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Abstract:Pediatric arterial hypertension is a highly prevalent, silent, and perhaps because of this, under-diagnosed
in most cases, with multiple repercussions on the health of children and adults. It is imperative that health pro-
fessionals and family members be aware of HBP existence, the negative consequences associated with it, the risk
factors and it prevention. Its expected the knowledge about this pathology increases with the level of education of
the family members. A simple questionnaire was built with the aim of easy and quick answers. We can establish
that, despite not rejecting the questionnaire in terms of internal consistency, it needs some improvement, for ex-
ample, reformulation of some questions. The estimated models by GLM have reasonable explication of the data.
Exploring the binary outcome issue, we extend this approach using GLMM, specifically, mixed logistics models.
The process was unsuccessful, the algorithm did not converge. In [14] can be found a statistical data analysis using
partial questionnaire’s information. The present article completes such statistical approach estimating a model by
Generalized Linear Models (GLM) for relevant remaining questions of questionnaire . Exploring the binary out-
come issue, we intend to extend this approach using Generalized Linear Mixed Models (GLMM), but the process
is still ongoing.
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1 Introduction

In medical, behavioral and social sciences it is usual
to get a binary outcome. For example, in the present
work is collected information related with the percep-
tion of pediatric patients caregivers about high blood
pressure (HBP) in childhood where some of the out-
comes are binary variables (1=’yes’/ 0=’no’).

The hypertension is a serious public health prob-
lem present since childhood [4], silent in most cases
and whose only form of early diagnosis is the regu-
lar blood pressure (BP) measurement in health mon-
itoring consultations. It is a condition that interferes
negatively with numerous functions in the body of the
children still in development. Like all chronic dis-
eases, not only interferes with the child but also with
his family. For this reason, a clinical and therapeutic
approach to the family, instead of a targeted interven-

tion only for the patient, it is usually more effective
[10].

The diagnosis of pediatric hypertension (PH)
should be based on multiple measurements of BP in
medical office environment and at different times [8].
The current recommendation of the European Society
of Hypertension (ESH) [8] is the inclusion of the prac-
tice assessment arterial blood pressure (ABP) in all
children above three years of age, in all health surveil-
lance pediatric attendees, and below this age, if there
exist risk factors. The publication of these and other
guidance standards enabled the detection of cases of
secondary asymptomatic hypertension, which other-
wise would be hidden. On the other hand, moderate
elevations in BP during childhood are more common
than it was thought, especially in teenage years. In [1]
Ahern evidences PH as a growing problem in health
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care, which is underdiagnosed [7]. This pattern is
also presented in [6], where the trends and future chal-
lenges of this disease are explored.

The study [10] standardized the wide variety of
published data and prepared reference tables of ABP
values considered normal for each gender depending
on the child’s age and his height [8]. Regardless the
limitations, such work is seen as a reference study and,
according to its recommendations, the ABP in chil-
dren is considered normal (see Table 1) when the sys-
tolic blood pressure (SBP) and/or diastolic blood pres-
sure (DBP) are below than 90th percentile for gen-
der, age and height of the child in question, while hy-
pertension is defined as SBP and/or DBP persistently
higher or equal to the 95th percentile, measured at
least on 3 different occasions by auscultation [8]. The
middle class, SBP and / or DBP greater or equal than
90th percentile but less than95th percentile is classi-
fied as high normal BP [8]. Also teenagers with BP
equal or greater than120/80 mmHg, regardless the
correction of percentile for height, are considered to
have HBP. In cases where the measured values are
very different from each other, the child should be
classified based on the highest one [10].

HBP, although considered an adult disease appear
very often in infancy, tending to increase with age and
with body mass [8]. The same author establishes a
strong correlation between body mass and BP levels.
The diagnostic criteria for PH have as their main refer-
ence the distribution of blood pressure (BP) in healthy
children [3]. These criteria are based on the concept
that the pediatric BP increases with age and with body
mass. In [9, 12] is highlighted that childhood obesity
is a great risk for developing HBP.

An experimental questionnaire was built and ap-
plied to evaluate the caregivers perception of Por-
tuguese pediatric attendees of the HSM so we could
get their perception about PH and possibles risks. We
can found in [14] a preliminary analysis of such ques-
tionnaire. The collected information was statistically
analyzed, where a descriptive analysis and a predic-
tive model were performed. Also the fulfillment about
regular measurement of pediatric BP guidelines was
checked.

This article is the continuation of such work. We
complete the results presented in [14]. It is performed
a statistical approach estimating by GLM a logistic
model for remaining questionnaire information (ques-
tions 2 and 4). Exploring the binary outcome issue,
we tried to extend this approach using GLMM, specif-
ically, mixed logistics models but the process was not
successful until the moment (the algorithm did not
converge). The GLMM approach is still going on.

The outline of this article is developed in four
sections. In next Sect. is detailed some information

about the questionnaire and is done an appointment
with the adopted statistical methodo: GLM. Section
3 deals with the data. A random sample of 128 indi-
viduals were given out and 107 were correctly filled.
The models estimated by GLM and the estimates of
odds ratio considering some individual characteristics
are presented relatively to the questions of interest. In
last Sect. we discuss the results, get some conclusions
and describe some ongoing work.

2 Methodology

2.1 Questionnaire

An experimental questionnaire was applied to care-
givers of children aged between 3 and 18 years. It is
intended to get the perception of children and young
people caregivers about HBP in children.

The questionnaire is an attempt to design a ”min-
imal” scheme to be finished quickly. It required the
information described bellow.

• Some socio-demographic characteristics such as
age, gender, race, residence area, level of educa-
tion, profession;

• Five dichotomous questions in order to be an-
swered (Yes/No) quickly:

1. May the hypertension arise during the pe-
diatric age?

2. Is hypertension a silent disease?

3. Should a BP measurement be made in
health routine visits from 3 years age?

4. Are there risk factors such as obesity, lack
of practice physical activity or overeating
that may be associated with hypertension?

5. Is it usual to measure your child’s blood
pressure in health surveillance visits?

2.2 GLM Approach

In the classical linear model, a vectorX with p ex-
planatory variablesX = (X1, X2, . . . , Xp) can ex-
plain the variability of the variable of interestY (re-
sponse variable), whereY = Zβ + ǫ. Z is a speci-
fication matrix with sizen × p (sometimesZ = X,
considering an unitary vector in first column),β a pa-
rameter vector andǫ a vector of random errorsǫi, in-
dependent and identical distributed to a reduced Gaus-
sian.

The data are in the form(yi, xi), i = 1, . . . , n, as
result of observation of(Y,X) n times. The response
variableY has expected valueE[Y |Z] = µ.
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In GLM, where the model is an extension of clas-
sical model, the response variable, following an ex-
ponential family distribution [15], does not need to
be Gaussian, and a transformation of expected value
of response variable is related with explanatory vari-
ables. A detailed description of GLM ca be found in
[15, 11].

Another extension from the classical model is the
fact that the function which relates the expected value
and the explanatory variables can be any differentiable
function. EachYi has expected valueE[Yi|xi] = µi =
b′(θi), i = 1, . . . , n.

Also, it is defined a differentiable and monotone
link function g that relates the random component
with the systematic component of the response vari-
able. The expected valueµi is related with the linear
predictorηi = zTi βi through the relation

µi = h(ηi) = h(zTi βi), ηi = g(µi) (1)

whereh is a differentiable function,g = h−1 is the
link function, β is a vector of parameters with sizep
(the same size of the number of explanatory variables)
andZ is a specification vector with sizep.

We can found different link functions in GLM.
When the random component of response variable has
a Poisson distribution, the link function is logarithmic
and the model is log-linear. In particular, when the lin-
ear predictorηi = zTi βi coincides with the canonical
parameterθi, θi = ηi, which impliesθi = zTi βi, the
link function is denominated canonical link function.

Usually, in presence of dichotomous data, dis-
crete models are usually estimated by logistic or pro-
bit regression [15].

The logistic regression is widely applied in mod-
els with dichotomous data and/or proportions. It is
supposed that the response variableY verifiesYi ∩
Bin(1, πi), i.e.

f(yi|xi) = (πi)
yi (1− πi)

1−yi , yi = 0, 1, (2)

where each individuali as associated a specification
vectorzi which results fromp explanatory variables
x = (x1, x2, . . . , xp). Knowing that

E[Yi] = πi, θi = ln

(

πi
1− πi

)

and θi = ηi = zTi βi , (3)

we conclude that the logistic function is the link func-
tion g. The probability of successπi is given by

πi =
ez

T

i
βi

1 + ez
T

i
βi

. (4)

Notice thatE[Yi] = πi = µi ∈ [0, 1], another dis-
tribution function can be a good candidate to the link

function inverse. One can suppose that the success
probabilityπi and the covariate vector are related by

πi = Φ(ηi) = Φ(zTi βi), (5)

where φ(.) is the Gaussian distributionN(0, 1).
In this case, we obtain the link functiong(µi) =
Φ−1(µi), the probit function, and the estimated model
is named the probit model.

3 Empirical application

We developed an observational and prospective study,
with all participants selected from the external patient
Pediatric Department of HSM, from May to Decem-
ber 2014, having been obtained for this, Department
director approval. It was taken a random sample of
128 individuals, all of them caregivers of children
and/or adolescents (first-degree relatives or their legal
representatives), users of the National Health System
(NHS), which resorted to external consultation (gen-
eral pediatrics and/or sub-specialties) for reasons not
related to changes in the BP. Only 107 questionnaires
were considered correctly filled.

The first step was to organize the data using de-
scriptive statistic techniques (for example see [13]).
In a preliminary data analysis and taking into account
the non-quantitative nature of the involved variables,
were calculated measures of association, nonparamet-
ric Spearmann correlation coefficient, nonparametric
test of Friedman for paired samples.

In Fig. 1 is summarized the questionnaire an-
swers count of the selected 107 participants. About
66.6% of participants know that the pediatric hyper-
tension may arise during the pediatric age,82% take
into account that, frequently, hypertension is a silent
disease,61.3% know that a BP measurement should
be made from 3 years age in health surveillance visits
and91.9% are aware about some risk factors that may
be associated with hypertension. The question 5 was
implemented to verify if regular measurement of the
pediatric BP was fulfilled according to current recom-
mendations. This issue is not fulfilled by40.5% the
participants. Initially, the questionnaire statistical in-
ference took into consideration the questions 1, 2, 3
and 4.

We measure the homogeneity and internal consis-
tence of questionnaire and respective validation. The
alpha-Cronbach coefficient was lower than expected,
giving the indication of sufficient, bad not good in-
ternal consistency. We also performed several tests
(Table 2) to compare the answers of questions 1, 2,
3 ad 4: the paired T-test, McNemar’s test for frequen-
cies comparison, Crochan’s Q test for binary variables
comparison.
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Figure 1: Questionnaire responses count. Questions 1
to 5. ’1’=Yes; ’0’=No.

The results in Table 2 suggest the exclusion of
question 3 from our analysis, all tests show evi-
dence that question 1 - question 3 are not signifi-
cantly different. Also the non-parametric Spearmann
coefficient of association is significant for the pair
question 1 - question 3. The Cochran’s Q tests re-
jects that the distributions of question 1, question 2,
question 3 and question 4 are the same. Initially,
we compute the association of the questionnaire an-
swers with socio-demographic characteristics of par-
ticipants. The Spearmann coefficient was signifi-
cant for question 1 and question 3, question 2 and
age, question 2 and profession, the Kruskal-Wallis
test was significant between question 4 and age (η−
coefficient = 0.561) and question 4 and level of ed-
ucation (η− coefficient = 0.224).

The internal consistency analysis was another key
step: T-tests were carried out for paired samples and
calculated the Cronbach’s alpha coefficient. Due the
qualitative non-ordinal variables nature, these mea-
sures were considered as indicative.

The next step of process consists in estimation,
validation and selection of the models by GLM. These
three steps are summarized as follows: 1- Models for-
mulation: identify response variable distribution, se-
lect the preliminaries explanatory variables and spec-
ification matrix, select the link functiong; 2- Models
adjustment: estimation of model parameters, applica-

tion of suitability measures of estimates; 3- Selection
and validation of models: selection of variables, diag-
nostics, residual analysis and interpretation.

Different link functionsg were used to estimate
several models. The log-log, logistic and probit re-
gression were taken into consideration. The stepwise
selection was used to get the best explanatory vari-
ables in each case.

As expected, the dichotomous data conduced to
discrete models. The logistic models were selected.
Almost all estimated and selected models for question
1 have validation tests withp− values between0.01
and0.10. The estimated model for question 2 has the
associate validation tests withp − values less than
0.05.

Some levels of residential area and/or race had
few individuals. We didn’t consider these individual
characteristics as explanatory variables or effects. The
codification of selected variables is on Table 3.

Below, we present the estimation of logistic mod-
els in several steps. Initially, the selection of the
best set of explanatory variables that conduces to the
”best” model, was done by stepwise, based on the
p− values from Wilks test likelihood ratio relatively
to inclusion/exclusion of explanatory variables.The
impact of a explanatory variables is measured by the
obtainedp − value: a smallp − value means a sig-
nificant influence. By first are selected the principal
effects, by last, the second order interaction.

Question 1 was discussed previously, we will de-
tail the results associated to question 2 and 4. For
each question (1,2,4) we have estimated several mod-
els: some of them just considering the principal ef-
fects (gender, age, level of education and profession),
others taking into account the principal and secondary
effects. The parameters estimates of such models rel-
atively to questions1, 2 and4 are detailed in Table
4.

Considering question1, model A consider the
main effects and has a deviance global test withp −
value = 0.0995, by other hand, model B considers
the main and secondary effects and conduces to a de-
viance global test withp − value = 0.0979. The
residual analysis evaluation of all models was done.

When all validation and selection techniques were
complete, we need to be able to choose correctly be-
tween different models with close explanatory perfor-
mance. The best models with similar performance
conduce to estimates which are combined using a
weighted mean using thep− values of global test.

Question 1 (the knowledge about the possibil-
ity of occurrence of PH) and its relation with socio-
demographic characteristics of participants was estab-
lished and discussed previously in [14]. The odds ra-
tios were estimated from models A and B for some
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Table 1: Classification of pediatric hypertension.

Class SBP and/or DBP Percentile

normal < 90
normal-high ≥ 90 until < 95mmHg

Teenagers: AP> 120/80mmHg, including percentile< 90
HBP- class 1 95 ≤ Class 1≤ 99 + 5mmHg
HBP - class 2 > 99 + 5mmHg

Table 2: Confidence Interval and paired T-test for question mean difference. McNemar’s test for frequencies
comparison. Crochan’s Q test for binary variables comparison.

Pair C.I. (95%) t-testp-value McNemar’s testp-value Crochan’s Q testp-value

Q1-Q2 (0.056, 0.261) 0.003 0.005 0.003
Q1-Q3 (−0.17, 0.058) 0.333 0.429 0.343
Q1-Q4 (0.157, 0.348) 0.000 0.000 0.000
Q2-Q3 (−0.33,−0.10) 0.000 0.001 0.001
Q2-Q4 (0.017, 0.170) 0.018 0.025 0.016
Q3-Q4 (0.202, 0.415) 0.000 0.000 0.000

Table 3: Codification of variables.

Variables Description Codification Variables Description Codification

Y1 Question 1 1=Yes x2 Profession 11=Other
0=No 10=Without qualification

Y2 Question 2 1=Yes · · ·

0=No · · ·

Y3 Question 3 1=Yes 1=High qualification
0=No x3 age ′1′ = ([18, 29])

Y4 Question 4 1=Yes ′2′ = ([30, 49])
0=No ′3′ = (≥ 50)

x1 Education level 1=primary x4 Gender 0=Female
2=High School 1=Male
3=University
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values of explanatory variables. It was concluded that
the knowledge about the possibility of the occurrence
of hypertension in pediatric age is lower for a man
than for women, when they have similar ages, educa-
tion and profession; when the qualification decreases
5 levels, the odd ratio is clearly reduced from values
greater than one for values less than one; when the
level of education increases one degree, the youngest
individuals have greater chance to know about the oc-
currence of pediatric hypertension.

Relatively to question 2 (appearance of the dis-
ease without notice), the estimated model C has a de-
viance global test withp− value = 0.012 (see Table
4). Notice that there is no principal effect in the model
C, the interaction between profession and education
level is the only significant (secondary interaction) ef-
fect. The estimated model D has a deviance global test
p − value = 0.015 and has a unique principal effect,
the profession.

The deviance residuals of model C and D, for the
107 individuals are represented in Fig. 2; on left we
have the deviance residuals of model C, on right, are
represented the deviance residuals of model D.

We describe some relations between the idea
of hypertension as a silent disease and socio-
demographic characteristics of participants. From
model D, when we consider a man or woman with
a median qualification profession (between oldest or
youngest people) there is more than double chance to
know that pediatric hypertension is a silent disease.
We getΨQ2,profD = 0.969 if we increase one unit
of profession level value. It means that, if the level
of qualification decreases, the odds ratio decreases
slightly.

When we consider question 4 (knowledge about
several risks), the estimated model E has no sig-
nificant interaction and keeps only one principal ef-
fect, the education level, for a deviance global test
of p − value = 0.051. The residuals analysis was
also performed. The odds ratio for a person with high
school level education (any gender, age or profession)
we getΨQ4,educE = 1.047. People with medium level
of education have more than double chance to know
that there exist several risk factors which contribute to
HBP. This odds ratio does not change when the edu-
cation level increases or decreases one unit.

Exploring the binary outcome issue, we extended
this approach using GLMM, specifically, mixed logis-
tic models. Considering question 1, we have tested
several random effects such as gender, education level
(slip in two levels: medium-high and low). The pro-
cess was unsuccessful, the algorithm did not converge.
We are still working on this approach.

4 Discussion and final remarks

Pediatric arterial hypertension is a highly prevalent,
silent, and perhaps because of this, under-diagnosed in
most cases, with multiple repercussions on the health
of children and adults. It is imperative that health
professionals and family members be aware of HBP
existence, the negative consequences associated with
it, the risk factors and it prevention. Its expected
the knowledge about this pathology increases with the
level of education of the family members.

A simple questionnaire was built with the aim
of easy and quick answers. We can establish that,
despite not rejecting the questionnaire in terms of
internal consistency, there is some evidence that it
needs some improvement, for example, reformulation
of some questions. The estimated models by GLM
have reasonable explication of the data. Exploring
the binary outcome issue, we extend this approach us-
ing GLMM, specifically, mixed logistics models. The
process was unsuccessful, the algorithm did not con-
verge.

The use of some additional statistical methods,
similarly to [5], correspondence analysis or other mul-
tivariate method, can give another extra contribution
to the data variability explanation. Taking into con-
sideration the idea of simplicity, our ongoing work
consists in the application of another statistical mul-
tivariate techniques [2] to complete this preliminary
study.

Accordingly with the questionnaire, caregivers
know that there is pediatric hypertension, is silent
in most cases and that there exist several risk fac-
tors which contribute to it. It is possible to conclude
that age , educational level and profession influence
the knowledge that relatives have about this pathol-
ogy.The individuals from higher age groups are those
who Know the possibility of this pathology be able
to arise quietly. Higher levels of education are asso-
ciated with greater knowledge about the existence of
hypertension risk factors. Finally, the higher level of
profession, greater the knowledge about the existence
recommendation for the measurement of BP in chil-
dren from 3 years of age.

The results are promising, but there are some de-
tails which need to be extended. To complete this
work, was applied recently a new questionnaire, with
the same objective but with different sample, structure
and questions:

• Socio-demographic characterization of the pop-
ulation of participants, which represent the vari-
ables under study);
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Table 4: Logistic models-parameter estimates. Questions1 (β̂i andα̂i ); Question2(γ̂i andδ̂i); Question4 (ǫ̂i).

Effect Parameter Estimate Parameter Estimate Parameter Estimate Parameter Estimate Parameter Estimate
Q1 (A) Q1 (A) Q1 (B) Q1 (B) Q2 (C) Q2 (C) Q2 (D) Q2 (D) Q4 (E) Q4 (E)

Intercept β̂0 0.634 α̂0 −9.915 γ̂0 1.013 δ̂0 0.976 ǫ̂0 0.769

x1 β̂1 −0.093 α̂1 3.507 ǫ̂1 0.072

x2 β̂2 −0.051 α̂2 0.612 δ̂2 −0.031

x3 β̂3 −0.151 α̂3 4.888

x4 β̂4 −0.769 α̂4 −0.363
x1 ∗ x2 γ̂13 0.019
x1 ∗ x3 α̂13 −1.764
x2 ∗ x3 α̂23 −0.297
x2 ∗ x4 α̂24 −0.091

p− value 0.0995 0.0979 0.012 0.015 0.051

Figure 2: Question 2. Deviance residuals versus fitted values. Models C (onleft) and B (on right).
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• Fifteen theoretical questions about pediatric hy-
pertension, on which the evaluation of the ob-
ject of the study is based: Characterization of the
knowledge of parents and / or caregivers on Pe-
diatric Hypertension;

• One final question regarding the periodicity of
evaluation of BP in periodic health surveillance
visits of the pediatric relatives of the participants;

• The questionnaire was sent to 182 participants
via e-mail (containing the link to the online
form), previously sent by the respective class di-
rectors of the ten schools of the Group.

For improved survival and quality of life of hy-
pertensive patients an early diagnosis is necessary and
an early and appropriate therapeutic intervention. Pre-
vention is possible by controlling known risk factors
and modifiable. Prevention requires a higher degree of
awareness and possibly the implementation of aware-
ness campaigns promoting regular assessment of arte-
rial pressure in children.

Summarizing, GLM models [15, 11] were devel-
oped to relate the questionnaire questions and socio-
demographic explanatory variables. To improve this
statistical approach it is ongoing a statistical multi-
variate analysis [2] using all relevant available data.
The remaining ongoing work using other statistical
methods, discriminated and analyzed will be found in
a future extended version of this article. We intend to
compare the two questionnaires submitted to differ-
ent populations with distinct structures and methods
of response.

We also intend to continue this study in a different
scale, identifying the risks of the disease and its rela-
tionship with inherited and acquired changes in the
state of potential patients. Following the objective to
get a picture of pediatric HTA in Portugal, under the
aim of a project proposed by Portuguese Pediatric as-
sociation, we are collecting data at national level (sim-
ple size=5500).
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