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Factor analysis, a more accurate method to be used in
epidemiological studies of blood pressure in children [16]
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Introduction

hen comparing blood preéssure (BP)

in children from the same or diffe-

rent populations, one faces the pro-
blem of having to consider other characteris-
tics along with BP measurements. Age and
weight, for instance, dictate whether a given
BP measurement should indicate high blood
pressure or not. Sexual maturity and skinfold
also have a role in setting standards or ex-
pected values for the BP, as different ponde-
ral development levels determine different
BP expected in children of the same age '™,
Thence, prior to any comparative study, ta-
bles or indices must be obtained to convert
BP measurements into standard values,
where characteristics such as age, weight
and sexual maturity have been accounted
for.
Hitherto, the only tables available which pro-
vided standard BP values in children were
those published in the Report of the Second
Task Force on Blood Pressure Control in Chil-
dren @, Such tables apply to a particular po-
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pulation, thereby being of little interest when
assessing other populations.

This study describes a general methodology
which allows the construction of indices {sco-
res) to compare the cardiovascular characte-
ristics of children. In producing such an index,
a new viewpoint is explored, leading to the
use of factor analysis (FA) instead of regressi-
ons as statistical tools *“. We show that the

-index obtained effectively removes the influ-

ence of age, weight, height and other charac-
teristics specific to each case, while displaying
high sensitivity to cardiovascular characteris-
tics. This index yields, for each subject, a uni-
que standardised value between -3 and +3
showing, in standard deviation units, the devi-
ation of BP from that expected for age, weight
and other characteristics.

Material and methods

Schoolchildren aged 5 to 18 years old from
regions of the North of Portugal with diffe-
rent and very specific socio-economic and
geographical characteristics were screened,
along with their siblings and parents during
a two year period. The sample of 889 chil-
dren consisted of 389 boys and 500 girls.
Blood pressure (BP), age (A), weight (W),
height (H), skinfold (Sk), sexual maturation
(SM), body mass index (BMI), rurality (Z) and
genital development (GD), were the variables
studied. Blood pressure was measured with
a mercury sphygmomanometer on the right
arm, the subject seated and the arm exten-
ded over a table at heart level. A set of diffe-
rent-sized cuffs were used. The cuff bladder
used was wide enough to cover at least
two-thirds of the arm completely, without
overlapping ®. The mean of six readings ta-
ken by two observers was considered the BP
value of each patient®. First and fifth phases
of Korotkoff sounds were recorded as systo-
lic blood pressure {SBP) and diastolic biood
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pressure (DPB), respectively . Height was
measured by a standard anthropometric me-
thod with the subject standing barefoot.
Weight was obtained with the subject wea-
ring only shorts and without shoes, on a ba-
lanced standard scale. Skinfold was measu-
red with a Lange skinfold caliper®. To assess
relative body heaviness, BMI {(weight/ height?,
in Kg/m?) was calculated for each individual ®.
Sexual maturation was classified according
to the Tanner criteria "', Z is an index re-
flecting each region’s degree of rurality. Ge-
nital development reflects progress in sexual
maturity: both sexually mature subjects and
young children exhibit GD=0 whereas ado-
lescents will have positive GD in different de-
grees.

All calcuilations were carried out with the use
of an SPSS statistical package "2. Distributio-
nal characteristics of the above variables
were assessed prior to any statistical mani-
pulation. Variables showing lognormality ra-
ther than normality were applied to the ap-

propriate logarithmic transformation (all of

them except DBP and Z). Lognormality is éx-
pected in children in variables such as
weight and height because they are in a gro-
wing phase. After logarithmic transforma-
tion, variables reflect growth and exhibit ske-
weness and kurtosis consistent with the
normality hypothesis ",

Regression Analysis

Regression analysis is a statistical technique
which assesses the relationship between one
dependent variable {DV) and several inde-
pendent variables (IVs) ®"'™, Regressions are
often used when the intent of the analysis is
the prediction of DV, or the assessement of
deviations from prediction.

The result of a regression analysis is an
equation representing the best prediction of
a DV from several continuous IVs. Regressi-
ons will be appropriate when each IV is
strongly correlated with the DV, but weakly
correlated with other IVs. Each IV is expected
to predict a substantial and independent seg-
ment of the variability in the DV. Only statis-
ticaily significant IVs are accepted by the al-
gorithm and, as a result of such a selection
of variables, the final regression model will
contain only those variablcs cble to provide
good prediction of DV on purely statistical
grounds. .

When trying to build BP indices using regres-
sions, one faces two major difficulties.
Firstly, since there are two cardiovascular
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measurements per subject (SBP and DBP),
two indices are obtained, not just one. This
is awkward since, underlying those two vari-
ables, there is only a single physiological
characteristic. Indeed, it would be desirable
to obtain, only one value reflecting such an

. underlying physiological characteristic ins-

tead of two indices. Secondly, as shown in
the results, regressions discard many mea-
ningful variables with the potential to explain
BP and consequently show little ability to ex-
plain variability in SBP and DBP. Clearly,
when trying to explain the variability of SBP
and DBP separately, some information is
lost, mostly that reflecting the common
physiological principle underlying the above
two measurements.

Factor Analysis

In order to overcome the above two limitati-
ons, our study proposes adopting a statisti-
cal methodology called factor analysis (FA)
e478 ingtead of regressions.

Factor analysis uncovers coherent subsets of
variables. Groups of variables that are corre-
lated with one another, but largely indepen-
dent of other variables, are combined into
the same factors. The specific goal of FA is
to summarize patterns of correlations among
observed variables so as to reduce a large
number of observed variables to a smaller
number of factors, thus providing an operati-
onal definition, based on observed variables,
for an underlying common principle ™.

When reducing numerous variables down to
a few factors, FA produces linear combinati-
ons of observed variables, each combination
being a factor. The first factor to be compu-
ted is the linear combination of observed va-
riables which is able to explain the maxi-
mum amount of variance and co-variance of
those observed variables. The second factor
then performs the same operation on the va-
riance and co-variance left unexplained by
the first factor. Thus, the second factor is
the linear combination of observed variables

Jwhich explains maximum variability uncorre-

lated with the first factor, and so on. In
a good FA, a high percentage of the variance
and co-variance present in the observed vari-
ables is accounted for by the first few fac-
tors. .

Since factors summarize patterns of correlati-
ons in the observed correlation matrix, they
can be used to reproduce such an observed
correlation matrix. Inclusion of many factors
in a given FA would improve the similarity




between observed and reproduced correla-
tion matrices since the more factors extrac-
ted, the better the fit and the greater the per-
‘centage of variance in the data «explained»
by the factor solution. However, the more
factors extracted, the less parsimonious the
solution. An estimation of the number of fac-
tors to extract is obtained from observing the
amount of variance and co-variance explai-
ned by each factor. This amount is called the
«Eigenvalue» of the factor. Since Eigenvalues
represent standardised variance, the variance
that each standardised observed variable
contributes to the overall variability is 1, thus
a factor exhibiting an Eigenvalue less than 1
is not as important, from a variance perspec-
tive, as an observed variable. (Table |, Il and
).

After extraction, orthogonal rotation of fac-
tors ® is often used to improve the interpre-
tability and scientific utility of the solution.
in our case, epidemiological variables listed
above were the object of FA and, as a result,
three factors emerged, each of them repro-
ducing a distinctive physiological feature.
One such feature is blood pressure. There-
fore, the factor reproducing BP can be used
as an index where the other physiological fe-
atures are accounted for. Interestingly, im-
provements in explained variability over re-
gressions are very significant. Both SBP and
DBP are explained to a large extent, without
losing the information contained in our set of
epidemiological variables.

Results

In this section, the use of factor analysis to
build our cardiovascular index is confronted
with the same attempt using regressions.

The following tables present the results of
applying factor analysis to our data, for both

TABLE |
FACTOR ANALYSIS. FACTORS AND THEIR EI-
GENVALUES. MALES AND FEMALES

Factors Eigenvalue Eigenvalue in Pct Cum. Pet
M F M F m F
1 466 518 51.8 57.6 518 57.6
2 1.50 1.29 16.8 14.4 63.6 72.0
3 1.08 1.03 12.1 115 30.7 835
4 0.71  0.59 7.9 6.6 836 903
5 0.40 0.56 45 5.6 921 N2
6 028 0.34 ) 3.1 39 93.9 940
7 0.23 0.26 2.6 29 97.1 969
8 0.09 0.18 1.9 20 99.0 99.0
9 0.09 0.09 11 1.0 99.9 999
10 0.006 0.006 0.1 0.1 100.0 100.0

TABLE Il

FACTOR ANALYSIS. CORRELATION BETWEEN
THE VARIABLES AND THE 3 FACTORS EX-
TRACTED. MALES.

Variables Factor 1 Factor 2 Factor 3
‘ln weight 0.96

In sex. mat. 0.90

In height 0.89

In age 0.87

In BMI 0.81

In skinfoid 0.86

4 0.79

In GD 0.61

DBP 0.98
In SBP 0.66

In - logaritmo natural.

TABLE Il
FACTOR ANALYSIS. CORRELATION BETWEEN
THE VARIABLES AND THE 3 FACTORS - FEMALE

Variables Factor 1 Factor 2 Factor 3
In sex. mat. 0.96

In weight 0.94

In age 0.88

In height 0.86

in BMI 0.83

Z 0.89

In skinfold 0.84

In GD 0.62

bBP 0.97
In SBP 0.71

In - logaritmo natural.

sexes separately. Table | represents the Ej-
genvalues of the ten factors which might be
extracted. These tables also show Eigenva-
lues in percentage and cumulative percen-
tage of the overall variability present in our
data.

In males, the accumulated percentage for the
first factor is 51,8% and for the first three
factors 80,7 %. In females, the accumulated
percentage for the first factor is 57,6 % and
for the first three factors 83,5%. Based upon
results displayed in Tabies | and IV we deci-
ded that only three factors should be
extracted.

Table Ul and I, after the extraction of the
three factors, represent the correlation obtai-
ned between our set of variables and those
three factors. Only values higher than 0,35
are presented. Clearly, each factor reprodu-
ces a different set of variables.

Tabie IV represents, for each variable, the
percentage of its variability explained by the
three factors. For systolic and diastolic blood
pressure, in both sexes, more than 80% of
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TABLE IV

VARIABILITY EXPLAINED BY THE 3 FACTORS
EXTRACTED FOR EACH VARIABLE - MALES
AND FEMALES

TABLE VI

DIASTOLIC BLOOD PRESSURE. MULTIPLE LI-
NEAR REGRESSION - BOTH SEXES: EXPLAI-
NED VARIABILITY

Variables

Variability Explained Coefficient 8
{Communality) Sex N Const. R F
Male Female SBP SK BMI SM H
Weight 97.2 96.6 Male 394 564 -0.70" 0157 017" - - 409 78.05()
Height 86.7 85.1 Female 500 -28.0 067" 0.07 - 0.21"" 0.14 47.2 107.4()
Age ge.3 86.2 * 5; **p<0.001; ***p<0.0001; ****p<0.0005; (*} p=0.0
Sexual Mat 83.9 66.2 PO.OS; **p<0.001; ***p<0.000%; ****p<0.0005; (*) p=0.
BM! 69.4 66.2
SBP 80.3 79.3
DBP 88.1 90.7 . . .
z 63.3 55.2 Discussion and Conclusions
Skinfold 54.9 711 Tables Il and Il show that the obtained fac-
GD 42.8 46.2

the total variability is explained by this me-
thod.

Distributional characteristics of factor n.° 3
were also assessed after extraction. In both
groups (boys and girls) this factor exhibits
skewness and kurtosis consistent with the
normality hypothesis. We recall that extrac-
ted factors have a mean of zero thus, a stan-
dard deviation of one is a standardised
score.

In order to understand the extent to which
FA improves the amount of explained varia-
bility in indices when compared with regres-
sions, a regression analysis was also under-
taken, using the same set of data. The results
obtained are displayed in Tables V and VI.
The overall accurancy of prediction is reflec-
ted by R? (proportion of explained variabi-
lity). The R? values vary between 40.9% and
47.2%. Only a few variables from the original
set are accepted by the algorithm (weight,
skinfold), whereas other meaningful varia-
bles do not attain statistical significance.
When comparing the results of applying FA
and regressions, we may conclude that the
first method is more efficient in explaining
overall variability.

TABLE V

SYSTOLIC BLOOD PRESSURE. MULTIPLE LI-
NEAR REGRESSION - BOTH SEXES: EXPLAI-
NED VARIABILITY

Coefficient B
Sex N Const. R? F
weight
Male 394 56.4 0.64 41.2 240.0* % **
Female 500 -28.0 0.65 41.9  347.2%%*»

****p<0.0005 weight - In males square root and in females, natu-

ral logarithm; R? - percentage of variance explained, coefficient of
determination; F - value F of multiple regression.

tors are strongly correlated with meaningful
groups of variables. Namely, factor n.° 3 re-
lates to SBP and DBP, exhibiting negligible
correlations with the other variables. There-
fore, factor n.° 3 reflects, almost exclusively,
the cardiovascular characteristics of children.
Once extracted, factor n.° 3 is a valuable ins-
trument for the assessment of deviations of
BP from values expected for a given age,
weight, and so on. Children exhibiting values
of factor n.° 3 near zero have BP according
to what is expected. Values of factor n.° 3
above two standard deviations denote a
trend towards high blood pressure. Norma-
lity of factor n.° 3 allows us to link values of
this index with the corresponding probabili-
ties. For instance, the likelihood of finding,
by random sampling, children exhibiting va-
lues of factor n.° 3 of +2 or smaller is 0.95.
Besides factor n.° 3, two other factors were
extracted, corresponding to other physiologi-
cal features. Factor n.° 1 highlights ponderal
development. Factor n.° 2 captures spéctfic
environmental and genetic characteristics im-
pinging upon particular regions. Such cha-
racteristics clearly affect sexual development
and skinfold, amongst other less important
variables, being markedly different for boys
and girls. Since factors n.° 1 and 2 are uncor-
related with factor n.° 3, measurements ba-
sed upon factor n.° 3 will be independent of
any characteristic already accounted for by
the first two factors.

Factor n.° 3 can be easily assessed via a for-
mula which is a linear combination of its
component variables. This formula may be
obtained from the output of the package
used to perform the factor analysis 2.
Compared to regressions, factor analysis has
shown the potential to explain a large
amount of variability in this specific task.
This improvement stems from SBP and DBP
being assessed as two correlated variables,




not as two independent characteristics as in
the case of regressions. Indeed, factor n.° 3
shouid be seen as assessing a physiological
characteristic underlying both SBP and D8P
when other characteristics are accounted for.
Our methodology is robust regarding the
number of variables used. For instance, in
case less ponderal variables were present in
the analysis, the factor structure obtained
would be the same. It is probably desirable
to use a smaller set of ponderal variables so
as to avoid redundant variability, in factor n.° 1.
Also, when the index to be obtained is aimed
at assessing homogeneous popuiations (e.g.
single a region), factor n.° 2 and the corres-
ponding component variables may be omit-
ted from the analysis. i

Besides yielding unique, easy to caiculate
and flexible cardiovascular score for children,
thus circumventing the problem of making
decisions based on two variables (SBP and
DBP), a major strength of the proposed me-
thodology is that such an index is the result
of a process where variability specific to BP
is isolated rather than explained. Other more
sophisticated statistical methodologies, such
as canonical correlation, may also be used to
obtain one unique index from two explained
variables. However, such an index would re-
flect BP as explained by a specific set of vari-
ables, thus being sensitive to the a-priori de-
cision on which variables might be important
to explain BP on children. As mentioned
above, results of factor analysis are robust
regarding the set of variables used, mainly
because this methodology is aimed at isola-
ting specific variability rather than explaining
it in terms of independent variables. FA pro-
bably makes more sense in epidemiolagical
studies of this kind.

In a forthcoming paper the results will be
presented the potential and applicability of
the devised index shown.

Resumo

O objectivo do nosso estudo, foi verificar se a
analise de factores era tapaz de explicar de
melhor forma a variabilidade da pressao arte-
rial sistolica (PAS) e da presséo arterial dias-
tolica (PAD), quando comparada com a ana-
lise de regressao, que é o método habitual-
mente usado para estudar um conjunto de varia-
veis relacionadas com a pressao arterial (PA).
PAS, PAD, peso, altura, indice de massa cor-
poral, prega cutanea tricipital, maturacio se-
xual e ruralidade, foram estudados em 889
criangas com a idade compreendidas entre os

5 e os 18 anos (389 rapazes e 500 raparigas).
O método propasto transforma um conjunto
de variaveis num novo conjunto de variaveis
{os factores) que nao estio correlacionadas
entre si. Um dos factores obtidos explica cla-
ramente a varidncia da PA. Com este mé-
todo, o algoritmo aceita todas as varidveis,
enquanto a regressao rejeita a maioria delas.
Este método explica a maior parte da varia-
bilidade da PA, perdendo a menor informa-
¢a0 possivel. Na nossa amostra a percenta-
gem da varidncia total explicada pelos trés
factores, foi de 80,3% para a PAS e 88,1%
para a PAD no sexo masculino; e de 79.3%
para a PAS e 90,7% para a PAD no sexo fe-
minino. Para a mesma amostra, a regressao
s6 explica 41,2% nos rapazes e 41,9% nas
raparigas para a PAS, e 40,9% nos rapazes e
47,2 % nas raparigas da PAD.

Em conclusido, este método é mais exacto
em estudos epidemioldgicos, conseguindo
um melhor resultado do que a regressao e
perdendo muito pouca informacao. Existem
duas importantes razdes para a utilizagdo da

' metodologia proposta: primeiro porque cal-

cula facilmente um indice cardiovascular
unico e flexivel, em segundo lugar este in-
dice é o resultado de uma metodologia onde
a variabilidade especifica da PA é isolada.

Summary in English: on page 123.
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