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1. Introduction

With a fast development of new technologies, great attention has also to be paid to the
health of society. The society stimulates the development of technologies, but the aim of
this development is a comfortable life of society. It cannot be achieved without a healthy
society.

The World Health Organization carried out the second international survey on housing
and health in Europe in 2002. 8 countries took part in this survey: France, Germany,
Hungary, Italy, Lithuania, Portugal, Slovakia, and Switzerland. The aim of the survey
was to investigate the relationship between housing, socioeconomic status and health of
the residents.

Samples of households were surveyed in some town ofeach country. Vilnius was
chosen as a representative of Lithuania.

The paper presents statistical methods as a tool for the analysis of survey data which
can be used for any other social survey for investigating categorical data, and presents
some results.

2. Statistical methods

2.1. Sampling design

The population register served as a sampling frame for sample selection of the Vilnius
population. A simple random sample of 1 100 individuals was drawn from the register
and people living at the same address with the selected individualswere included into the
sample. The cluster sample of individuals was obtained. A probability for the household
(as well as for an individual) to belong to the sample depends on the size of the household,
and can be expressed as

πi = P (i ∈ s) =
nmi

L
, i = 1, . . . , n,

with L – a size of the sampling frame of individuals,s – the sample of the households of
sizen, mi, i = 1, . . . , n – the household size.

The sample design weight for the household is defined bydi = 1/πi, i ∈ s. For
any study variabley with the valuesy1, y2, . . . , yN in the population of households, the
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population totalty = y1 + y2 + · · · + yN can be estimated by the Horvitz–Thompson
estimator

t̂y =
∑
i∈s

diyi.

Denoting the study variable in the population of individuals byz with the valuezij for
thejth person in theith household, the same is valid for the total

tz =
N∑
i=1

mi∑
j=1

zij of individuals: t̂z =
∑
i∈s

mi∑
j=1

dijzij , dij = di.

This is a standard weighting system.

2.2. Calibration of design weights

The sampling frame suffers from the undercoverage and overcoverage, the survey has a
high nonresponse rate, about 40%. As a result the distribution of the sample, weighted
by the design weights, differs greatly from the population distribution by age and sex
(see Table 1). Health characteristics depend on age, a psycho-emotional feeling depends
on sex, and in order to get correct results, the sample has to be reweighted. In order to
adjust the sample to the demographical data and to take nonresponse intoaccount, the
calibration of sampling weights on age and sex is used ([2]).

Let us defineJ age and sex groups and construct a vector of auxiliary informationx =

(x1, . . . , xJ)T with the valuesxk = (x1k, . . . , xJk)
T , k = 1, . . . , n. The components

xjk for eachhouseholdk = 1, . . . , n equal the number of individuals in the household
belonging to the corresponding age and sex groupj = 1, . . . , J . Suppose that the vector
of totals tx = (tx1, . . . , txJ)T , txj =

∑n
k=1 xjk, j = 1, . . . , J is known from the

demographical data.

Table 1

Distribution of design-based estimates and demographical data by age and sex

Men Women
Age

Demography Estimate Demography Estimate

< 15 49 034 22377 43 012 23 581

16–25 38 748 43533 45 178 48 339

26–35 41 829 32068 44 198 34 833

36–45 40 632 25383 47 337 35 174

46–60 43 072 49911 57 306 73 036

> 60 33 448 56706 57 991 97 758
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In order to get a calibrated estimator of the totalty = y1 + · · · + yN , we have to
find the weightswk, which differ as little as possible from the design weightsdk with
arbitrary positiveqk in the sense

∑
k∈s

dk
qk

(wk

dk
− 1

)2

=
∑
k∈s

(wk − dk)
2

dkqk
→ min,

and which satisfy the calibration equation

∑
k∈s

wkx
T
k =

(∑
k∈s

wkx1k, . . . ,
∑
k∈s

wkxJk

)T

= (tx1, . . . , txJ)T .

The weightswk are said to be calibrated and the estimator

t̂(cal)y =
∑
k∈s

wkyk

is called calibrated. The same weights can be used for the members of household in the
sample of individuals. The design weights in the Vilnius housing and health survey in
2002 are calibrated by 12 age and sex groups, used in Table 1.

The calibration of weights is performed by the computer program SAS macro CLAN
of Statistics Sweden.

2.3. Logistic regression

When investigating how some health characteristics of an individual depend on the hou-
sing characteristics, logistic regression is used.

Let us denote for each health characteristic the value of a study variabley for the
individuali as

yi =

{
1, if the individual has a health characteristic,
0, if the individual does not have a health characteristic,

x = (1, x1, . . . , xp)
T is the vector of categories of explanatory variables (characterizing

housing, different from that in Section 2.2),β = (β0, β1, . . . , βp)
T is the vector of unk-

nown parameters. The health characteristic, for example, may be suffering from asthma.
The logistic regression model takes the form

P (y = 1|x) =
eβt

1 + eβt

and expresses the probability for the individual to have the health characteristicy = 1,
if the value of the explanatory vectorx is known. The finite population parameterB =

(B0, B1, . . . , Bp) can be found as a maximum likelihoodestimate of the model parameter
β, using population data, and a design based estimateB̂ = (B̂0, B̂1, . . . , B̂p) of B can
be obtained using the sample data.
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The members of household form a cluster, and, sharing the same apartment, they are
dependent via the housing characteristics. So the clustering has to be taken intoaccount
in the data analysis.

The hypothesesH0: βi = 0 against the alternativeH1: βi �= 0 for i = 0, 1, . . . , p are
tested using the modifiedt-test, taking the sampling design into account ([3]).

2.4. Correspondence analysis

Correspondence analysis ([1], [4]) is an algebraic technique analogous to principal com-
ponents analysis but appropriate to categorical rather to continuous variables.

Let several categorical variables haveK categories totally. A Burt contingency table
A, based on the values of those variables, is built. It is a squareK×K table, having rows
and columns corresponding toeach of the categories of the variables chosen. An element
of this table equals to the weighted number of the sample elements with the categories in
the corresponding row and column.

Suppose the matrixA is of the rankK and denoteY = 1
NA, hereN is the population

size. Multiple correspondence analysis is based on the decompositionYTY = BDBT ,

matrix D being a diagonal matrix of the eigenvalues ofYTY, and matrixB being a
square matrix consisted of corresponding eigenvectors. Based on this decomposition, the
system of the orthogonal factors is build, and associations in the Burt table are expressed
through those factors.

3. Some results

Three extensive questionnaires are used in the survey: housing and health questionnaire,
housing inspection questionnaire, and inhabitant questionnaire.

Among other things, the relationship between the health and housing characteristics
is studied. Asthma, chronic bronchitis, chronic anxiety and depression, headache, nasal
allergy are investigated, using logistic regression. The models developed are weak, they
explain only about 10% of the total variance. Significant factors with the level of signifi-
cance 0.05 are presented in Table 2.

Suffering from bronchitis at least once in relation with the flat features was studied
using correspondence analysis. The notations of the categories of the variables studied
are presented in the Table 3.

Multiple correspondence analysis locates all the categories in a Euclidean space. The
first two dimensions of this space are plotted in Fig. 1 to examine the association among
the categories. The interpretation is based on points found in approximately the same
direction from the origin and in approximately the same region of the space. Distances
between points do not have a straightforward interpretation in multiple correspondence
analysis.

The quadrants of the plot show the following associations: suffering from bronchitis,
being problems of temperature in the flat during summer, transition period and winter, vi-
sual mould growing and nevertheless satisfaction with the flat are associated categories;
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Table 2

Relationship between health and housing characteristics

Health
indicator

Housing and psycho-emotional features

Chronic bronchitis,
emphysema

Age, satisfaction with the flat, perceiving the temperature in the flat during winter
and transient seasons as a problem, mould growth in the flat, smoking in the flat

Asthma Having problems with draught in the flat because doors/windows cannot be clo-
sed tightly, cat at home, satisfaction with the flat

Headache Age, sleep disturbed by noise, satisfaction with the flat, perceiving the tempera-
ture in the flat during summer as a problem, problems with draught in the flat
because doors/windows cannot be closed tightly, satisfaction with the flat and
with the air quality in the flat, evaluation of this residential area by others

Nasal allergy Thermo-isolation in the flat, problems of hot water-supply

Accidents at home Considering some flat construction features, like balconyand elevator, dangerous
for the residents at home

Chronic anxiety and
depression

Age, sleep disturbed by noise at night, problems of temperature in the flat in
winter, thermo-isolation of flat, humidity problems in the flat, satisfaction with
the equipment and installation in the bathroom, satisfaction with the flat

Table 3

Categories being studied with suffering from bronchitis

Variable No Sometimes Yes

Temperature problems in the flat in summer S1 S3 S5

Temperature problems in the flat in transition period T 1 T 3 T 5

Temperature problems in the flat in winter W1 W3 W5

Thermo-isolation I1 I3 I5

Visual mould growth in the flat M1 M3 M5

Satisfaction with the flat F1 F3 F5

Age group A1 (Young) A3 (Medium) A5 (Old)

Smoking N (No) Y (Yes)

Suffering from bronchitis 0 (No) 1 (Yes)

bad thermo-isolation and having no problems of temperature in summer, winter and tran-
sition period and nevertheless un-satisfaction with the flat are also associated categories;
very good thermo-isolation is associated with sometimes occurring problems of tempe-
rature in winter, transition period and summer and visual mould growth.
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Fig. 1. Chronic bronchitis and flat features.

4. Conclusions

1. Despite that the models obtained are not very strong, the results of analysis show
a significant relationship between the health of residents and the temperature prob-
lems, humidity in the flat, tightness of doors/windows. The results also support the
relationship between the psycho-emotional feeling of housing and health.

2. The correspondence analysis can give a picturesque graphical representation of the
survey data illustrating the relationship between the categorical variables.

3. The calibration of the weights is recommended for the social surveys having a
complex sampling design and a high nonresponse level, as well as for public opi-
nion surveys.
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Būstas ir sveikata Vilniuje 2002-aisiais

S. Juneviˇciūtė, D. Krapavickait˙e

Straipsnyje pateikiami statistiniai metodai, naudojami Pasaulin˙es Sveikatos Organizacijos
2002-aisiais metais Vilniuje atlikto tyrimo duomen↪u analizei, ir kai kurie šios analiz˙es rezultatai.


