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ABSTRACT

Purpose: Socioeconomic status (SES) has been frequently associated with body composition, particularly fat
mass and obesity. However, the SES-bone mass association is not clear. We aimed to evaluate the associations
between different SES indicators (Family Affluence Scale, parental education, and occupation) and bone
mineral content in Spanish adolescents.
Methods: Participants were 322 adolescents (164 boys and 158 girls, 12.5-17.5 years) from the Healthy
Lifestyle in Europe by Nutrition in Adolescence study. The social background of the adolescents was self-
reported using an SES questionnaire, and the bone variables were measured using dual-energy x-ray
absorptiometry. Physical activity was measured using accelerometers. Calcium intake was estimated from
two nonconsecutive 24 hours recalls. One-way analysis of covariance was performed to examine the
relationships between SES indicators and bone mass using different sets of confounders: basic model (sex +
sexual maturation), model 1 (basic model + height), model 2 (basic model + lean mass), and model 3 (basic
model + calcium intake + average physical activity).
Results: Adjusted results showed no association between SES indicators and whole-body or total hip bone
mineral content. Additional analyses were performed in lumbar spine, pelvis, and hip subregions (femoral
neck, trochanter, and intertrochanter), and no significant associations were observed at these sites either.
Conclusions: Our data do not support a link between different SES indicators (Family Affluence Scale,
parental education, and occupation) and bone mass in adolescents.
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Adolescence is a key period for bone development, and it has
a large influence on adult skeletal health [1]. Although genetics
greatly determines bone mass [2], environmental and lifestyle
factors, such as physical activity (PA) [3,4] and nutrition (e.g.,
calcium intake) [5], have important osteogenic effects. SES is
known to be a strong environmental factor related to both PA
[6,7] and nutrition [8,9], as well as to different health outcomes.
For instance, an association between SES and body composition,
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particularly fat mass and obesity, has been reported [10,11].
Because of its influence on PA and nutrition, it can be hypothe-
sized that SES may play a role in the development of bone mass,
yet this association is still poorly understood. Some studies have
observed that the higher the SES, the higher the bone mass in
children and adolescents [12-15], whereas others have observed
the opposite [16] or no association [13,17,18]. Some of these
studies have not taken into account relevant confounders, such
as PA or lean mass, which make comparison and interpretation of
the results difficult.

Although the methodology for assessing SES largely differs
among studies, some SES indicators have been commonly used,
such as parental education and occupation [12,13,15-17]. The
Family Affluence Scale (FAS) is another SES indicator that refers
to the family expenditure and consumption and has shown to
have a good validity in young population [19,20].

The Healthy Lifestyle in Europe by Nutrition in Adolescence
Cross-Sectional Study (HELENA-CSS) used harmonized and well-
standardized methods of measurement in European adolescents
in 2006 -2007 [21]. The HELENA-CSS retrieved interesting infor-
mation on SES and bone mineral content (BMC), and provides a
good opportunity to explore the association between these vari-
ables in adolescence, after controlling for key confounders, such
as lean mass, objectively measured PA, and calcium intake. In the
present study, we aimed to evaluate the associations between
different SES indicators (FAS, parental education, and occupa-
tion) and BMC in Spanish adolescents.

Methods
Subjects

The methods and procedures of the HELENA-CSS have been
described in detail elsewhere [22]. In this report, we focus on the
sample from Zaragoza, Spain, one of the 10 centers (cities) in-
volved in the HELENA-CSS, where bone mass was measured by
dual-energy x-ray absorptiometry (DXA). Inclusion criteria were
to have valid data on DXA (bone and lean mass), height, objec-
tively measured PA, calcium intake, sexual maturation, and SES
indicators (FAS, parental education, and occupation). Sixty ado-
lescents from Zaragoza were excluded because of a lack of infor-
mation in any of these variables. A total of 164 boys and 158 girls
were finally included in the analyses. The participants included
(n=322)inour analyses did not differ from those excluded from
Zaragoza (n = 60) or from the rest of the HELENA-CSS sample
(n = 3,206) in weight, height, body mass index (BMI), and the SES
indicators studied. Parents and adolescents signed an informed
consent, and the protocol was approved by the Ethics Committee
of Clinical Research from the Government of Aragén (Ethics
Committee of Clinical Research from the government of Aragén
[CEICA]; Spain) [23].

Socioeconomic status

The FAS is based on the concept of material conditions in the
family. Currie et al [20] chose a set of items that refer to family
expenditure and consumption (affluence). The FAS is a valid SES
index in young people and has been previously used in large
epidemiologic studies (e.g., the Health Behaviour in School-aged
Children [19]). The scale is composed of four questions: Do you
have your own bedroom? (No = 0, Yes = 1); How many cars are
there inyour family? (None =0,1=1,2 = 2, >2 = 3); How many

computers are there in your home? (None =0,1=1,2=2,=
3 = 3); Do you have Internet access at home? (No = 0, Yes = 1.)
We computed a final score by summing the answers from all the
questions (range, 0 - 8). Finally, we grouped these scores in three
levels: low (0-2), medium (3-5), and high (6-8) [24].

Parental education and occupation were also included as
measures of SES [12,13,15-17,25]. In the present study, parental
education included four categories: lower education, lower sec-
ondary education, higher secondary education, and higher edu-
cation or university degree. We considered these categories as
low, low-medium, medium-high, and high educational levels,
respectively. The question designed for parental occupation in-
cluded 12 categories: legislators, senior officials or managers,
professionals, technicians and associate professionals, clerks,
service workers and shop and market sales workers, skilled ag-
ricultural and fishery worker, craft and related workers, plant
and machine operators and assemblers, unskilled occupations,
armed forces, other namely, and finally, does not work. In the
present study, we grouped them into four categories to obtain
larger and homogeneous sample size at each group: low, medium-
high, high occupational level, and others. The category “other
namely” was excluded from our analyses (n = 32) because of the
wide variability of the answers and the low frequency accumu-
lated for each answer.

Anthropometric measurements

Anthropometric data in the HELENA-CSS were obtained fol-
lowing International guidelines [26]. Body weight (kg) and
height (cm) were measured with an electronic scale (Type SECA
861; SECA, Hamburg, Germany) and a stadiometer (Type SECA
225; SECA, Hamburg, Germany), respectively.

Pubertal status assessment

A physician examined the adolescents to classify them in one
of the five stages proposed by Tanner and Whitehouse [27].

Calcium intake

Two nonconsecutive 24 hours recalls, using the HELENA-DIAT
(Dietary Assessment Tool, HELENA Consortium) software [28],
were performed to estimate the mean daily calcium intake of the
adolescents. For the assessment of calcium intake, the food com-
position tables published by Farran et al [29] were used for the
Spanish adolescents.

Physical activity

PA was assessed using a uniaxial accelerometer (Actigraph
GT1M, Manufacturing Technology, Inc, Pensacola, FL). The time
sampling interval (epoch) was set at 15 seconds. A minimum of 8
hours of registration/day during at least 3 days were selected as
aninclusion criterion. Average PA (counts/min) was calculated as
previously described [30].

Bone, lean, and fat mass

Osseous and soft tissues of the adolescents were measured
with DXA, using a pediatric version of the software QDR-Explorer
(Hologic Corp., Software version 12.4, Bedford, MA). A lumbar
spine phantom was used to calibrate DXA equipment as recom-
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Table 1

Descriptive characteristics of the studied adolescents (n = 322)
Variable All (n = 322) Boys (n = 164) Girls (n = 158) D
Age (year) 148 = 1.2 148 =13 148 = 1.1 968
Sexual maturation (I/I/IL/IV/V) (%) (0/2/7/14/77) (0/3/9/21/67) (0/1/4/6/89) < .001
Body mass (kg) 58.2 = 12.9 61.8 = 14.9 54.6 = 9.1 < .001
Height (cm) 164.7 = 10.9 168.7 = 22.1 160.5 = 7.3 <.001
BMI (kg/m2) 212 +32 212+33 21.1+32 931
Lean mass (kg) 405 + 8.4 454 + 8.3 35.5+4.6 <.001
BMC (g) 1994.17 + 414.95 2112.16 *= 461.71 1871.69 + 317.93 <.001
Calcium intake (mg/d) 760.11 = 350.8 850.6 = 391.0 666.1 = 274.6 <.001
Average PA (counts/min) 421.87 = 147.94 472.81 = 156.82 369.01 = 117.03 <.001
FAS (low/med/high) (%) (7/72/21) (7/71/22) (8/73/19) 572
Father education (low/low-med/med-high/high) (%) (14/31/23/32) (12/32/25/31) (16/30/22/32) .687
Mother education (low/low-med/med-high/high) (%) (16/24/29/31) (15/23/35/27) (17/25/22/36) 912
Father occupation (low/med-high/high) (%) (39/39/22) (34/47/19) (43/32/25) .683
Mother occupation (low/med-high/high) (%) (39/40/21) (41/38/21) (37/43/20) .692

Sex differences in bold letters (p < . 001).

BMI = body mass index; BMC = bone mineral content; PA = physical activity, FAS = Family Affluence Scale.

mended by the manufacturer. Whole-body, subtotal body
(whole body minus head), total hip, and lumbar spine measure-
ments were obtained. For the whole-body measurement, adoles-
cents were scanned in supine position, and the scans were per-
formed at high resolution [31]. The bone mineral density (bone
mineral density [BMD] g-cm~2), area (cm?), fat mass (g), and lean
mass (g) [body mass - (fat mass + bone mass)] were determined
for each individual from total and regional analysis of the whole-
body scan. BMC (g) was calculated using the formula BMC =
BMD:-area. Two additional examinations were conducted to esti-
mate bone mass at the lumbar spine (mean, L1-L4) and hip
subregions (trochanter, intertrochanter, and femoral neck) as
previously described [32].

The coefficients of variation of the DXA were calculated for
regional analysis of the complete body scan in 49 adolescents
with repositioning. The coefficients of variation were 2.3% for
BMC; 1.3% for BMD; 2.6% for bone area; and 1.9% for lean mass
[33].

Statistics

All the residuals showed a satisfactory pattern (normal distri-
bution). Data are presented as means and standard deviations,

unless otherwise stated. Spearman rank correlation coefficients
(Spearman’s rho) were calculated among body composition, sex-
ual maturation, height, calcium intake, the average PA, and SES
indicators. To analyze the association between SES indicators
and bone mass, one-way analysis of covariance was performed.
The categorized variables of SES were entered as fix factor, bone
mass-related variables were entered as dependent variables,
and sex and sexual maturation (basic model) were included as
covariates. Additional models were also examined: model 1 (ba-
sic model + height), model 2 (basic model + lean mass), and
model 3 (basic model + calcium intake + average PA).

All the analyses were performed using the Statistical Package
for Social Sciences software (SPSS, vs. 15.0 for WINDOWS; SPSS,
Inc., Chicago, IL), and values of p<.05 were considered statisti-
cally significant.

Results

Table 1 shows descriptive characteristics of the study sample.
Differences were observed between boys and girls in sexual
maturation, body mass, height, lean mass, BMC, calcium intake,
and the average PA (all p < .001); however, no sex differences
were found in any of the SES indicators (all p > .5).

Table 2
Spearman’s rank correlation coefficients among body composition, sexual maturation, height, calcium intake, physical activity, and socioeconomic status indicators
(n=322)
Whole Total Sexual Height Lean Calcium Average FAS  Mother Father Mother Father
body BMC hip BMC maturation mass intake PA education education occupation occupation
Whole body BMC 1.00 77" 44" 73" 79* 12 14+ -14 -.02 -.03 —.04 .07
Total hip BMC - 1.00 A7 73" .83* 23" .29* -.02 -.02 —-.03 —.04 —-.01
Sexual maturation — - 1.00 .28* .26* -.11 —.13* -11 -14* —-.07 —.06 -.07
Height - - - 1.00 .80* .20* .18* .02 .09 .08 .03 .08
Lean mass — — - - 1.00 .16* .24* -.01 -.01 .03 —-.01 —-.01
Calcium intake — — — — — 1.00 22% .05 -.02 —.02 .06 .05
Average PA - - - — — 1.00 -.02 -.01 .01 .02 —-.01
FAS - - — — — — 1.00 13 26" .25* 25*
Mother education — — - — — — — — 1.00 .54* .53* 38"
Father education - - — — — — - - 1.00 36" 48*
Mother occupation — - — — — — - - - 1.00 A43*
Father occupation — — - — — — — — — — — 1.00

BMC = bone mineral content; FAS = Family Affluence Scale; PA = physical activity.

* p<.001.
** p<.01.
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Table 3
Bone mass differences according to FAS in adolescents (n = 322)
Basic model® Model 1° Model 2¢ Model 34
FAS Mean =+ SE Mean =+ SE Mean + SE Mean = SE
Whole body
Low 1986.31 = 68.59 2000.06 + 60.33 1992.06 + 41.63 1981.56 = 67.08
Medium 1978.79 = 22.07 1982.47 = 19.41 1984.97 + 13.40 1980.08 = 21.61
High 2051.08 + 41.48 2033.12 + 36.52 2027.27 = 25.19 2048.27 + 40.74
Total hip
Low 33.37+1.55 33.61 =1.45 33.46 = 1.26 33.26 = 1.51
Medium 31.49 = .49 31.56 = .47 31.59 = 41 31.51 = 49
High 31.45 = .94 31.15 = .88 31.06 = .76 31.43 = .92

SE = standard error.
No significant differences were found (p > .05).
2 Adjusted by confounders (sex and sexual maturation).
b Adjusted by confounders + height.
¢ Adjusted by confounders + lean mass.
4 Adjusted by confounders + calcium intake + average physical activity.

Positive correlations (Table 2) were found among whole-body
and total hip BMC and sexual maturation (.17 <r < .44,p <.01),
height (r = .73, p < .001), lean mass (.79 <r < .83, p < .001),
calcium intake (.12 <r <.23,p <.01),and average PA (.14 <r <
.29, p <.01).In addition, positive correlations were found among
SES indicators (.13 < r < .54, p < .01). Tables 3-5 show the
associations among SES indicators and bone mass-related vari-
ables (whole-body and total hip BMC). No associations were
observed among SES indicators and whole body (all p > .3) or
total hip (all p >.1) BMC, after adjustment for relevant confounders
(i.e., sex, sexual maturation, height, lean mass, calcium intake, and
average PA). Similarly, associations were not found after consider-
ing the individual items that composed the FAS variable (data not
shown). However, grouping low and medium levels of FAS, we

found significant borderline differences in femoral neck BMC (p =
.049) in model 3 (data not shown). Additional analyses were per-
formed in subtotal body, lumbar spine, pelvis, and hip subregions
(femoral neck, trochanter, and intertrochanter), and no association
was observed at these sites either (all p > .05; data not shown).

Discussion

The findings of the present study indicate that SES, as as-
sessed by FAS, parental education, and occupation, is not related
with BMC in adolescents. Confounders, such as lean mass, cal-
cium, and PA, do not seem to have an important role in the
SES-bone mass association.

Model 2¢
Mean = SE

Model 34
Mean = SE

Table 4
Bone mass differences according to parental education in adolescents (n = 322)
Educational level Basic model?® Model 1°
Mean =+ SE Mean =+ SE
Whole body
Mother education
Low 1979.14 = 47.69 2029.59 + 42.26
Low-med 1957.64 = 38.31 1982.93 + 33.79
Med-high 1997.14 = 35.31 1990.93 = 31.06
High 2033.61 = 33.66 1995.01 + 29.87
Father education
Low 1997.58 += 50.28 2044.06 * 44.32
Low-med 1981.37 = 33.71 1990.86 + 29.55
Med-high 1993.74 = 38.92 1988.28 = 34.11
High 2005.52 = 33.38 1979.73 = 29.37
Total hip
Mother education
Low 32.88 £ 1.07 33.74 = 1.01
Low-med 30.39 = .86 30.82 = .81
Med-high 31.28 £.79 31.18 = .74
High 32.47 +.76 31.81 =.71
Father education
Low 3235+ 1.13 33.15 = 1.06
Low-med 31.85 £.76 32.01 £.71
Med-high 31.17 = .88 31.08 = .82
High 3142 .75 30.98 £.71

2002.91 = 29.04
1976.56 + 23.32
2007.09 + 21.49
1998.36 = 20.54

2032.82 + 30.46
1985.06 * 20.39
1984.26 + 23.55
1993.33 + 20.21

33.27 = .88
30.71 £ .71
31.45 £ .65
31.89 = .62

32.93 £.92
31.91 £ .62
31.01 £.71
31.22 = .61

1967.52 + 46.81
1972.26 = 37.73
1993.19 = 34.61
2031.81 £ 32.94

1995.63 = 49.17
1978.89 = 33.02
2004.71 + 38.21
2000.74 + 32.64

32.57 £ 1.05
30.76 = .85
31.16 .78
3244+ .74

3233 £ 1.11
31.76 £ .74
31.46 = .86
31.31 £ .73

SE = standard error.

No significant differences were found (p > .05).
2 Adjusted by confounders (sex and sexual maturation).

a n o

Adjusted by confounders + height.
Adjusted by confounders + lean mass.
Adjusted by confounders + calcium intake + average physical activity.
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Table 5
Bone mass differences according to parental occupation in adolescents (n = 322)
Educational level Basic model® Model 1°
Mean =+ SE Mean =+ SE

Model 2¢
Mean =+ SE

Model 34
Mean = SE

Whole body

Mother occupation

Low 1966.48 = 35.09
Medium 1994.05 = 34.33
High 1969.62 + 35.09

Father occupation

1998.37 = 27.74
1953.21 = 27.23
1989.81 = 27.75

Low 1969.99 = 32.05 2000.28 + 28.44
Medium 1995.74 = 32.01 1983.19 = 28.24
High 2036.66 + 42.97 2005.05 = 38.03
Total hip
Mother occupation
Low 31.35 = .69 31.91 = .59
Medium 31.34 = .68 30.61 = .57
High 30.82 =.95 31.17 =.79
Father occupation
Low 31.27 = .69 31.81 = .65
Medium 31.11 = .69 30.89 = .64
High 32.07 = .93 31.51 = .86

1981.84 + 22.27
1976.04 = 21.79
1976.11 = 30.39

1973.86 = 19.27
2006.69 + 19.25
2009.92 + 25.87

31.61 =.53
31.04 = .52
3092 .73

3137 = .55
31.29 + .55
31.62 =.74

1975.98 + 34.18
1992.44 + 33.38
1954.97 *+ 46.57

1978.61 = 31.38
1990.17 = 31.23
2031.27 = 41.87

31.49 = .67
31.36 = .66
30.49 = .92

31.39 = .68
31.03 = .68
31.99 £ 91

SE = standard error. No significant differences were found (p > .05).
2 Adjusted by confounders (sex and sexual maturation).
b Adjusted by confounders + height.
¢ Adjusted by confounders + lean mass.
4 Adjusted by confounders + calcium intake + average physical activity.

Positive correlations were found among bone-related vari-
ables and sexual maturation, height, lean mass, calcium intake,
and average PA, and therefore, were included as confounders, as
we did in previous studies [30]. The confounders were entered
into the models in consecutive steps to explore their role in the
associations. The basic model included sex and sexual maturation
[34], and no association was found. The additional inclusion of
height (model 1) as a covariate is essential when using DXA
because it is not a 3-D device, and there might be overestimation
of bone mass in taller adolescents. Body composition, especially
lean mass (model 2), has been shown to be a strong predictor of
bone mass in adolescents [30]. Finally, there are other factors
related with lifestyles that have been shown to be associated
with bone mass and also with SES, such as objectively measured
PA[32] and nutrition, especially calcium intake (model 3) [5]. The
inclusion of the previous confounders did not alter the results,
supporting the lack of association between SES and bone. In
addition, it is well known that vigorous PA has been associated
with bone mass [4]. Further analyses were performed using the
vigorous PA as a confounder instead of the average PA and results
remained unchanged (data not shown). Because the acquisition
of bone mass is site-specific [34], it might be that the possible
effect of SES on bone mass could be reflected in other regions.
Secondary analyses performed in regions of clinical relevance to
osteoporosis (lumbar spine and femoral neck) and also in other
skeletal regions (subtotal body, pelvis, trochanter, and intertro-
chanter) confirmed the lack of association between SES and bone.

Some environmental factors, such as PA and nutrition (i.e.,
calcium intake), are associated with SES in adolescents [35]. It
has been shown that adolescents with higher SES (assessed
through father education) were more likely to engage in extra-
curricular sports than those with lower SES [10], and they have
been shown to have higher fitness levels [24], which is also
positively associated with bone mass [33]. In addition, they could
have better nutritional habits, including calcium consumption,
and therefore, to have higher levels of bone mass. The data from

the present study suggest that the differences in SES, assessed by
FAS, parental education, and occupation, are not enough to in-
duce changes on bone mass in Spanish adolescents, after control-
ling for relevant confounders (i.e., PA, calcium intake, and lean
mass). This could be due to the strong influence of genetics on
bone mass. Further studies analyzing the effect of SES on bone,
considering genetics and other environmental and lifestyles fac-
tors, are still needed.

Our results agree with several studies performed with chil-
dren and adolescents. Lantz et al [13] showed that SES (father’s
educational level) had no significant effect on whole-body BMC
and BMD, after adjusting for total energy expenditure, PA,
weight, height, and gender in a sample of 15-year Swedish ado-
lescents. Norris et al [15] showed that SES (caregiver education)
had no significant effect on either femoral neck or lumbar spine
BMC, after adjusting for body size, pubertal development, PA,
habitual dietary calcium intake, and body composition (lean
and/or fat mass) in poor urban South African children. Also in
agreement with our findings, Clark et al [17] showed that SES
(maternal education) was not associated with fracture risk at the
age of 9-11 year, and Lyons et al [18] showed that there was no
association between deprivation (low SES) and fracture risk in
children.

By contrast, literature shows discrepant results. Some studies
reported positive associations among SES and bone-related vari-
ables (i.e., bone age, whole-body BMC and BMD, and distal fore-
arm and calcaneus BMD) in children and adolescents, after taking
into account the role of confounders, such as age, sexual matu-
ration, height, and weight [12-15]. In addition, Arabi et al [36]
showed that boys and girls of higher SES tended to have higher
BMD than those from a lower SES at the subtotal body (whole
body minus head), lumbar spine, forearm, total hip, femoral
neck, and trochanter sites. On the contrary, the study of Clark et
al [16] showed a negative relationship between SES (maternal
education, maternal occupation, and social class) and subtotal BMC
and BMD in children, after adjusting for age, gender, and height.
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Several factors could explain these differences, such as geographical
factors, as well as social and cultural contexts of each country.

Limitations and strengths

Although we controlled for several potential confounders, we
cannot be certain that other unmeasured confounders, such as
genetic variation or dietary intake (i.e., protein intake), have not
influenced our observations. The different methodology used to
assess SES in different studies is a problematic issue. Our study
focused on adolescents from Zaragoza, Spain, as bone mass by
DXA was only assessed in this subsample of the HELENA-CSS, so
the conclusions cannot be generalized to whatever population.
Nevertheless, the lack of differences concerning weight, height,
BM]I, and SES indicators between the study sample and the whole
HELENA-CSS sample indicates that the study sample is represen-
tative of the European adolescents participating in the HELENA
study. Cross-sectional studies only can provide suggestive evi-
dence concerning causal relationships. However, in this specific
case, it seems reasonable to think that SES could influence BMC,
whereas the mechanisms by which bone mass could determine
higher or lower SES are not so clear.

The use of sophisticated methods, such as DXA, to assess body
composition, and the use of accelerometers to assess PA are
strengths of the study. This study includes a rather complete set
of confounders, that is, sex, sexual maturation, height, lean mass,
calcium intake, and average PA, which is crucial to examine the
current research question.

Conclusions

Our data do not support a link between SES (assessed through
FAS, parental education, and parental occupation) and bone mass
in adolescents.
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