Los participantes se categorizaron como prescolares (2 a 5 afios), escolares (6 a 10 afios) y adolescentes
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(11 a 17 afos). La mediana de la concentracion de 25-(OH)-D en los prescolares fue de 274 ng/ml, en los escolares de
25.6 ng/ml y en los adolescentes de 24.7 ng/ml. Solo en el 10.5% de los participantes se encontraron valores de vitamina
D < 20 ng/ml. En contraste con el 10% de los escolares y el 21% de los adolescentes, solo el 3% de los prescolares mos-
traron deficiencia de vitamina D (p < 0.05). La PTH se encontrd dentro de los limites normales en el 95.6% de la poblacion
estudiada. Se encontraron concentraciones de vitamina D < 20 mg/dl en el 25.8% de los nifios con sobrepeso y obesidad
(p = 0.009). Conclusiones: Solo en el 10% de los participantes se encontraron concentraciones de vitamina D < 20 ng/ml,
pero este porcentaje aumento con la edad y se hallaron valores < 20 ng/ml en el 21% de los adolescentes. La PTH se
encontrd dentro de los valores normales. Las concentraciones de vitamina D en este estudio resultaron menores que las

previamente reportadas en nifios mexicanos.

Palabras clave: Vitamina D. Hormona paratiroidea. Pediatria.

Introduction

Growing attention has been given to vitamin D (VD)
and children’s health over the past two decades. VD
deficiency has been described as one of the most sig-
nificant impact health problems in the pediatric popu-
lation™3. The prevalence of VD deficiency ranges from
60 to 80% worldwide in children245, In Mexico, defi-
ciencies in up to 20% have been reported in this
population®6-8,

Several factors have been associated with VD levels
in humans, such as nutritional status, skin color, geo-
graphic localization, and exposure to sunlight®'°. VD
deficiency can result in severe health problems, such
as abnormalities in calcium and phosphorus uptake
and bone metabolism!"-'3,

Besides VD’s importance for calcium homeostasis
and bone growth, its deficiency has also been associ-
ated with the risk of other pathologies, such as type 1
diabetes in children and type 2 diabetes in adults'6.
Moreover, VD deficiency has been related to increased
systolic pressure, low serum calcium levels, and HDL
cholesterol in the adult population8. In children, fre-
quent infections can identify VD deficiency since it has
been associated with low immunity'®2°,

VD has another essential role in calcium metabolism.
Only 10-15% of dietary calcium is absorbed through the
intestinal tract when low VD levels are present?!.
Moreover, when calcium and 25-(OH)-D serum levels
are low, PTH is activated to stimulate 1,25-(OH)-D pro-
duction and increase calcium absorption through the
gut, causing an inverse correlation between PTH and
VD levels'™?2,

In a previous report®, we found a prevalence of VD
deficiency > 40% and an inverse relation with PTH
levels in Mexican adults. Although some studies have
reported VD concentrations in Mexican children, their
association with PTH levels®7 has not been addressed,

although this association has been demonstrated in
children in other countries®®2,

Therefore, this study aimed to report VD concentra-
tions in a group of healthy Mexican children between
2-17 years of age and their correlation with PTH levels
with a methodology previously used in Mexican adults®.

Methods

Study population

We conducted a cross-sectional study with 275 chil-
dren and adolescents from Toluca City, State of Mexico
(Estado de México), and Mexico City between March
and September 2013. The participants were healthy
children and adolescents from day-care centers, public
and private schools, and children accompanying their
siblings to the dental service at the Centro de
Especialidades Odontoldgicas outpatient clinic Instituto
Materno Infantil de Toluca.

Children who agreed to participate in the study
underwent a complete medical history to verify their
health. Subjects with symptoms of infection in the two
weeks before sampling and subjects with chronic
inflammatory diseases were excluded.

This investigation was conducted according to the
Helsinki Declaration of Clinical Research on Humans?®
and was reviewed and approved by the Institutional
Research, Ethics and Biosafety Committee at the
Hospital Infanti de Mexico Federico Goémez
(HIM/2012/013). Parents or legal guardians who agreed
to participate were asked to provide written informed
consent, and children over 7 years provided an assent-
ing letter.

Subjects

Demographic characteristics such as age, sex, family,
personal pathological history, and factors associated
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with bone health were collected in a complete medical
history applied to parents/guardians. Weight (kg) was
measured with a calibrated SECA brand scale with par-
ticipants being barefoot and wearing minimal clothing.
Height (m) was measured using a conventional SECA
brand stadiometer while the participants were standing
barefoot with their shoulders in a relaxed position. Body
mass index (BMI) was computed as a ratio of weight
(kg) to height squared (m?). The Z-score values estab-
lished by the World Health Organization (WHO) were
used to determine BMI. Overweight was defined with a
Z-score > 1; obesity, Z-score > 2; low weight, Z-score
< -2; and extremely low weight, Z-score < -3%.

Skin tone was characterized according to Fitzpatrick
sun-reactive skin types | to VI: | and Il, very sensitive;
[l, sensitive; IV, moderately sensitive; V, little sensitive;
and VI, very little sensitive?”. A calcium intake evalua-
tion was performed with a semi-quantitative food
questionnaire previously validated for the Mexican
population®.

After an 8-hour fast, blood samples (6 ml) were col-
lected to determine 25-(OH)-D and PTH levels. For
25-(0OH)-D determinations, a stable isotope-labeled inter-
nal standard was used in liquid chromatography-tandem
mass spectrometry (LC/MS)*® at the Metabolism
Laboratory, Tufts University Medical Center in Boston,
United States. PTH levels were determined by radioim-
munoassay (RIA) in the Endocrinology Laboratory,
Hospital Infantil de Mexico Federico Gémez (HIMFG).
The 25-(OH)-D cutoff points were determined by the
Institute of Medicine (IOM)%,

All evaluations were conducted in the Clinical
Epidemiology Research Unit of the HIMFG and Instituto
de Seguridad Social del Estado de México (ISSEMyM),
Toluca City. The handling of samples was regulated
according to the Guidelines of managing samples for
diagnostic measures (REMU-MA-01)".

Statistical analysis

The type of distribution of the variables was deter-
mined using the Kolmogorov-Smirnov test. Medians
with interquartile ranges were calculated for continuous
variables. Frequencies and percentages were obtained
from the categorical variables.

Age subgroups were classified as follows: young chil-
dren (aged between 2 to 5 years), school children
(between 6 to 10 years), and adolescents (between 11
to 17 years old). Spearman’s correlation was performed
to determine the association between 25-(OH)-D and
PTH levels.

VD serum levels were classified into four subgroups
according to I0M-established criteria: = 30 ng/ml,
20-29 ng/ml, 11-19 ng/ml, and < 11 ng/ml.

Finally, we performed a median difference test to
evaluate differences between the groups according to
their BMI category and differences between calcium
intake and age group.

In all cases, a p-value < 0.05 was considered sig-
nificant. All statistical analyses were performed using
SPSS version 20.0 program for Windows (SPSS Inc.,
Chicago, IL).

Results

From a total of 275 participants, 55% were male. The
median age for each group was 4 years in young chil-
dren, 8 years in school children, and 13 years in
adolescents.

The median weight was 16.0 kg in the group of young
children, 25.3 kg in school children, and 47.8 kg in ado-
lescents. According to the BMI Z-score, 68% of the
sample was in a normal weight range, and 26.9% with
overweight or obesity (Table 1).

The median (Cl 95%) concentration levels of
25-(OH)-D in young children were 27.4 ng/ml (24.7-
31.0 ng/ml); in school children, 25.6 ng/ml (23.2-
31.3ng/ml);andadolescents, 24.7 ng/ml (21.2-29.4 ng/ml).
Only 10.5% of the participants showed 25-(OH)-D lev-
els < 20 ng/ml. None of the participants showed
25-(0OH)-D levels < 11 ng/ml. Most of the participants
(62.2%) showed levels between 20 and 29 ng/ml, while
27.3% showed levels > 30 ng/ml. PTH was found in
normal ranges in 95.6% of the sample (Table 2).

When we analyzed the frequency in each 25-(OH)-D
levels subgroup, we found 11% of the participants in the
12-19 ng/ml group, 61% in the 20-30 ng/ml group, and
28% in the > 30 ng/ml group. When performing the
same analysis according to age groups, we found sta-
tistically significant differences in the 12-19 ng/ml sub-
group in which only 3% of the young children were
included. In contrast, 10% of school children and 21%
of adolescents were found in this subgroup (p < 0.05).
We found no statistically significant differences in either
the 20-30 ng/ml or the > 30 ng/ml subgroups by age.

Most of the children and adolescents showed PTH
levels according to 25-(OH)-D concentrations groups
within the normal range. No significant differences were
found between age groups (Table 3). When analyzing the
association between 25-(OH)-D concentration and PTH
levels, a weak inverse association was observed although
not statistically significant (rho = -0.112, p = 0.063).
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Table 1. Baseline characteristics of the participants by age group

Median (CI 95%)

Variables Young children School children Adolescents
(n =53) (n=132) (n = 90)
Age (years) 4 (3-5) 8 (7-9) 13 (12-14)
Min-Max 2-5 6-10 11-17
Sex, n (%)

Male 25 (47.2%) 70 (53%) 56 (62.2%)
Female 28 (52.8%) 62 (47%) 34 (37.8%)
Weight (kg) 16.0 (13.8-18.0) 25.3 (22.0-32.2) 47.8 (36.4-55.0)
Min-Max 10.5-34.3 14.1-56.0 16.4-87.5

Height (cm) 102.8 (96.8-106.9) 125.2 (118.2-132.3) 152.70 (145.7-161.0)
Min-Max 83.2-119.3 99.3-153.4 105.5-180.0

Body mass index (BMI), n (%)
Under weight 5(9.4%) 3(2.3%) 6 (6.7%)
Normal weight 39 (73.6%) 86 (65.2%) 62 (68.9%)
Overweight 4 (7.5%) 22 (16.7%) 15 (16.7%)
Obesity 5(9.4%) 21 (15.9%) 7 (7.8%)

Skin type, n (%)
Extremely sensitive (1) 0 (0%) 0 (0%) 3 (3.3%)
Very sensitive (I1) 0 (0%) 0 (0%) 5 (5.6%)
Sensitive (I11) 8 (15.1%) 8 (6.1%) 11 (12.2%)
Moderate sensitive (IV) 35 (66%) 64 (48.5%) 41 (45.6%)
Low sensitive (V) 10 (18.9%) 60 (45.5%) 30 (33.3%)
Very low sensitive (VI) 0 (0%) 0 (0%) 0 (0%)

Calcium consumption (mg/day)
Min-Max

Serum concentrations
25-(0H)-D ng/ml

947.1 (541.8-1481.0)
101.7-3548.7

27.4 (24.7-31.0)

783.1 (452.3-1107.9)
28.6-3669.6

25.6 (23.2-31.3)

440.3 (259.3-932.8)
38.1-2327.6

24.7 (21.2-29.4)

Min-Max 19.1-48.3 11.9-58.3 12.9-41.5
25-(0H)-D nmol/I 68.5 (61.8-77.5) 64.1 (58.1-78.4) 61.9 (52.7-73.5)
Min-Max 47.9-120.7 29.7-145.7 32.3-103.8
PTH (pg/ml) 22.4 (17.9-29.7) 25.0 (19.5-32.7) 24.3 (19.4-31.3)

Min-Max 5.1-80.8 4.1-85.5 2.0-62.0

25-(0H)-D, 25-hydroxivitamin D; Cl, confidence interval, PTH, parathyroid hormone.

Table 2. Status of 25-(0H)-D levels per age group and sex in healthy Mexican children

25-0H-D levels Female (n = 124) Total (n = 275)

I T I TR
25y | oy | ey | zor | eny | uny | sy | ey | oy
> 30 (ng/ml) 7 (28%) 21(30%)  13(232%) 11(39.3%)  18(29%)  5(14.7%) 18 (34%)  39(29.5%) 18 (20%)
20-29 (ng/ml) 17 (68%) 44 (62.9%) 37 (66.1%) 17 (60.7%) 37 (59.7%) 19(55.9%) 34 (64.2%) 81 (61.4%) 56 (62.2%)
12-19 (ng/ml) 1(4%) 5(7.1%) 6 (10.7%) 0 (0%) 7(11.3%) 10(29.4%)  1(1.9%) 12(9.1%) 16 (17.8%)
<11 (ng/ml) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

We also analyzed the concentration of 25-(OH)-D When we analyzed the association between
according to the BMI (Table 4). We found BMI in a nor-  25-(OH)-D and PTH levels by age group, no statisti-
mal range in over half of the population (64.2%) with cally significant differences were found. We also ana-
25-(OH)-D levels between 20 to 29 ng/ml. lyzed the association between BMI and VD levels.
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Table 3. Parathyroid hormone levels according to 25-(OH)-D levels by age group

10-20 ng/ml 20-29 ng/ml > 30 ng/ml

Age group

Young children (2-5y) 26.4 24.7-28
School children (6-11 y) 28.7 17.3-37.2
Adolescents (12-17 y) 28.4 18.4-31.9

*Kruskal-Wallis test.
1QR, interquartile range; PTH, parathyroid hormone.

25.0 19.6-36 19.6 17.9-26.4 0.09
26.1 20.6-32.5 226 18.0-32.1 0.43
225 16.3-30.5 235 19.4-27.6 0.80

Table 4. 25-0H-D and PTH level median difference according to the BMI

Age group

Young children 25-0H-D levels (ng/ml)

(2-5y)

PTH levels (pg/ml) 22.4
School children 25-0H-D levels (ng/ml) 26.0
(6-10'y)

PTH levels (pg/ml) 26.0
Adolescents 25-0H-D levels (ng/ml) 24.8
(11-17 y)

PTH levels (pg/ml) 24.5

*Mann-Whitney’s U-test.
BMI, body mass index; IQR, interquartile range; PTH, parathyroid hormone.

25-(OH)-D levels > 20 ng/ml were observed in 74.2%
of participants in the normal or low BMI groups and
25.8% of participants with overweight or obesity
(p = 0.009).

Finally, we analyzed dietary calcium intake in this
population and found that 49% of the population con-
sumed < 700 mg/day, with the adolescents group being
the one with the lowest intake (Table 5). Besides, only
18% of adolescents reported calcium intake levels
> 1300 mg/day (p = 0.001) (Figure 1).

Discussion

In the present study, we described VD concentra-
tions and their association with PTH levels in a group
of healthy children and adolescents from the Mexico
City metropolitan area and Toluca City. This study is
the first to explore this association in Mexican chil-
dren to the extent of our knowledge. This study fol-
lows the same methodology that we previously
followed to report VD levels and their association with
PTH in a sample of Mexican adults®. As the present

BMI Z-score < 1

BMI Z-score > 1

24.7-31.3 21.8-30.9 0.8
19.3-33 23.1 17.9-29.7 0.9
24-31.1 24.9 20.9-32.1 0.3

20.1-33.2 241 18.1-32 0.5

21.0-29.7 24.8 20.9-28.2 0.8
18-31.3 20.7 15.9-26.2 0.2
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Figure 1. Calcium intake (mg/day) per age group.

group of children and adolescents came from the
same cities as the adults studied previously, and the
same techniques and laboratories were used in both
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Table 5. Frequency of calcium intake by age groups
according to the Institute of Medicine recommendations

Calcium Young School Adolescents
daily intake children children (11-17 years
(mg/day) (2-5 years old) | (6-10 years old) old)
<700 16 (30.2%) 61 (46.2%) 58 (64.4%)
700 to 1000 13 (24.5%) 30 (22.7%) 12 (13.3%)
1000 to 1300 10 (18.9%) 20 (15.2%) 3 (3.3%)

> 1300 14 (26.9%) 21 (15.9%) 17 (18.9%)

studies (LC/MS for 25-(OH)-D and RIA for PTH), the
results of both groups can be complemented and
compared with each other®.

We found VD deficiency among Mexican children/
adolescents aged from 2 to 17 years: 10% of the par-
ticipants showed < 20 ng/ml values. We found < 10 ng/dl
levels in one case.

No statistically significant association was found
between PTH and 25-(OH)-D levels, although an
inverse relationship trend (rho=-0.112, p = 0.063) was
identified. Possibly, we need a larger sample to find a
statistically significant difference since the correlation
between PTH and 25-(OH)-D in the pediatric population
has been demonstrated by Clark et al., Sahin et al., and
Asghari et al.82324,

Only a few studies have described VD levels in chil-
dren and adolescents in Mexico. Toussaint et al.3
reported VD deficiency in 24.7% of children aged 3 to
8 years, whereas our results showed VD deficiency in
only 5% of children at this age range. The observed
differences could be related to the participants’ recruit-
ment procedure. While Toussaint et al.® participants
were recruited in four different hospitals within the met-
ropolitan area of Mexico City, our study recruited
healthy children from day-care centers, schools, and
the waiting room of dental offices. Moreover, a different
technique was performed to measure 25-(OH)-D in
both reports: our study used LC/MS, while Toussaint’s
used quantitative electrochemiluminescence analysis
(ECLIA).

A similar situation occurred with the study by Flores
et al.”, which included a randomized sample of chil-
dren (2 to 12 years old) recruited at the 2006 National
Health and Nutrition Survey (ENSANUT). They
reported VD levels < 20 ng/dl in 30% of young chil-
dren (2-5 years old) and 18% of school children
(6-12 years old). Like the previous study®, we cannot

compare the population recruited by Flores et al.” with
the present population because they included a
broader range of regions of the country. Several of
these areas are known for having high food insecurity
and malnutrition®2. Also, the representation of chil-
dren coming from Mexico City and the metropolitan
area was small. Finally, different techniques were
used to analyze VD levels (enzyme-linked immuno-
sorbent assay vs. LC/MS).

It is known that overweight and obesity are associ-
ated with low levels of 25-(OH)-D. Consistent with this
association, we observed that 25.8% of children and
adolescents with a weight-for-age Z-score > 1 pre-
sented VD levels < 20 ng/ml, similar to those reported
previously by Elizondo et al.8, who found 27.3% of chil-
dren with overweight and obesity with low levels of VD
in the north of Mexico.

We found 25-(OH)-D levels < 20 ng/ml in 17.8% of
adolescents. Indeed, this group presented the highest
prevalence of deficiency in our study. This finding may
be explained by lifestyle changes related to adoles-
cence. Ekelund et al. and Mitchell et al.333* reported
that sedentary behavior (i.e., screen time, among oth-
ers) increases with age, a pattern already described in
Mexican adolescents®. Such trends include unhealthy
dietary habits with potentially harmful effects on long-
term health.

Our study found a trend toward less calcium intake
as age increased. The group of adolescents reported
dietary calcium intake below the minimum recom-
mended (700 mg) by the Institute of Medicine®’. The
low daily calcium intake has been reported among ado-
lescents in other studies as well®®37. However, this find-
ing must be taken cautiously since measuring nutrients
intake by questionnaires has sometimes been proven
inaccurate. For example, children and adolescents tend
to under-report their intake, as much as 67% below the
actual intake, and females are more prone to under-re-
port the dietary intake3®%°, Conversely, we found cal-
cium intake deficiency in 28% of adolescent females
compared to 17% in males.

One limitation of our study is that the overall popula-
tion in Mexico was not represented since our sample
was limited to Mexico City and its surroundings.
Therefore, data extrapolation to the rest of the country
was not possible. Future studies with a broader repre-
sentation of the country’s different geographical areas
should be conducted using the same methodology,
including 25-(OH)-D and PTH measurement techniques
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to improve the knowledge of VD deficiency in other
regions within Mexico.

In the present study, we found a low prevalence of
VD deficiency in a sample of healthy children and
adolescents in Mexico, where only 10% of the total
sample showed VD levels < 20 ng/ml. A higher prev-
alence was observed as age increased. These results
are lower than those previously reported in a Mexican
population, probably due to heterogeneity in the sam-
ple and the different techniques used to quantify
25-(0OH)-D. We also observed VD levels < 20 ng/dl in
26% of subjects with overweight or obesity. Therefore,
particular attention should be paid to this risk group
due to the clinical implications associated with VD
deficiency. Finally, although the correlation between
the decrease in VD and the proportional increase in
PTH was not significant in this study, more studies
with a larger sample should be conducted on Mexican
children. Recommendations for a healthy diet and life-
style should be emphasized during this critical period
of life because of future adulthood and old age
implications.
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