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The aim ofthis study has been to follow apartment residents' evaluation oftheir health status and indoor
climate perception related to the implementation of energy conservation measures in Danish housing.
The study was designed as a prospective study including a study group and a control group. In the study
group an intervention took place, as windows were replaced in the follow-up period. The control group
did not have any changes carried out in their homes. The study has demonstrated the benefits of a less
drafty dwelling, especially for the elderly who spend most of their time at home. The disadvantages of
reduced natural ventilation on indoor air quality could not be demonstrated, because it is less pronounced
in old buildings where off-gassing from materials are neglible. In addition the households were usually
small and did not include overpopulated dwellings. The size of the population in the study was not large
enough to include at random a sufficient number of subjects suffering from allergic diseases. Those
individuals should be first to respond on changes in indoor allergens favoured by increased air humidity
after sealing of the houses. It is therefore concluded that requirements to the ventilation rates after
retrofrtting of the dwellings should still be considered from a health point of view.

lntroduction

The aim of this study has been to follow apartment
residents' evaluation of their health status and indoor
climate perception related to the implementation of
energy conservation measures in Danish housing,
which are carried out in the nation's effort to save
energy.

Denmark has about 2,000,000 habitat units with an
estimated 200 million m2 floor area and a correspond-
ing 500 million m3 space volume. The air change rate
in multistory buildings with leaky window frames has
been found to vary between 0.3-2.9 with an average
of 1.3 air changes per hour (ach) under varying mea-
suring conditions and I.7 (ach) under standard refer-
ence conditions (Møller et al., 1979). Modern
window constructionõ has reduced air infiltration rates
to less than 0.5 ach, and retrofitting has reduced the
variation of infiltrating air caused by wind pressure
and temperature differences (Harrje and Mills, 1980).
The use of double glass instead of single glass im-
proves the thermal insulation to a k-value better than
2.9 Wlm2 C.

For this reason, a Danish Governmental Notice has
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been supporting the replacement of windows in leaky
frames with double glass windows in airtight frames.
This study of the acute health consequences of the
related indoor environmental changes has been under-
taken while the process of building changes still has
been in continuation nationwide (Iversen et al., 1982).

Materialand Methods

The habitat units included in the study were chosen
among.Danish building areas in the capital of Copen-
hagen, and in the major provincial cities of Aalborg,
Esbjerg, Herning, and Vejle. The participants were
invited to join the study on a nonindividual identifica-
tion basis; the benefit offered was a free copy of the
results.

The study was designed as a prospective study in-
cluding a study group and a control group. The study
was observational but had similarities to an experi-
mental study. In the study group an intervention took
place, as windows were replaced in the follow-up pe-
riod. The control group did not have any changes done
in their homes. The housing areas in which the study
took place could all be classified as "good" areas.
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The dwelling types were medium-rise flats; all were
central heated. No homes had air treatment units in-
stalled, as such units do not exist in private homes in
Denmark. The tenants were of medium social class
and included pensioners.

Questionnaires were sent to residents in apartment
buildings 2-5 stories high in August and December
1981, and January and February 1982. In the study
group windows were replaced during the period be-
tween the first and the second questionnaire. The win-
ter period was chosen because airing by opening of
windows in Danish dwellings are minimal at this time
of year (Korsgaard, 1983a).

In August, 3,309 residents over 18 yr of age re-
ceived a questionnaire. The persons who answered the
questionnaire, thereby indicating that they were will-
ing to participate in the study, received new question-
naires in the following months. The response rate was
54Vo. A total of 1,013 persons answered all four
times. A subtotal of 641 were included in the analysis,
apportioned with 106 in the study group and 535 in
the control group. This reduction and the small num-
ber in the study group was caused by the building
societies' change of plans for the replacement of win-
dows.

The first questionnaire included questions about the
number of rooms, the number of persons, and the
number of smokers in the household. In addition to
health effects, changes in sensation of comforVdis-
comfort related to indoor climate were also included,
i.e., the number of days with inconvenience. The fol-
lowing questionnaires were identical to the first ques-
tionnaire, but did not include the questions related to
the characteristics of the apartment.

Correlations between retrofitting and symptoms
were measured by odds-ratios. The odds-ratios were
calculated for each month (odds for symptoms in the
study group divided by odds in the control group), and
normalized with respect to August.

Nonrespondents were not different from respon-
dents with regard to age, sex, and location in the coun-
try (capital of Copenhagen versus major provincial
cities). The participant in the control group tended to
be away from the apartments for a longer time than
the persons in the study group. This was closely re-
lated to the fact that there were more older people in
the study group. The smoking habits were similar in
the study and the control group. Additional analyses
were carried out for potential confounders, but the
confounders had only minor effect.

Results

The questionnaire included questions of five groups
of symptoms. For all questions the normalized odds-
ratios were calculated.

M. Iversen, E. Bach, and G. R. Lundquist

Percenta ge
Frequ ency

August December January February

Fig. l. Symptoms related to thermal conditions. Inconvenience from
draught in the apartments. Left columns: control group; right col-
umns: study group.

Symptoms related to thermal conditions
In August, 33Vo in the study group and 22Vo in the

control group reported inconvenience from draught in
the apartments. During the winter period these incon-
veniences bothered 4OVo-5OVo of the participants in
the control group and less than lOTo in the study
group. Similar effects were seen with inconveniences
from cold floors and low temperatures.

All the results were significant on a O.lVo to lVo
level. A control question on high temperatures was
not different from 1.0. The percantage frequencies are
depicted in Fig. I and 2, the normalized odds-ratios
in Table 1.

Noise
Nearly 4OVo of the participants felt inconvenience

from outdoor noise. As for thermal conditions a dra-
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Fig. 2. Symptoms related to thermal conditions. Inconvenience from
cold floors. Left columns: control group; right columns: study group.
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Table l. Normalized odds-ratios for disturbances and symptoms

August December January February

Temperature
Draught
Cold floor
High temperatures
Low temperatures

0.07
0. l5
1.32
0.l5

0.08
0. ló
t.22
0. l4

0.06
0,l8
0.79
0. l7

Noise
Outdoor noise
Noise from the building

I
I

0.04
0.33

0.02
0.26

0.03
0.35

Symptoms related to mucosal surfaces
Smarting or irritation of the eyes

Dryness of the throat
0.33
0.44

0.00
0.52

0.00
0.67

Rheumatic symptoms
Joint pains
Analgesics for joint pains
Neck/back pains
Analgesics for back pains

0.79
1.30

0.38
0.73

0.41
0.37
0.1I
0.1I

0.28
0.32
0. l8
0. l9

General symptoms
Heaviness of the head
Headache

0.@
0.45

0.2s
0.63

0.35
0.72

matic effect was found. After retrofitting, complaints
from outdoor noise almost disappeared. Retrofitting
had a moderate effect on noise from inside the build-
i.g.

The percentage frequencies in Fig. 3 and normal-
ized odds-ratios are shown in Table 1 The odds-ratios
for noise from the outside are significantly lower than
| (O.lVo level) and odds-ratios for noise from inside
the building are significantly lower than 1 (5Vo level).

Symptoms related to mucous membranes
These symptoms consist of stinging and irritation

of the eyes and dryness of the throat. These symptoms

were only reported by few persons and the frequency
decreased in the winter months in both the study and
the control group.

There was a tendency for less symptoms in the
study group, but the normalized odds-ratios were not
significantly different from 1.0. Odds-ratios were ad-
justed for age, smoking habits, and colds, but this did
not change the odds-ratios significantly (Fig. 4 and,
Table 1).

Rheumatic symptoms

Questions on rheumatic symptoms and consump-
tion of analgesics for these were included, because an
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Fig. 3. Complaints on exposure to noise in the apartment. Left col-
umns: control group; right columns: study group.
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Fig. 4. Symptoms related to mucous membranes. Dryness of the
throat. Left columns: control group; right columns: study group.
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Fig. 5. Rheumatic symptoms. Muscular pains in the back neck. Left
columns: control group; right columns: study group.
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Fig. 6. General symptoms. Headache and sensation of heaviness of
the head. Left columns: control group; right columns: study group.
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improvement in thermal conditions might influence
pain due to rheumatic diseases. Symptoms were di-
vided between joint pains, thought to be characteristic
of osteoarthritis in the elderly and muscular pains in
the back or neck.

Retrofitting caused a decrease of symptoms and a
corresponding decrease in consumption of analgesics;

for both there was a latency period of one month. Not
all normalized odds-ratios were significant but the above

mentioned pattern emerged clearly (Fig. 5, Table 1).

The symptoms were standardized to age (below/
above 60 yr). The pattern was the same as for the un-
standardized odds-ratios but the effect of retrofitting
was most pronounced in persons above 60 years.

General symptoms
These symptoms included headache and sensation

of heaviness of the head. These symptoms were re-
ported by only LOVo-2OVo of the participants. The
symptoms were found to decrease in the study group

after retrofitting. Only one of the normalized odds-

ratios was significant at a 5Vo level, but all odds-ratios
were between 0.25 and0.72 (Fig. 6, Table 5). A strati-

fication with respect to age, sex, flu, and colds were

undertaken without any change in the tendency.

Discussion

Generally, the relationship between housing and

health is described as extremely complex. Health dis-
orders may be the combined outcome of exposure at

work, breathing polluted outdoor air, smoking, and

poor housing. Also, those in better housing may be

suffering the health consequences of living a longer
time in very much worse conditions (}dcCattl:,y et al.,
1985). The elderly as a risk group, in particular in

improperly heated houses, has been described earlier
(Collins et al., 1977).

The description of health effects which can be as-

sociated with indoor nonoccupational exposure are re-
cently listed with reference to combustion sources and
indoor air quality (U.S. Department of Energy, 1985).
The knowledge available is based on clinical as well
as epidemiological research.

However, such symptoms as headache, smarting or
irritation of the eyes, dryness of the throat, and joint
pains are not specific for indoor climate exposure. An
estimate of the occurrence of headache and mucous
membrane irritation in a representative group of Dan-
ish citizens at home and at work has been made by
interviews among a representative sample size of 2060
Danish adult citizens (Valbjørn and Kousgaard, 1984).

For January 1983, the frequencies of headache and

dryness or irritation in mucous membranes once a

week or more was reported from about 7Vo-8Vo of
adults in dwellings and between 12%o-16%o at work.
Several variables such as type of dwelling, inhabitants
per room, male or female, age, occupation, smoking
habits, and location of dwelling in humid or moldy
areas was found to have significant influence on the
frequency.

Much higher numbers were found in a self-admin-
istered Work Environment Survey questionnaire de-

signed to collect perceptions of environmental
conditions and prevalence of building illness symp-
toms. The questionnaire was administered to 1106 of-
fice workers in New York City. Thirty-seven percent
of office workers reported headaches, 52Vo repotted
fatigue, whlle 32Vo reported nasal irritation and 37Vo

reported eye irritation more than once a week.
Twenty-one percent of respondents reported sore
throat or headcold symptoms once a week or more
(Sterling, 1984).
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The prevalence of reported health effects in such
questionnaire surveys should be supported by either
environmental measurements or a clinical examination
of each individual. This has been done in population
studies of relationship between indoor air pollution
sources and chronic obstructive respiratory disease.
But even here results may be confounded by selective
underreporting of personal exposure such as active
smoking (Tashkin et al., 1984). We have therefore
decided to focus only on the relative differences be-
tween the two groups, and within each group to follow
random fluctuations and seasonal changes.

The response rate from the first questionnaire was
54Vo; this might seem low, but response rates in ques-
tionnaire studies may be as low as25Vo in ..healthy"
buildings and 4OVo in "sick" buildings (Stolwijk,
1984). The persons who participate in an epidemiol-
ogical study like this will not benefit directly or per-
sonally. The nonrespondents may not be motivated
enough to participate.

In addition, we assume that the low response rate to
some extent is due to the fact that the questionnaire
had a rather computer-like design in order to facilitate
analysis of data. Furthermore, the participants may
have felt obliged to answer the following three ques_
tionnaires if they had answered the first one.

The only information available for all participating
persons included sex, age, and address. There was
apparently no selection with regard to these three fac_
tors.

Originally the study group was supposed to be as
large as the control group. The observed reduction is
not only due to loss of participants, but is as men-
tioned before mainly the result of the building socie_
ties' change of plans for the replacements of windows.

The results of the study are rather clear-cut, even
though the reduction in participants was large. The
nonparticipants had to be different from the partici_
pants to influence the results in an opposite direction.
The effects are registered for the same participants
before and after the intervention took place, i.e., the
results are intrapersonnel variations. We conclude,
therefore, that the magnitude of the effects must be
interpreted with some caution, whereas the trends are
clear.
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in strategy might be the
improvement of the existing housing by building ren-
ovation. This can be done as an integrated part of
energy conservation policy. This has the advantage of
improvements for the entire risk population which can
be defined in the older housing sector, and not only
those already ill.

This study has demonstrated the benefits of a less
drafty dwelling to the elderly, who spend most of their
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time at home. The disadvantages of reduced natural
ventilation on indoor air quality could not be demon-
strated, because it is less pronounced in old buildings
where off-gassing from materials are neglible. In ad_
dition, the households were usually small and did not
include overpopulated dwellings, which in Denmark
is stipulated to be more than two individuals older than
2 yr per room.

The size of the population in the study was not large
enough to include at random a sufficient number of
subjects suffering from allergic diseases. Those indi-
viduals should be first to respond on changes in indoor
allergens caused by house dust mites, favoured by
increased air humidity after sealing of the houses
(Korsgaard, 1983a, 1983b).

Therefore requirements to the ventilation rates after
retrofitting of the dwellings should still be considered
from a health point of view. The ventilation rates
should fulfil the existing building code for new
houses. These specify an air change rate of 0.5 per
hour and the presence of a user operable fresh air
valve in each room with a free square of 30 cm2 (Dan_
ish Building Code, 1982). Even better would be to
agree with the Guidelines for Nordic Building Regu_
lations regarding indoor air, which has specified a
fresh air supply of 4 L/sec per person in bedrooms
(Sundell, 1982). This equals 0.9 ach in an average
bedroom of 30-35 m3, which is almost twice the pre_
scribed value of 0.5 ach.

Epidemiological studies in continuation including
environmental measurements should emphasize this
need in further detail.
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