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Abstract
Objective: Body fat distribution may be a stronger predictor of metabolic risk than
BMI. Yet, few studies have investigated secular changes in body fat distribution in
middle-income countries or how those changes vary by socioeconomic status
(SES). This study evaluated changes in body fat distribution by SES in
Colombia, a middle-income country where BMI is increasing rapidly.
Design: We applied factor analysis to previously published data to assess secular
changes in adiposity and body fat distribution in cross-sectional samples of urban
Colombian women. Anthropometry was used to assess weight, height and skin-
folds (biceps, triceps, subscapular, suprailiac, thigh, calf).
Setting: Cali, Colombia.
Participants:Women (18–44 years) in 1988–1989 (n 1533) and 2007–2009 (n 577)
from three SES groups.
Results: We identified an overall adiposity factor, which increased between 1988–
1989 and 2007–2008 in all SES groups, particularly in the middle SES group. We
also identified arm, leg and trunk adiposity factors. In all SES groups, leg adiposity
decreased, while trunk and arm adiposity increased.
Conclusions: Factor analysis highlighted three trends that were not readily visible
in BMI data and variable-by-variable analysis of skinfolds: (i) overall adiposity
increased between time periods in all SES groups; (ii) the adiposity increase
was driven by a shift from lower body to upper body; (iii) the adiposity increase
was greatest in the middle SES group. Factor analysis provided novel insights into
secular changes and socioeconomic variation in body fat distribution during a
period of rapid economic development in a middle-income country.
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Socioeconomic transitions occurring in middle-income
countries are accompanied by increases in obesity and
related co-morbidities such as diabetes and CVD(1–3).
Obesity is typically assessed in terms of BMI, a measure
of weight-for-height which is used as a proxy for adiposity
but is not a measure of body composition or body fat dis-
tribution. In recent years, however, it has become increas-
ingly clear that the distribution of body fat may be a
stronger predictor of metabolic and cardiovascular risk
compared to BMI or total adiposity alone(4).

Specifically, studies have shown that adiposity on the
trunk of the body v. on the periphery (e.g. limbs) exerts
an independent, and sometimes opposite, effect on

cardiometabolic outcomes and mortality(5,6). Indeed, lower
body (legs) adiposity appears to be protective against cardi-
ometabolic risks relative to upper body adiposity, when con-
trolled for total adiposity(7,8). Despite the critical role of body
fat distribution in understanding chronic disease risk, the pos-
sibility that increases in obesity in middle-income countries
are also accompanied by changes in body fat distribution
has received little attention. Additionally, given the well-
established relationship between socioeconomic status
(SES) and BMI observed in middle-income countries(9–11),
it is also possible that body fat distribution, and its concomi-
tant health implications, may differ according to SES in these
settings.
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The most commonly used indicators of body fat distri-
bution in population-based studies in resource-limited
settings, such as middle-income countries, are body
circumferences and measures of subcutaneous skinfold
thickness(12), which can provide discrete data points at
twelve or more different locations on the upper and lower
body. These multiple measures of adiposity can be diffi-
cult to interpret since the individual measures all provide
unique information but are generally correlated with each
other, and researchers must consider several differences
and comparisons simultaneously. This is problematic for
sets of related variables such as skinfold measures which
are treated as providing independent information (e.g.
adiposity at different bodily sites), yet also as measuring
aspects of a single underlying source of variation (e.g.
overall adiposity). For example, ratios of individual skin-
folds, such as the subscapular–triceps ratio, are used as
measures of body fat distribution. At the same time, indi-
vidual skinfold measures are also entered into equations
for predicting total body fat(13), or are simply added
together to calculate variables such as the sum of four
or six skinfolds. Here, we show how a multivariate statis-
tical approach – namely, factor analysis – can aid in the
interpretation of secular changes in body fat distribution
and overall adiposity while minimising the problems asso-
ciated with an individual variable-by-variable analysis.

Factor analysis is a multivariate approach that
describes a set of observed variables in terms of a smaller
number of latent (i.e. unobserved) variables or factors.
These factors are constructed as linear combinations of
the observed variables that account for the maximum
amount of variability in the original data. Factor analysis
can be used to reduce the dimensionality of a dataset, that
is, to include fewer variables in an analysis while main-
taining most of the information contained in the original
dataset. Factor analysis is also used to interpret the shared
variation in a dataset in terms of underlying constructs that
may not be directly measurable. In the present context,
this approach allows us to analyse all skinfold measures
simultaneously, parsing the unique contributions of each
skinfold from the shared variability among all skinfolds.
The approach also provides the opportunity to explore
the pattern of adiposity that may not be readily apparent
when interpreting individual skinfold measures.

In this analysis, we use previously published data from
two separate cross-sectional anthropometric surveys of
women in the city of Cali, Colombia(14). The surveys brack-
eted a 20-year period (1988–1989 and 2007–2008) during
which Colombia showed rapid economic development(15).
The anthropometric surveys documented increases in
body weight as well as stature but no significant change
in mean BMI, except for a small increase in the lowest
SES group. In approximately the same period of time
(1995–2005), there was a 40 % increase in the burden of
chronic disease in Colombia, of which CVD is a leading
contributor(16). Indeed, given this shift in disease burden,

the lack of clear increases in BMI found in the original
study(14) was surprising in light of the expected link
between obesity and chronic disease(1–3). Thus, using a
novel analytic approach to understand changes in both
overall adiposity and body fat distribution in a middle-
income country during a period of economic development
and increased chronic disease burden may help to inform
public health practices in similar contexts.

To more precisely understand changes in adiposity
during a period of rapid economic transition in
Colombia, the current paper focuses explicitly on shifts
in adiposity and body fat distribution between time periods
in the Cali dataset. These are the only data of which we are
aware that provide skinfoldmeasurements in the lower and
upper body, and hence can document secular changes in
overall adiposity as well as whole-body fat distribution.

Although these data are from 1988–1989 to 2007–2008,
they are relevant to current public health practice for two
primary reasons. First, understanding changes in body fat
distribution and overall adiposity over time is critical for
identifying modifiable targets for interventions to reduce
the burden of chronic disease in middle-income countries,
and few studies provide comparable skinfold data at multi-
ple time points. Second, unfavourable shifts in body fat
distribution were not readily apparent in the original analy-
sis of Colombian BMI data and skinfold measures using
more traditional analytic methods(14). Studies that use such
methods to assess changes in adiposity between time
points may similarly fail to identify or underestimate
population-level shifts in body fat distribution that have
important implications for public health practice. The novel
analytic approach used in the current paper may be appli-
cable to the broader public health and nutrition commun-
ities because it allows for better interpretation of multiple,
interrelated biological variables. Our goals were to (i) use
factor analysis to better understand secular changes in
overall adiposity and body fat distribution in Cali women,
and (ii) determine if these changes vary by SES.

Methods

Study participants and data collectionmethods are discussed
in detail in the original analysis(14) and are summarised
briefly here. Participants in both the 1988–1989 (n 1553)
and 2007–2008 (n 577) studies were distinct cross-sectional
samples of two different groups ofwomen aged 18–44 living
in the city of Cali. In both studies, a socioeconomically
diverse sample of participants was recruited as a conven-
ience sample from medical clinics (staff and non-patients),
private schools, a government institute and a health club.
Only womenwho self-reported as healthy and not pregnant
or lactating were enrolled in the studies.

In both the 1988–1989 and 2007–2008 studies, the SES of
participants was defined in terms of their residential address
using the classification system of the city of Cali (EMCALI,
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unpublished results)(17). In this system, each city block is
classified into one of six estratos (strata) based on the exter-
nal appearance of the houses, access to municipal services
and the condition of streets. The six estratos are compressed
into three SES groups for analysis: estratos one and two –

lower; estratos three and four – middle; estratos five and
six – higher.

In both the 1988–1989 and 2007–2008 studies, anthropo-
metric measurements were taken by the same experienced
technician following standardised procedures(18). Height
(m) was measured with a Harpenden stadiometer, and
weight (kg) with a digital Seca scale. Skinfold thicknesses
(mm) were measured in triplicate with a Lange skinfold
calliper at six sites: triceps, biceps, subscapular, suprailiac,
mid-thigh and medial calf. Waist circumference (WC; cm)
was measured in duplicate with a flexible steel tape. BMI
was calculated as weight (kg)/height (m2).

Statistical analysis
We applied a factor analysis to the six skinfold variables
reported in the original analysis(14). While previous
researchers have employed multivariate methods to
analyse sets of skinfold measurements, most of these stud-
ies date from the 1990s, and most used principal compo-
nents analysis rather than factor analysis(19–21). Principal
components analysis partitions the total variability in the
dataset, including unique and error variability, but factor
analysis partitions shared variability only(22). Therefore,
factor analysis is better suited to our goal of identifying
and interpreting latent variables in the dataset.

We used the maximum likelihood method of factor
extraction. This allowed us to subsequently use Bartlett’s
test for sphericity to test for the sufficiency of the number
of factors extracted from the pooled data(23). Skinfold data
from the 1988–1989 and 2007–2008 studies were pooled to
allow for the extraction of common factors that could
be directly compared between the two time periods.
Following the initial factor extraction, the varimax method
was used for orthogonal rotation of factors. This method
aids the interpretation of factors by maximising the vari-
ance accounted for by each factor while keeping the
factors orthogonal (i.e. uncorrelated) and without altering
the multivariate relationship among individual data
points(24,25). We report factor loadings, that is, the correla-
tion between an initial skinfold variable and a factor, for
each extracted factor both before and after varimax rota-
tion. The strength of factor loadings was used to interpret
and label the factors in biological terms. We placed our
factors’ labels in italics and quotation marks (e.g. ‘overall
adiposity’) to emphasise that the labels reflect our own
interpretations of the data.

For both un-rotated and rotated factors, we calculated
individual factor scores for each subject, which are inter-
pretable as standard scores (i.e. z-scores) in units of stan-
dard deviations with a mean of zero. Subsequently, we

used independent samples t-tests with Tukey–Kramer cor-
rection for multiple comparisons to compare mean age,
height, weight and factor scores between time periods
within each SES group. Pearson’s χ2 test was used to assess
the distribution of SES groups by time period, with
Cramer’s V as the measure of association. Correlation
analysis (Pearson’s r) and ordinary least squares regression
were used to assess the associations among age, height,
weight, waist circumference and factor scores. We used
ANCOVA to compare mean factor scores between time
periods while controlling for potential confounding effects
of age and height. Factor analyses and statistical tests were
conducted in JMP Pro 12 with statistical significance set at
P< 0·05 (two-sided). Figures were created in SigmaPlot 12.5.

Results

Sample characteristics
Sample sizes by SES groups and time periods are shown in
Table 1. There was a significant association between SES
and time period, but the measure of association was weak.

Mean age, height and weight of women by SES group in
both time periods are shown in Table 2. For all SES groups,
the 2007–2008 sample was significantly older, taller and
heavier. Also, in both time periods, age was positively
correlated with weight and skinfold measures (data
not shown).

Factor loadings
The factor analysis resulted in three factors extracted from
the pooled 1988–1989 and 2007–2008 data (Bartlett’s test of
sphericity, χ2= 326·0, df= 4, P < 0·001), together account-
ing for 72·2 % of the total variation in the skinfold data. We
first present the loadings for the three factors before rota-
tion (Table 3). We interpret the first of these factors, which
accounts for 56·6 % of total variation and is loaded posi-
tively on all six skinfold variables, as an ‘overall adiposity’
factor.

Factor loadings for the varimax-rotated solution are
shown in Table 4. Here, each of the three extracted factors
accounts for between 23 and 26 % of total variation.
Factor 1 loads strongly on triceps and biceps skinfolds, with

Table 1 Comparison (χ2) of sample sizes by socioeconomic status
(SES) groups between time periods

1988–1989 2007–2008

n % n %

Higher SES 454 29·2 93 16·1
Middle SES 586 37·7 267 46·3
Lower SES 513 33·0 217 37·6
χ2 (df) 38·41 (2)
P <0·001
Cramer’s V 0·134
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moderate loadings on subscapular and suprailiac skinfolds.
Factor 2 loads strongly on mid-thigh and medial calf
skinfolds, with a moderate loading on the triceps skinfold.
Finally, factor 3 loads strongly on subscapular and suprail-
iac skinfolds, with moderate loadings on biceps and triceps
skinfolds.

We interpret the three rotated factors as follows. Factor 1
is an arm adiposity factor (‘arms’), reflecting adiposity
mainly in the biceps and triceps depots of the arms, with
some contribution from the subscapular and suprailiac
depots of the trunk. Factor 2 is a leg adiposity factor (‘legs’),

reflecting adiposity in the mid-thigh and medial calf depots
of the legs. Factor 3 is a trunk adiposity factor (‘trunk’),
reflecting adiposity mainly in the subscapular and suprail-
iac depots of the trunk, with some contribution from the
biceps and triceps depots of the arms.

Correlations among factors and anthropometric
variables
The ‘overall adiposity’ factor was positively correlated
with weight in all SES groups in both time periods
(0·68≤ r≤ 0·82, P< 0·001 in all cases; Fig. 1), but not
significantly correlatedwith height in any SES group or time
period (0·02 ≤ |r|≤ 0·09, P> 0·05 in all cases; Fig. 1).
Additionally, the ‘overall adiposity’ factor was positively
correlated with WC in all SES groups and time periods
(0·68≤ r≤ 0·82, P < 0·001 in all cases; Fig. 1). Finally, all
three of the rotated factors (‘arms’, ‘legs’ and ‘trunk’) were
positively correlated with WC in all SES groups and time
periods (0·33≤ r≤ 0·69, P< 0·001 in all cases; data
not shown).

Changes between time periods within SES groups
Table 5 and Fig. 2 show changes in the means of factor
scores for the extracted adiposity factors (‘overall’, ‘arms’,
‘legs’ and ‘trunk’) between time periods in each SES group.
Mean ‘overall adiposity’ factor scores increased signifi-
cantly from 1988–1989 to 2007–2008 in all SES groups, with
the smallest increase in the higher SES group and the largest
increase in the middle SES group. Means of ‘arms’ and
‘trunk’ factor scores also increased significantly between
time periods in all SES groups. For the ‘arms’ factor, the
smallest increase was observed in the higher SES group,
with a lesser (but equal) increase in lower and middle
SES groups. For the ‘trunk’ factor, the smallest increase
was in the lower SES group, with the largest increase in
the middle SES group. Lastly, mean ‘legs’ factor scores
decreased significantly between 1988–1989 and 2007–
2008 in all SES groups, with the smallest decrease in the

Table 2 Comparisons (t-tests) of age, height and weight between time periods within socioeconomic status
(SES) groups

Variable

1988–1989 2007–2008

t df PMean SD Mean SD

Age (years)
Higher SES 29·0 7·0 32·2 8·4 3·94 545 <0·001
Middle SES 28·6 7·0 32·3 7·4 7·01 851 <0·001
Lower SES 29·9 7·1 31·5 7·9 2·70 728 0·007

Height (m)
Higher SES 1·58 0·06 1·61 0·07 4·61 545 <0·001
Middle SES 1·53 0·06 1·59 0·06 12·64 851 <0·001
Lower SES 1·53 0·06 1·56 0·06 6·92 728 <0·001

Weight (kg)
Higher SES 56·5 7·5 59·4 9·1 3·29 545 0·001
Middle SES 55·1 7·6 61·3 10·3 9·92 851 <0·001
Lower SES 57·0 9·9 63·7 12·3 7·80 728 <0·001

Table 3 Factor loadings for initial un-rotated solution. Three
factors extracted, accounting for 72·2% of variation

Variable

Factor loadings (un-rotated)

Factor 1 Factor 2 Factor 3

Triceps 0·87 –0·06 –0·24
Biceps 0·85 –0·24 –0·15
Subscapular 0·87 –0·10 0·26
Suprailiac 0·73 –0·03 0·29
Mid-thigh 0·61 0·59 0·02
Medial calf 0·51 0·52 –0·10
Variance explained 56·6% 11·6% 4·0%

Table 4 Factor loadings after varimax rotation. Three factors
extracted, accounting for 72·2% of variation. Bold corresponds
to stronger loadings

Variable

Factor loadings (varimax)

Factor 1 Factor 2 Factor 3

Triceps 0·76 0·35 0·35
Biceps 0·76 0·17 0·44
Subscapular 0·47 0·25 0·74
Suprailiac 0·33 0·26 0·67
Mid-thigh 0·16 0·79 0·27
Medial calf 0·20 0·70 0·13
Variance explained 25·8% 23·2% 23·2%
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lower SES group and a greater (but equal) decrease in the
middle and higher SES groups.

To control for potential confounding effects of age and
height on adiposity factor scores, we repeated these
comparisons with ANCOVA, using age and height as
covariates. In all cases, the main effect of time period on
adiposity factor scores remained significant at P≤ 0·009.

Discussion

Our goals in this paper were to (i) better understand secular
changes in body fat distribution in Cali women, and (ii)
determine if these changes vary by SES. To accomplish that,

we applied a multivariate method that is particularly well
suited to the analysis of intercorrelated biological variables
in a variety of populations – factor analysis. The re-analysis
highlighted three features of the original data set that were
not readily apparent in the variable-by-variable analysis of
discrete skinfold measurements or BMI.

First, our initial factor analysis provided a measure of
‘overall adiposity’ that increased significantly between time
periods in all SES groups. The magnitude of increases in
‘overall adiposity’ scores, between þ0·54 and þ0·86 SDs,
suggests a substantial increase in the aspect of body fatness
measured by this factor. This measure was highly corre-
lated with body weight, but not height, an observation that
increased our confidence that the ‘overall adiposity’ factor
was not tracking overall body size, but rather a dimension
of body weight that was independent of height, that is, adi-
posity. The overall increases in adiposity were not evident
when BMI was used as a proxy for adiposity in the original
study(14): mean BMI only increased significantly in the
lower SES group, and that increase was small (1·5 kg/m2

over 20 years).
The relative lack of changes in BMI stems from the fact

that although weight increased between time periods in all
SES groups, so did height. Thus, the effect of increases in
weight were attenuated by a concurrent secular change
in height. Our re-analysis suggests that adiposity did, in fact,
increase in this sample over time, even though the most
commonly used indicator of obesity – BMI – did not.
Unlike BMI, our ‘overall adiposity’ factor was not correlated
with height, and the changes in ‘overall adiposity’ scores
between time periods remained statistically significant after
controlling for height and age. Therefore, the change in
‘overall adiposity’ between 1988–1989 and 2007–2008
was unlikely to be an artefact of increased height between
these time periods. Also, although the SES distribution
differed in the 1988–1989 and 2007–2008 samples, it was
unlikely that these differences introduced bias for two rea-
sons: the magnitude of difference in the distribution was
small, and our analysis focused on changes within each
SES group rather than on SES itself as a driver of adiposity.

Furthermore, the ‘overall adiposity’ factor was positively
correlatedwithWC in all SES groups and both time periods.
WC is a commonly measured variable in nutritional epi-
demiology due to its strong association with numerous
health risks, including hypertension, type 2 diabetes
mellitus and CVD(26–30). Thus, the association between
our ‘overall adiposity’ factor and WC further suggests that
the ‘overall adiposity’ factor may be a biologically meaning-
ful indicator of health risks.

Second, following varimax rotation, our factor analysis
distinguished a pattern of body fat distribution in which
the increases in adipositywere restricted to the upper body,
that is, ‘trunk’ and ‘arms’; adiposity actually decreased in
the lower body, that is, ‘legs’. These changes were generally
consistent with the changes in individual skinfolds origi-
nally reported(14). However, given the opposite direction
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Fig. 1 Relationship among ‘overall adiposity’ score, weight (kg),
height (m) andwaist circumference (cm)within each time period,
with ordinary least squares regression lines. Correlations in both
time periods are statistically significant between ‘overall adipos-
ity’ score and weight (r> 0·743, P< 0·001 in both cases) and
between ‘overall adiposity’ score and waist circumference
(r > 0·717,P< 0·001 in both cases). Correlations between ‘over-
all adiposity’ score and height are not significant in either time
period (|r| < 0·042, P≥ 0·275 in both cases)
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of adiposity changes in the upper and lower body, it was
difficult to judge from the original variable-by-variable
analysis if overall adiposity had increased. Hence, our fac-
tor analytic approach more clearly demonstrated that the
general adiposity increase observed in this population
was driven by an increase in upper body fatness specifi-
cally. The magnitude of changes suggests a meaningful
shift in the aspects of adiposity measured by these factors.
Overall, the smallest change was the increase in ‘trunk’

adiposity in the lower SES group (þ0·21 SDs), while the
greatest change was the ‘arms’ adiposity increase in both
lower and middle SES groups (þ1·15 SDs). The potential
health implications of this increase in upper body fatness
in conjunction with decreased leg fatness are unclear.

The distinctions in the pattern of subcutaneous fat dis-
tribution we found are in reasonable agreement with the
results from studies conducted in the 1970s, 1980s and
1990s usingmultivariate techniques (principal components
analysis and factor analysis) to analyse skinfold data in a
variety of populations. For example, principal components
of overall fatness, trunk v. extremity fatness and upper v.
lower body fatness were uncovered in adults and children
in a re-analysis of forty-four samples of anthropometric
data(31,32). Indices of trunk v. extremity fatness were also
reported among Polish adults(33) and among Mexican-
American children(19). These previous studies of skinfold
data, having uncovered the patterns of body fat distribution
similar to those in the current study, provide a good basis
for between-group comparisons and for our cross-sectional
examination of changes between time periods.

Third, in our re-analysis, we found that the increase in
‘overall adiposity’ and ‘trunk’ adiposity specifically was
greatest in the middle SES group. This was not evident in
the original analysis using WC and waist–hip ratio
(WHR) as indices of truncal fat deposition: WC increased
in all groups, but WHR only increased in lower and higher
SES groups(14). Hence, the assumption was that the middle
SES group had experienced less of an increase in truncal
body fat than the other two groups. Since the ‘trunk’ factor
was positively correlated with WC, the ‘trunk’ adiposity
data suggest that the greatest increase in adiposity-related
health risk occurred within the middle SES group. Thus, the
factor analysis approach revealed a potential health risk

Table 5 Comparisons (t-tests) of adiposity factor scores between time periods within socioeconomic status (SES) groups

Factor

1988–1989
factor scores

2007–2008
factor scores

Difference t df P *Mean SD Mean SD

‘Overall adiposity’
Higher SES –0·33 0·76 0·21 0·96 þ0·54 5·93 545 <0·001
Middle SES –0·23 0·79 0·63 1·04 þ0·86 13·36 851 <0·001
Lower SES –0·09 0·91 0·66 1·16 þ0·75 9·29 728 <0·001

‘Arms’
Higher SES –0·13 0·55 0·70 0·72 þ0·83 12·52 545 <0·001
Middle SES –0·32 0·63 0·82 0·80 þ1·15 22·52 851 <0·001
Lower SES –0·39 0·75 0·76 0·94 þ1·15 17·50 728 <0·001

‘Legs’
Higher SES 0·03 0·80 –0·55 0·69 –0·58 –6·51 545 <0·001
Middle SES 0·29 0·86 –0·29 0·72 –0·58 –9·53 851 <0·001
Lower SES 0·03 0·86 –0·33 0·87 –0·36 –5·20 728 <0·001

‘Trunk’
Higher SES –0·42 0·69 –0·04 0·80 þ0·38 4·67 545 <0·001
Middle SES –0·24 0·67 0·33 0·87 þ0·56 10·33 851 <0·001
Lower SES 0·28 0·80 0·49 0·79 þ0·21 3·24 728 0·001

*Tukey–Kramer adjustment for multiple comparisons.
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that was not readily apparent in the original variable-
by-variable analysis of individual skinfold measures(14).

Comparable data on secular changes in body fat distri-
bution in reproductive-age women are limited, and most
focused onWC and/orWHR as indices of truncal adiposity;
only a few studies reported skinfold data. Reports from
developing countries during periods of significant eco-
nomic change are of particular interest. For example, an
increase in WC was found in 20-year-old female students
in Slovenia over a 30-year period (1964–1965 to
2008)(34). It is noteworthy that this change occurred in
the absence of a change in BMI. A 12-year (1999–2012)
increase in WC was also reported in Mexican women of
reproductive age(35). It was accompanied by an increase
in BMI, but interpreted as an increase in truncal adiposity,
because the increases in WC were greater than expected
for a given BMI. Data for reproductive-age women in
developed countries (USA, Mexico, Canada, Sweden,
Finland) in the past ~50 years also provide evidence of
an increase in WC in the absence of a change in mean
BMI, or an increase in WC greater than expected for the
change in BMI(35–38). In all cases, WC increases are inter-
preted as changes in the distribution of body fat to a more
truncal pattern, but since the data are limited to the upper
body, they are incomplete measures of fat distribution.
However, observations that hip circumferences were
smaller, or unchanged, in more recent cohorts of
Scandinavian women(37,38) suggest that fat was being
preferentially deposited in the upper rather than lower
body. Several studies alsomeasured skinfolds and reported
secular increases in subcutaneous fatness(34,36,38), but all of
the skinfolds were on the upper body, or reported as the
sum of skinfolds, and hence limit our understanding of
possible changes in fat distribution over the whole body.

The upper v. lower body sites of fat deposition matter in
terms of health outcomes. It is generally accepted that
higher levels of abdominal and trunk fat are associatedwith
greater obesity-related comorbidities, and lower body
adipose tissue depots are thought to be associated with
decreased CVD risk(4). For example, a number of studies
using imaging technologies such as dual-energy X-ray
absorptiometry (DXA) have shown that, after controlling
for total adiposity, higher leg adiposity is associated with
lower CVD risk in the US and British women over a wide
age range (18–64 years)(5,8), pre-menopausal European
women(39) and even severely obese women(40). Indeed,
the association is stronger in more obese women.

The health significance of fat depots on the arms is less
clear. Arm fat has been reported to be associated with
greater CVD risk in US adult women(5). In contrast, other
studies have found no association of arm fat with increased
risk of type 2 diabetes mellitus or CVD in adult women(8,39).
Reasons for these disparate results are not readily apparent,
but could be related to participant age: abdominal fat
deposition increases post menopause, and arm fat also
increases until 60–70 years(41,42).

In Cali, the changes in body fat distribution between
1988–1989 and 2007–2008 occurred in the context of an
ongoing period of economic development, but causal link-
ages are not readily apparent. The general assumption is
that nutrition transitions in middle-income countries such
as Colombia involve changes in lifestyle, especially in diet
and physical activity(43). Results of studies attempting to
link changes in lifestyle to both overall adiposity and body
fat distribution are contradictory. Studies of Scandinavian
women have not been able to link increases in WC to life-
style changes (alcohol consumption, smoking, physical
activity) between 1980–1981 and 1992–1993(37,38). In con-
trast, increases in WC in US women between 1988 and
2010 have been linked to decreases in self-reported physi-
cal activity(44), although other studies have not demon-
strated a strong link between physical activity and
abdominal (specifically visceral) adiposity(45,46).

The strengths of the present study, a re-analysis of sec-
ular changes in adiposity in urban women in three SES
groups in a developing country, include the use of factor
analysis to understand intercorrelated biological variables
and the potential for the application of this method to other
populations. Factor analysis allowed us to analyse all
skinfold measures simultaneously and helped reveal the
underlying patterns within body fat distribution data, sug-
gesting avenues for future population health monitoring.
Public health and nutrition scientists interested in body
fat distribution can benefit from using factor analysis to
interpret skinfold data, especially for assessing secular
changes, because typical analytic approaches may fail to
identify or underestimate important population changes
in human biology.

Could factor analysis also be useful in analysing more
direct measures of body fat, such as those provided by
imaging technologies such as DXA scans? Presumably
yes, because a number of studies have demonstrated good
agreement between estimates of total and extremity fat
mass derived from skinfolds and their DXA ana-
logues(12,47,48). Further, analyses of intercorrelated biologi-
cal variables, such as nutritional biomarkers, biological
measures of stress and mental health outcomes, could also
benefit from factor analysis, a low-cost analytical approach
that is easily implemented in current statistical packages.

Another strength of our study is the use of anthropomet-
ric data from reasonably large samples, collected by the
same technician using the same equipment and tech-
niques, which reduced measurement error, and at time
points that bracketed a period of significant economic
change. Further, skinfold data from different time periods
within the same setting are scarce among Latin American
countries, and most studies relied solely on BMI to assess
secular changes in adiposity(10,11). We also recognise the
limitations of the data. Our samples were cross-sectional
convenience samples from one urban area. We were not
able to assess lifestyle changes which may have been asso-
ciated with changes in body fat distribution. Additional
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studies incorporating multiple measures of body fat
distribution over time are needed to fully understand the
transition in body composition in this population.

Conclusions

We used factor analysis to re-examine secular changes in
adiposity and body fat distribution among women in
Cali, Colombia, between 1988–1989 and 2007–2008, a
period of rapid economic development and increased
chronic disease burden in this middle-income country.
Factor analysis provides a parsimonious method of
analysing large datasets of intercorrelated anthropometric
variables, such as skinfolds. We found that this method
highlighted three trends that were not readily visible in
the original analysis of skinfold data(14). First, overall adi-
posity increased between time periods in all three SES
groups, a change that was not apparent in the original
analysis using BMI as a proxy. Second, the increase in
adiposity was greatest in the middle SES group. Third,
the overall adiposity increase was driven by a shift in adi-
posity from the lower to upper body, a shift associated with
increased health risks. Factor analysis provided novel
insights into secular changes and socioeconomic variation
in body fat distribution during a period of rapid economic
development in Colombia.
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