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Abstract. Low vitamin D levels in elderly people are as- parathyroidism, and increased fracture risk, all of which can
sociated with reduced bone mass, secondary hyperparathge prevented by vitamin D supplementation [4, 5].
roidism, and increased fracture risk. Its effect on the grow- Previous studies carried out in Ushuaia (55°S), the
ing skeleton is not well known. The aim of this study was tosouthernmost city in Argentina, showed that approximately
evaluate the possible influence of chronic winter vitamin D50% of the children had low winter levels of 25 hydroxyvi-
deficiency and higher winter parathyroid hormone (PTH)tamin D (250HD) (below 8 ng/ml) [6, 7], which were nor-
levels on bone mass in prepubertal children and youngnal at the end of the summer. These children also had
adults. The study was carried out in male and female Cauhigher PTH levels in winter than in summer [7]. A similar
casian subjects. A total of 163 prepubertal children (X agdinding was reported in children living in Santander, Spain
+1 SD: 8.9 + 0.7 years) and 234 young adults (22.9 + 3.48]. Lower serum winter levels of 250HD in young women
years) who had never received vitamin D supplementatiotiving in Ushuaia compared with the Buenos Aires age-
were recruited from two areas in Argentina: (1)Ushuaia (55°matched population have also been reported [9].
South latitude), where the population is known to have low Peak bone mass (PBM) is an important determinant of
winter 250HD levels and higher levels of PTH in winter osteoporotic fracture risk [10]. PBM, which is mostly ge-
than in summer, and (2)Buenos Aires (34°S), where ultranetically determined, may be influenced by nutritional fac-
violet (UV) radiation and vitamin D nutritional status in the tors such as Ca and protein intake, physical activity [11, 12],
population are adequate all year round. Bone mineral conand endocrine factors [10]. However, the influence of vita-
tent (BMC) and bone mineral density (BMD) of the ultra- min D status during growth on the attainment of PBM has
distal and distal radius were measured in the young adult®een investigated scantily [13-15]. The objective of this
Only distal radius measurements were taken in the childrerstudy was to evaluate the possible influence of chronic win-
Similar results were obtained in age-sex matched groupger vitamin D deficiency and higher winter parathyroid hor-
from both areas. The only results showing significant dif-mone (PTH) levels on the bone mass of prepubertal children
ference corresponded to comparison among the Ushuaiand young adults. For this purpose, a group of children and
women: those whose calcium (Ca) intake was below 80Foung adults living in Ushuaia were compared with age-
mg/day presented lower BMD and BMC values than thoseand sex-matched controls from Buenos Aires where UV
whose Ca intake was above that level (0.469 + 0.046 versusmdiation and vitamin D nutritional status in the population
0.498 + 0.041 g/crh P < 0.02; 3.131 + 0.367 versus 3.339 are adequate all year round. It is important to point out that
+ 0.386 g,P < 0.05, respectively). In conclusion, peripheral the subjects included in the study had never received vita-
BMD and BMC were similar in children and young adults min D supplementation.
from Ushuaia and Buenos Aires in spite of the previously
documented difference between both areas regarding U .
radiation and winter vitamin D status. BMD of axial skeletalwIaterlalls and Methods
areas as well the concomitant effect of a low Ca diet andspjects
vitamin D deficiency on the growing skeleton should be
studied further. Caucasian Argentinian subjects were recruited as follows:
In Buenos Aires: Parents of 8 to 10-year-old primary school

Key words: Peripheral bone mass — Childhood bone masshildren were informed about the study and 180 agreed to have
— Peak bone mass — Vitamin D deficiency. their children participate; 82 children were selected using a table of
random numbers. Three were excluded because of previous vita-
min D supplementation. Two hundred and fifty university students
were informed about the study and 240 agreed to participate; of
. . . these, 122 were selected by a table of random numbers. Nobody
Low vitamin D levels in adults and elderly people are as-yas excluded.
sociated with reduced bone mass [1-3], secondary hyper- |n Ushuaia: Two hundred parents of school children were simi-

larly informed; 182 agreed to have their children participate; of
_— these, 110 were selected by a table of random numbers. Twenty-
Correspondence toM. B. Oliveri, Seccim Osteopdtis Malicas  one were excluded because of previous vitamin D supplementa-
Hospital de Clinicas, Cordoba 2351 (1120), Buenos Aires, Argention. Adults aged 18-30 years were invited to participate through

tina television and radio announcements: 230 adults registered for the
* Established investigator of CONICET (National Research Coun-study, 120 of whom were selected by a table of random numbers.
cil Argentina) Eight subjects were excluded because of previous vitamin D

** Fellow of CONICET supplementation. The total population included 168 prepubertal
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Table 1. Anthropometric data of the prepubertal children from Ushuaia and Buenos Aires

(X + SD)

Girls Boys

Ushuaia Buenos Aires Ushuaia Buenos Aires

n =51 n = 40 n = 38 n = 39
Age (years) 87+ 07 9.1+ 0.7 88+ 0.7 9.2+ 0.6
Height (cm) 129.2+ 81 1309+ 7.7 1306+ 6.3 1329+ 53
Weight (kg) 30.2+ 6.6 29.0+ 6.7 304+ 48 306+ 45

Calcium intake (mg/day) 798 =+ 303 816 +330 666 +268966 + 344
Physical activity
(hours/week) 85+ 6.7 79+ 3.0 103+ 57 85+ 4.0

4P < 0.001

children (ages 8-10 years) X + SD: 8.9 + 0.7 years and 234 youngoefficient of variation in our laboratory was 0.85% and 0.99% for
adults (ages 18-30 years), 22.9 + 3.6 years of both sexes from boBMC and BMD measurements, respectively.
cities.

In Buenos Aires (34°S), a city in the central area of Argentina, Statistics. Results are expressed as the med SD.Significance
previous reports have demonstrated adequate nutritional vitamin Bf difference was evaluated by a two-tailed Student’s unpaired
status in the population [6, 7, 9] and adequate UV radiation fort-test. Multiple regression was applied to evaluate the influence of
vitamin D photoproduction in the area [16]. In Ushuaia (55°S), thethe different variables. The Statt View 512 software for Apple
southernmost city in the world, there is a high incidence of lowMacintosh was used.
winter 250HD levels [6, 7, 9] and UV radiation and vitamin D
photoproductiorin vitro during the autumn and winter months is
scant [16]. . Results

The subjects were physically healthy and were permanent resi-
dents of both areas since birth; none had ever received vitamin D )
supplementation prior to the study. The following exclusion crite-Anthropometric Data
ria were applied: a previous history of renal, bone, or hepatic
diseases; and weight or height below the 3rd or above the 97thnthropometric data of the children are reported in Table 1.
percentiles, using charts for the normal Argentine population.  There were no differences in age, weight, or height between

both populations. Anthropometric data of the young adults

are shown in Table 2. There were no differences in age or
Methods weight between populations, but both males and females

from Buenos Aires were taller than their corresponding
Informed consent was obtained from the children’s parents and&JShuaian group. Women from Buenos Aires had a lower
from the young adults prior to the measurements. Personal dadMl than women from Ushuaia (21.4 + 2.0 versus 22.7 +
were obtained in an interview. Height, weight, and body mass2.4) (P < 0.007). There was no difference in BMI between
index (BMI) were measured; weight/height 2 was derived fromthe groups of men.
those measurements.

A nutritional questionnaire, performed by the same registered
dietician in both cities [17], evaluated weekly food and dairy prod-
ucts consumption. Total calorie, protein, and Ca intake were evaluB0ne Mass Measurements
ated in the young adults. In the group of younger children, parents
were asked to complete the nutritional questionnaire. Only CaBoys and girls from both cities had similar distal radius
intake from dairy products was evaluated since we considered iBMC, area, and BMD values (Table 3). Male and female
more specific and more reliable than evaluating all the foods. | oung adults from both areas showed similar distal and
order to ensure that the participants had never received vitamin ltradistal radius BMC, area, and BMD values (Table 4)

supplementation, a list of the medications containing vitamin D ; : :
(alone or in multivitamins) and of foods enriched with vitamin D1 € Subjects in each group were regrouped according to age

was specifically mentioned during the interviews. Only a few @nd their bone mass was compared (e.g., 18-year-olds, 19-
foods (some low fat dairy products and types of cereal) are enyear olds, etc. to 30-year-olds); there was no statistically
riched with vitamin D in our country. significant difference within groups. Therefore, the whole
A physical activity questionnaire recording the time spent eachgroup could be used to compare the population of both
week on the most common activities was completed by all thecities. Multiple regression analysis revealed no correlation
subjects (adapted from Slemenda et al.) [11]. between anthropometric, nutritional, or physical activity

) and the bone measurements. The only results showing sig-

Bone Mass MeasurementBMD and BMC of the distal and ul- nificant difference corresponded to comparison among the
radistal nondominant arm were Tef?%u)zi‘; in the young adults byshuaian women: those whose Ca intake was below 800

single energy X-ray absorptiometr using a densitometer, — : ;

Osfqeometerg%TX 1())/0. Thegame D){Ainstrumengt;was used in bot mg/day (n= 34) presented lower d'-StaI radius BMD and

cities. Only the distal radius was measured in the prepubertal chil? MC values than those whose Ca intake was above that

) vel (n = 31) (0.469 + 0.046 versus 0.498 + 0.041 gfcm

dren since the ultradistal radi as difficult to assess in thd€
younger children o racdis was CHieult fo assess i % "0,02; 3.131 + 0.367 versus 3.339 + 0.386Pgs 0.05,

Quality control was monitored daily during the study using a respectively). _
radius phantom provided by the manufacturer (Osteometer). The No difference was found in any bone measurement
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Table 2. Physical characteristics, nutritional evaluation, and physical activity in young adult
women and men from Ushuaia and Buenos Aires (X +1 SD)

Women Men

Ushuaia Buenos Aires  Ushuaia Buenos Aires

n = 65 n = 68 n =47 n = 54
Age (years) 228+ 3.6 231+ 3.6 219+ 3.7 231+ 3.2
Height (cm) 157.0+ 60 1620+ 6.1 170.1+ 63 1736+ 6.0
Weight (kg) 56.1+ 7.1 559+ 6.6 68.8+ 11.3 71.0+ 7.8

Energy (Kcal/day) 2333 +8F1 1988 +665 3287 +876 2994 +995
Protein intake

(mg/day) 102 = 34 97 % 30 135 + 32 148 + 55
Calcium intake
(mg/day) 928 +656 971 359 932 +610 1151 *625
Physical activity
(hours/week) 7.1+ 6.8 7.2+ 47 74+ 6.4 8.2+ 47

ap < 0.05;°P < 0.02

Table 3. Bone measurements of prepubertal children

Girls Boys
Ushuaia Buenos Aires Ushuaia Buenos Aires
Distal radius
BMC (g) 1.631+£0.270 1.590 £ 0.212 1.843+£0.211 1.765 + 0.186
Area (cm2) 5.160 = 0.520 5.040 + 0.460 5.410 £ 0.390 5.340 £ 0.340

BMD (g/cm2) 0.317 +0.039 0.318 +0.033 0.341+0.026 0.330+0.029

Table 4. Young adults bone mass measurements

Girls Boys
Ushuaia Buenos Aires Ushuaia Buenos Aires
Distal radius
BMC (g) 3.191+£0.373 3.120 £ 0.356 4.441 + 0.458 4.226 + 0.537
Area (cm2) 6.646 + 0.447 6.563 £ 0.450 7.708 £0.519 7.531 +£0.581

BMD (g/cm2) 0.481 +0.045 0.477 £0.039 0.575 +0.043 0.559 +0.047
Ultradistal radius

BMC (g) 1.730+£0.41 1.770 £ 0.36 2.586 + 0.499 2.646 + 0.659

Area (cm2) 4,490 +0.738 4.450 + 0.804 5.010 £ 0.722 5.263+1.136

BMD (g/cm2) 0.395 +0.046 0.396 + 0.050 0.518 £ 0.052 0.504 £ 0.061

among women from Buenos Aires or among men, girls, angimilar in both areas—more than 90% of it was weight-

boys from the two cities, when analyzed according to theibearing sports (running, walking, gym, soccer, and hockey).

Ca intake. The groups of adults and children spent a similar amount of
weekly hours on physical activity.

Nutritional and Physical Activity Questionnaire

Discussion
The results of the nutritional and physical activity question-
naires are shown in Tables 1 and 2. Calorie intake of thé&/itamin D deficiency has been shown to contribute to bone
young adult Ushuaian population was approximately 30doss in elderly populations, presumably associated with sec-
calories higher than the corresponding group from Buenosndary hyperparathyroidism [1]. In infants and children,
Aires, a difference that reached significance in the womemmarked vitamin D deficiency causes rickets, poor mineral-
(P <0.02). Average Ca intake was found to be similar in allization, bone deformities, and slow growth [18, 19]. Al-
age- and sex-matched groups, except for the boys frorthough severe osteopenia is associated with rickets, this
Ushuaia whose Ca intake was significantly lower than theimeasurement is not commonly used as a marker of treat-
Buenos Aires controlsH < 0.001). Physical activity was ment efficiency, nor is assessment of BMC commonly used



M. B. Oliveri et al.: Winter Vitamin D Deficiency and Peak Bone Mass 223

in the follow-up of children with rickets. We have been especially during puberty, others factors such as the increase
unable to find information in the literature on the long-term of sexual steroid hormones and of IGF 1 levels [10] might
consequence of transient osteopenia induced by vitamin De more important for the attainment of peak bone mass
deficiency during childhood and adolescence. than a seasonal vitamin D deficit.

We investigated whether living in Ushuaia—an area char- Krabbe et al. [25] showed the existence of a relation
acterized by winter vitamin D deficiency and higher PTH between sexual steroid hormones and bone mass, yet they
levels—during childhood, adolescence, and youth might afcould not establish a clear relation between vitamin D me-
fect peripheral bone mass in children and attainment of peal@bolites and bone mass. It must be pointed out that whereas
bone mass in young adults. Age-matched groups from Buethese authors studied a group of pubertal males with above
nos Aires were used as controls, since previous studies capormal 250HD levels, the Ushuaian population included in
ried out by our laboratory showed this population to have arthis study presumably had low 250HD levels all their life.
adequate vitamin D stafus and UV radiation all year round _ Another factor that might have protected the bone mass
[6, 16, 20]. of the Ushuaian children and young adults is their adequate

The results of the present study reveal that children an@hysical activity—mainly weight-bearing activities, which,
young adults living in Ushuaia since birth, and therefore@ccording to several studies reported in the literature, have
suffering a winter vitamin D deficiency during growth [6, 7, the greatest positive effect on bone mass [11, 12, 26, 27].
9], and who had not received vitamin D supplementation, A Surprising finding was that the height of both Ush-

had peripheral bone mass values similar to their age’gaian young males and females was significantly lower than

: their age-matched controls. Calorie and protein intake were
matched controls from Buenos Aires. e d !
Why did the winter vitamin D deficiency not affect bone similar in both groups, although it must be pointed out that

mass during growth in the Ushuaian population? A possibl he questionnaire assessed intake only at the time of the

explanation could be that the adequate 250HD summer le study, not throughout their life span. The influence of vita-

. . in D status on growth cannot be totally discarded. Studies
e.lts [7] m[;ggt fhave com%err:_saged gc_’l_rlﬂe eflfect otf) the W'me'{%mparing length of the body trunk and legs would contrib-
vi algalgent 5&‘3@?@?@ 4 Iguterin Fran?:\:ee gfoynouggehggtsﬁute to determining whether this difference is accounted for

a lesser growth of the legs. A larger population must be
women between 11 and 24 years of age showed a weak,jied in order to eliminate any bias arising from the lim-

correlation between 250HD levels and lumbar spine BMD itaq number of subjects.

concluding that vitamin D might play a modest role in lum- oy results show evidence that there are no differences

bar bone mineral acquisition during puberty [15]. Due topetween the Buenos Aires population and their age-and sex-

technical restraints, we only measured a peripheral nonmatched controls from Ushuaia regarding BMD and BMC

weight-bearing area; we were not able to measure othedf the distal radius (children) and BMD and BMC of the

axial skeletal areas that could be more sensitive to a vitamiRistal and ultradistal radius (young adults). However, fur-

D deficit. Future studies should evaluate the possible delther studies to determine whether the axial skeletal areas are

eterious effect of vitamin D deficiency on the axial skeleton. affected by winter vitamin D deficiency and higher PTH
The different response of the elderly, who do suffer bondevels during growth would be useful in order to confirm

loss due to vitamin D deficiency and secondary hyperparawhether the difference in vitamin D levels affects any seg-

thyroidism, could be explained by the fact that this agement of the growing skeleton.

group has a lower intestinal Ca absorption capacity as well

as a certain degree of resistance to the action of vitamin D

[21-23]. Thus, they would easily and rapidly suffer a de- acknowledgmentsThis study was supported in part by the Na-

crease in their Ca supply and a varying degree of secondagpnal Council of Research (Conicet), by the Fundaciogentina
hyperparathyroidism, which would in turn cause a directde Osteolog, and by Nesflérgentina S.A.

increase of bone resorption [1, 24], thus diminishing bone
mass.
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