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A B S T R A C T

Aim of the study was to estimate, the relationship between survival, smoking habits,

and the results of medical examinations in inland and coastal regions of Croatia. Age

and sex stratified sample of general population (1,571 men and 1,793 women, 37–56

years old in 1972; followed in 1982: N= 1,090 men; 1,325 women and/or 1972–1999

controlling vital status). Relative risks and 95% confidence limits were estimated using

Cox regression in the model with time dependent covariates, separately by sex. In all re-

gions, the proportion of male smokers decreased between 1972 and 1982. The proportion

of female smokers increased, differently in urban and rural regions. During the fol-

low-up between 1972 and 1999, 568 deaths were recorded among men and 382 among

women. In men, in addition to age, significant hazards of death were the number of

smoked cigarettes per day, body mass index, sedative intake, vital lung capacity (FVC),

100FEV1/VC, systolic blood pressure, electrocardiogram, history of heart attack, and

region. In women, in addition to age, significant predictors were the number of smoked

cigarettes per day, systolic blood pressure, electrocardiogram, history of heart disease

(excluding coronary diseases), and region. Survival relative risk increased with each

additional smoked pack of cigarettes by 2.4% in women and 1.3% in men. Regional dif-

ferences vs. smoking habit were observed. These data emphasize the need for prevention

of smoking.
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Introduction

Morbidity and mortality risks includ-
ing cardiovascular diseases and impact of
smoking in transitional countries such as
Croatia were verified in the world health
statistics1. There has been a series of stu-
dies on the influence of smoking on
health in the second half of 20 century2–6.
Besides, prospective studies indicate that
smoking habit affects survival as well as
general and specific mortality7,8. Several
papers published earlier in Croatia ana-
lyzed the influence of smoking on health9.
They did not focus on survival, including
regional differences and/or results of pro-
spective check up10–12. Our earlier results
corroborate the findings on the variabili-
ty of survival in different regions and/or
urban vs. rural areas in Croatia13. It is
well known that long-term smoking is re-
lated to long-term consequences on vari-
ous indicators of health. The epidemiolog-
ical model presented in this paper
included some health indicators (qualita-
tive or quantitative variables) and regio-
nal characteristics associated with smok-
ing habits.

This part of the prospective study in
adult and/or aged population is focused
on the estimation of cigarette smoking in
the past, including findings from past
medical checks (a questionnaire on chro-
nic bronchitis, chronic cardiovascular dis-
eases, sedative intake, electrocardiogram
findings (ECG), respiratory function
tests, forced expiratory time, ausculta-
tion of concomitant adventitious lung
sounds (râles), suffering pneumonia, sys-
tolic and diastolic blood pressure, nutri-
tion habits, anthropometrics etc.) on all-
cause mortality and survival rate. Poten-
tial differences regarding characteristics
of the coastal and the inland features in
past medical check up as well as vital da-
ta including general mortality were mul-
tivariate taken into account. Genders we-
re analyzed separately in the model.

Subjects and Methods

Sampling involved two stages. The
first stage was a judgment sample of six
regions (out of 104 in 1969) covering rural
and urban, inland (region: Zagreb /two
urban areas/ and Virovitica /rural/) and
coastal regions of Croatia (region: Split
/urban/, Omi{, region, island Vis /rural/).
The second stage was gender stratified
with the sampling frame taken from vo-
ter’s registry (Figure 1).

Survey and Interview Data

This study on age and sex stratified
general population sample (aged between
38 and 57) started in 1972. Medical exa-
minations and interviews, aimed at nega-
tive effects of certain habits, were conduc-
ted in 1972 and 1982. After exclusion of
subjects unwilling to undergo medical
measurements such as respiratory func-
tion tests and ECG the final sample in
1972 included 1,571 men and 1,793 wo-
men. Results and data of the check-up
and interviews were coded. Smoking hab-
its were registered as a number of ciga-
rettes/day. Body mass index (BMI) was
derived as weight (kg)/height2 (m). The
history of past illnesses was coded accord-
ing to ICD IX code. Electrocardiogram
was coded according to Rose and Black-
burn14. Findings were sorted in four
groups: normal, conditionally normal or
bordering, mainly pathological, and pat-
hological. Signs of right heart disease and
ischemic heart diseases were noted sepa-
rately. Forced vital capacity (FVC in L.),
and 100 FEV1/FVC were used as survi-
val-known explanatory variables. Forced
expiratory time in sec. was determined
above trachea using a stopwatch. Aus-
cultation of continuous adventitious lung
sounds (râles); histories of pneumonia
and chronic heart diseases were included
in the check-up form for chronic obstruc-
tive pulmonary diseases, and tuberculo-
sis15.
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Fig. 1. Flow chart of prospective study.



Vital Data

Vital status data (alive-dead, cause of
death, moved out from county or country)
were collected between 1 January 1973 –
31 December 1999 (Table 1). Files with
the lists of voters and files from birth reg-
ister offices, diocese offices, mortuaries
and cemeteries were searched through.
Official forms of the Central Bureau of
Statistics in Croatia were also checked.
Subjects and/or their families were also
contacted by phone. A small number of
participants were hospitalized during ex-
aminations. 239 subjects died between
1973 and 1982. A total of 568 men and

382 women died between 1972 and 1999.
Subjects who died from external causes
and 48 subjects whose status could not be
verified were excluded from analysis.

Epidemiological Modeling

The composition of analyzed variables
in multi-variable model was created em-
pirically after processing univariate analy-
sis as statistically significant, separately
by sex16–23. Cigarette smoking was ana-
lyzed incorporating explicatory variables
(multivariate approach). Apart from ciga-
rette smoking data, the model included
quality and quantity explicatory variab-
les. Quality components included body
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TABLE 1
PARTICIPANTS IN FOLLOW-UP STUDY INCLUDED IN THE MODEL BY REGIONS AND SEX

REGION Total
Deaths

N (%)

Censured

Alive N (%) The rest* N (%)

^rnomerec 651 182 (28.0) 413 (63.4) 56 (8.6)

Men 292 111 (38.0) 153 (52.4) 28 (9.6)

Women 359 71 (19.8) 260 (72.4) 28 (7.8)

Centar 549 144 (26.2) 363 (66.1) 42 (7.7)

Men 273 88 (32.2) 165 (60.4) 20 (7.4)

Women 276 56 (20.3) 198 (71.7) 22 (8.0)

Virovitica 769 276 (35.8) 413 (53.7) 80 (10.5)

Men 338 169 (50.0) 141 (41.7) 28 (8.3)

Women 431 107 (24.8) 272 (63.1) 52 (12.1)

Omi{ 745 204 (27.4) 498 (66.8) 43 (5.8)

Men 365 119 (32.6) 225 (61.6) 21 (5.8)

Women 380 85 (22.4) 273 (71.8) 22 (5.8)

Split 371 76 (20.5) 261 (70.4) 34 (9.1)

Men 182 49 (26.9) 119 (65.4) 14 (7.7)

Women 189 27 (14.3) 142 (75.1) 20 (10.6)

Vis 279 68 (24.4) 204 (73.1) 7 (2.5)

Men 121 32 (26.5) 83 (68.6) 6 (4.9)

Women 158 36 (22.8) 121 (76.6) 1 (0.6)

Total 3364 950 (28.2) 2152 (64.0) 262 (7.8)

Men 1571 568 (36.2) 886 (56.4) 117 (7.4)

Women 1793 382 (21.3) 1266 (70.6) 145 (8.1)

* Rest = external causes of death + unknown residence status+ lost to follow-up



mass index, sedative intake (4 catego-
ries), adventitious lung sounds (râles),
pneumonia in the past, forced expiratory
time, electrocardiogram findings, previ-
ously suffered myocardial heart attack,
ischemic heart disease, other heart disea-
ses, and residence status (Figure 1; Table
3a, Table 4a). Quantity components in-
cluded age, number of smoked cigarettes
per day, forced vital capacity, 100FEV1/VC,
systolic, and diastolic blood pressure (Fi-
gure 1; Table 3b; Table 4b). Body mass in-
dex (18.5–25), ECG, mortality in Virovitica
region, and negative results of described
variables was used as baseline values.

Statistical analysis

Data processing included descriptive
statistics and survival analysis by Cox re-
gression method with changeable predic-
tors explaining the relative risk of death
and 95% confidence limits separately for
men and women24. The analyses were
performed using SAS 8.0 software (SAS
Institute Inc. 2003).

Results

The lowest mortality among women
was observed in Split and among men in
Split and Vis the highest in Virovitica
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TABLE 2
FOLLOW-UP OF SMOKERS (1972 AND 1982) BY REGIONS AND SEX

REGION
1972 1982

N Smokers (%) N Smokers (%)

^rnomerec 651 254 (39.0) 435 164 (37.7)

Men 292 164 (56.4) 191 90 (47.1)

Women 359 90 (25.5) 244 74 (30.3)

Centar 549 217 (39.5) 382 137 (35.9)

Men 273 141 (51.6) 183 81 (44.3)

Women 276 76 (27.7) 199 56 (28.1)

Virovitica 769 224 (29.1) 557 142 (25.5)

Men 338 207 (61.8) 230 123 (53.5)

Women 431 17 (3.9) 327 19 (5.8)

Omi{ 745 160 (21.5) 595 121 (20.3)

Men 365 143 (39.9) 282 103 (36.5)

Women 380 17 (4.5) 313 18 (5.8)

Split 371 149 (40.2) 214 86 (40.2)

Men 182 102 (56.0) 101 45 (44.6)

Women 189 47 (25.0) 113 41 (36.3)

Vis 279 77 (27.6) 232 69 (29.7)

Men 121 65 (54.6) 103 48 (46.6)

Women 158 12 (7.8) 129 21 (16.3)

Total 3364 1081 (32.1) 2415 719 (29.8)

Men 1571 822 (52.8) 1090 490 (45.0)

Women 1793 259 (14.6) 1325 229 (17.3)
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(Table 1). Table 2. presents the analysis
of smoking habit related to region and
sex. In 1972, there were 52.8% men smo-
kers, and 14.6% women smokers. In 1982,
the proportion of men smokers decreased
significantly to 45.0%, and the proportion
of women smokers increased to 17.3%.
The proportion of men smokers in 1972
ranged from 40.0% in Omi{ to 61.8% in
Virovitica. Ten years later (1982), the pro-
portion of men smokers was still the low-
est in Omi{ (36.5%) and highest in Virovi-
tica (53.5%) region. There is a noticeable
difference between women from urban
(Centar, ^rnomerec, Split) and rural re-
gions (Virovitica, Omi{, Vis). In 1972, the-
re were more than 25% women smokers
from urban areas and less than 8% from
rural areas. In 1982, the proportion of wo-
men smokers increased and was above
20% in urban and below 8% in rural re-
gions. The exception is Vis where the pro-
portion of women smokers increased from
7.8% to 16.3% between 1972 and 1982.

Table 3 A presents, in sample of men
the distribution of qualitative variables
and RR for survival. Trends of sedative
consumption and frequency of health prob-
lems were noticed.

Table 3 B (distribution of quantitative
variables, RR for survival in men sample)
shows a statistically significant increase
in BMI >25, systolic pressure, and a dec-
rease in FVC. Apart from age, BMI, seda-
tive consumption, FVC (decline >0.1 L),
100FEV1/VC (10% decline), systolic blood
pressure (inclination >10 mm Hg), adver-
se ECG findings, past heart attacks, and
the region presented a statistically signif-
icant RR in men. In women (Table 4A.,
4B.), these risks included (apart from age)
systolic pressure >10 mm Hg, adverse
ECG findings, history of heart diseases
(with the exception of coronary syndro-
me) and the region.

The analysis showed statistical signif-
icance of smoking to survival in men and
women. The relation was more obvious in

women. In men, each additional cigarette
pack smoked per day increased the death
risk by 1.3%. In women each additional
cigarette pack smoked per day increased
the risk by 2.4%.

Discussion

Results on cigarette smoking habit
were described by multivariate Cox reg-
ression. Apart from smoking, the model
included a set of concomitants explicatory
variable. The study points out that the re-
lative risk of death related to smoking
habit is more obvious in women, which is
in line with the results of similar stu-
dies25,26. Study results confirmed that to-
bacco smoking independently represents
one of statistically significant survival risks,
as well as included confounders27,28. The
relative risk of some confounders resul-
ted insignificantly in the model. We spec-
ulate that the reasons for that may be in
a relatively low mortality rate, especially
in women. We could not analyze specific
mortality (e.g. cardiovascular, neoplasm).
In the Republic of Croatia, apart from the
known tobacco production size (Virovitica
region: possible occupational exposure to
nicotine = green tobacco sickness), there
has been no analysis conducted so far,
which would be comprehensible, epidemi-
ological, prospective and age-based cohorts.
Neither has been conducted an analysis
regarding sex, urban/rural population, and
regarding macro-regional or regional lo-
cation29,30. Mortality in Croatia is higher
than in the neighboring western coun-
tries13,30,31. Moreover, our multivariable
model indicates mortality dissimilarities
between urban and rural areas of the
country. In rural areas, unfit life and work
conditions, diet structure, and incomplete
health insurance that had been in func-
tion until 1976, could explain these re-
sults to some extent. This mostly relates
to the survival results in the population
of Virovitica and Vis. Besides, population
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sample from Virovitica as an inland rural
area has the worst morbidity indicators11,13.
Higher death risk in women from the re-
gion of Vis (in comparison with Split re-
gion) is statistically significant. It might
be possibly derived that biologically com-
mon difference in survival between men
and women was missing. We have tried to
apply a limited model to imitate actual life
conditions. Smoking in our study does not
include smoking index, passive smoking
or separate data on former smokers in
both check-ups and specific mortality ra-
tes. The study is limited by incomplete
data on specific mortality (e.g. lung neop-
lasm). They were not included in the mul-
tivariate epidemiological model because
of small frequencies with specific cause of
death in the sample in this follow-up.
That type of data analysis could not esti-

mate differences in survival between wo-
men and men. The inconvenience of the
method is that the model could not solve
the relation between statistical interac-
tions and biologic synergism for health
indicators. Our results confirm the sus-
ceptibility of men and especially women
smokers, indicating a necessity to impro-
ve prevention of smoking in order to in-
crease a survival. Our report justifies the
extension of a prospective study of long-
-term effects of smoking, and widens com-
pound of explicatory variables on life span,
survival and mortality.
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PU[ENJE, SIMPTOMI KRONI^NIH BOLESTI I PRE@IVLJENJE U
KONTINENTALNOJ I OBALNOJ POPULACIJI U HRVATSKOJ:
DALJNJE ISTRA@IVANJE

S A @ E T A K

Cilj istra`ivanja bio je procijeniti povezanost `ivotnih navika, a posebno navike pu-
{enja cigareta te sklopa pojedinih rezultata jednostavnih lije~ni~kih pregleda s traja-
njem du`ine `ivotnog vijeka – pre`ivljenjem vode}i ra~una o kontinentalnoj i primor-
skoj regiji zemlje ali i razli~itostima urbanog i ruralnog na~ina `ivljenja. Istra`ivanje
se temeljilo na podacima dobno i spolno stratificiranog uzorka op}e populacije Hrvat-
ske u dobi od 38–57 g. (1571 mu{karac i 1793 `ene iz 1972 g., te ponovljenog pregleda
1982 g na ispitanicima koji su se odazvali na ponovni pregled (N= 1090 M; 1325 @)
/op}ine: Zagreb – ~etvrti: Centar i ^rnomerec; Split, Omi{, Vis, Virovitica). Od 1985–1999
g. pra}en je vitalni status sudionika studije. U razdoblju izme|u pregleda 1972–1982 g.
registriran je pad broja pu{a~a cigareta u cjelokupnom uzorku. Uo~ljiva je razlika u
broju `ena pu{a~a u urbanim i ruralnim sredinama, te porast navike pu{enja u `ena. U
gradskim sredinama broj pu{a~ica cigareta bio je vi{e od 28%, a u ruralnim 6%. U uzor-
ku stanovni{tva otoka Visa navika pu{enja se u tom razdoblju u pu~anstvu uve}ala sa
7.8 na 16.3%. Nakon univarijatne analize koja je arbitrarno uklju~ila varijable potenci-
jalno povezane s navikom pu{enja ura|ena je multivarijatna analiza postupkom Coxo-
ve regresije. U populaciji mu{karaca uz dob kao zna~ajni prediktor hazarda pre`ivlje-
nja te dnevne potro{nje cigareta bile su kao eksplikatorne varijable zabilje`ene BMI,
lije~enje sedativima, vitalni kapacitet, 100FEV1/VC, sistoli~ki krvni tlak, elektrokar-
diografski nalaz, preboljeli sr~ani infarkt i regija, a najvi{e pu{a~a zabilje`eno je u op-
}ini Virovitica. U `ena su zna~ajni predktori rizik pre`ivljenja uz `ivotnu dob i pu{enje
cigareta bili sistoli~ki krvni tlak, nalaz elektrokardiograma, zabilje`ene preboljele bo-
lesti srca izuzev infarkta miokrada te regionalna pripadnost. Svaka pupu{ena kutija
cigareta vi{e od one koju su ispitanici iznijeli prilikom medicinskog pregleda uve}ava
rizik smrti za 2.4% u `ena, a 1.3% u mu{karaca. U radu se potvr|uje utjecaj navike pu-
{enja cigareta na rizik pre`ivljenja.
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