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ABSTRACT. In the epidemiological analysis of chronic diseases (most often cardiovascular
or cancer) the main problem of interest is the estimation of the risk of death (or getting ill) related
to set of characteristics called risk factors. For epidemiological studies typical features are:

~ large sample size (at least 1000 persons),

—  long follow up period for survival analysis (5 or more years),

— large percentage of censored observations (patients who survive the whole time of study,
more than 90%),

-~ large number of registered risk factors.

Some practical problems that concern the statistical analysis of the epidemiological data are
following:

~  selection of the survival function model,

~  selection of the variables included into the model,

- inclusion of interaction and/or higher order effect into the model.

Some solutions of presented problems were applied to the Polish Part of Cardiovascular
Diseases Prevention Program (Euro 8202). The program was conducted in 1976-1982 years with
long follow up period concerning mortality till 1994 year. The program covered 8603 working
men aged 40-59 years in two regions — Warsaw and South-Eastern Poland. Most of statistical
analyses were performed on the basis of standard Statistical Analysis System (SAS) package.
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L. INTRODUCTION

In the epidemiological analysis of chronic diseases (most often
cardiovascular or cancer) the main problem of interest is the estimation of the
risk of death (or getting ill) related to set of characteristics called risk factors.

'Dr, National Institute of Cardiology, Warszawa, Department of Epidemiology and
Prevcn‘tion of CVD,
“*Dr, Jagiellonian University of Krak6w, Institute of Public Health, Collegium Medicum.

[135]



136 Witold Kup$¢, Ewa Kawalec, Bogdan Jasinski

For epidemiological studies typical features are:

— large sample size (at least 1000 persons),

~ long follow up period for survival analysis, 5 or more years,

— large percentage of patients who survive the whole time of study,
(censored observations, more than 90%),

- large number of registered risk factors.

Some practical problems that concern the statistical analysis of the
epidemiological data are following:

— selection of the survival function model,

- selection of the variables included into the model,

~ inclusion of interaction and/or higher order effect into the model.

II. THE WORKING EXAMPLE

Some solutions of presented problems were applied to the Polish Part of
Cardiovascular Diseases Prevention Program (Euro 8202). Details of the
Program are described elsewhere — WHO Collaborative Group (1986), Ry wi k
et al. (1975).

The Program was conducted in 19761982 years and after it the long follow
up period concerning mortality was performed till 1994.

The Program covered 8603 working men aged 40-59 years in two regions —
Warsaw and South-Eastern Poland.

The analysed primary outcome was total mortality divided into three groups
of causes of death: cardiovascular diseases, cancer and death from all other
causes.

The following 11 individual risk factors were included into analyses:
age (AGE) years,
smoking habit (SMOKE) 0 - no, 1 - yes,
systolic blood pressure (SBP) per 10 mmHg,
diastolic blood pressure (DBP) per 10 mmHg,
total cholesterol level (CHOL) mg/dl,

~ body mass index (BMI) (weight kg)/ (height m)?,

— physical activity at work (more than 50% of work time PHAC) 0 - no,
1 - yes,

-~ marital status (MARIT) O — married, 1 — other,
diabetes (DIAB) 0 - no, 1 - yes,
family history of CVD (FHIST) 0 - no, 1 - yes,
coughing up of the phlegm (COUGH) 0 - no, 1 - yes,
region (REG) 0 — South-East Poland, 1 — Warsaw.

I

I
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Most of statistical analyses were performed on the basis of standard
Statistical Analysis System (SAS) package (SAS Technical Report P-217

(1991)).

The main results concerning the baseline values of analysed risk factors and
distribution of deaths registered within period of 18 years are presented in
Table 1 and Table 2 respectively.

Table 1

Mean (fraction), SD of risk factors at baseline

Warsaw South-East Poland
Risk factor (N = 5562) (N =3041)

mean SD mean SD
TIME 15.85 3.27 18.40 3.84
AGE (years) 47.40 5.11 46.35 4.69
SMOKE (0 - no, 1 - yes) 0.61 0.49 0.68 0.47
SBP (mmHg) 135.48 18.05 125.98 16.58
DBP (mmHg) 87.03 10.99 80.14 10.55
CHOL (mg/dl) 207.33 38.09 187.31 36.81
BMI (kg/m?) 26.31 3.40 24.84 3.25
PHAC (0 - no, 1 - yes) 0.92 0.28 0.66 0.48
MARIT (0 — married, 1 - other) 0.08 0.28 0.04 0.19
DIAB (0 - no, 1 - yes) 0.02 0.14 0.01 0.08
FHIST (0 - no, 1 - yes) 0.25 0.43 0.18 0.38
COUGH (0 - no, 1 - yes) 0.43 0.49 0.59 0.49

Table 2

Distribution of registered deaths according to cause and region

Cause of death (VIII and IX ICD Rev.)
Region CVD Cancer All
Total
390-459 140-209 others
N, 445 284 306 1035
Warsaw
% 43.0 27.4 29.6 100.0
South-East N, 343 194 124 661
% 51.9 29.4 18.7 100.0
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ITI. SELECTION OF THE RISK FUNCTION MODEL

Formulation of two most popular survival models analysed in
epidemiological studies may be following: there are N individuals in a cohort,
each observed with a set of k potential risk factors:

z'=(zl$ZZv-'v Zk) (1)
measured at the beginning of the follow-up time period of length 7. The

response variable Y is defined by:

)

_ |1 if thediseaseor death occured during time T
~ 10 otherwise

1) The logistic model of risk factors z with coefficients £, and § = (8, fa,. ..,
Bi) is given as follows:

Pr(Y =1|z,T) = {1+exp(f, - Bz)}™" 3)
and corresponding probability of survival of the follow-up period is
Pr(Y =0|2,T)=S(T|2,B) = exp(B, - B'z){ 1+ exp(- B, ~ B'z)} ! 4)

2) The proportional hazard Cox’s model is based on a hazard rate having the
form

At,z) = Ay (t)exp(a'z) (5)

with the survival function given by
T
S(T | z,a) = exp[- I Jo(t)exp(a'z)dt] (6)
0

In epidemiology the association between outcome Y and the given risk factor
z is measured in logistic regression by odds ratio OR, defined for two different
levels z; and zg:

OR=PR/(1-R): B/(1- ) ©)

which in logistic regression is expressed by OR = exp(f).
In the Cox’s model values of exp(a) are interpreted as hazard rate (HR):

HR = hy(t)/ hy(t) (8)
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Green, Symons (1983) investigated the problem of relationship
between a vector of logistic regression coefficients f and proportional hazard
coefficients a and the main results are following;:
for logistic model if we denote

u=exp(-f, - p'z) )
then

=In(S(T|zP)=In(1+u)/u (10)

and by linearized Taylor series expansion

In(1+u)/u=1/u (11)

if ™' is small. The approximation
=In(S(T | z,B)) = exp(f, +p'z) (12)

holds for exp(fy + P'z) small. From the other hand if for Cox model the
underlying hazard

Ao() =const = A (13)
then

2
[ %(exp(a‘z)dr = ATexp(a'z) (14)
0

and the logistic and Cox model survival functions are approximately equivalent
when

exp(f, +B'z) = ATexp(a'z) (15)

and the natural correspondence is suggested: Sy =In(A7) and g, = a;.

The relation holds for small 4, T and f; i e. for rather rare disease intensity,
short period of follow-up and not too large effects of risk factors. Estimated
values of hazard rates for Cox’s model are presented in Table 3 and odds ratios
for logistic regression in Table 4.
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Table 3
Cox's hazard rates

RISK FACTOR SOUTH-EAST WARSAW COMBINED
AGE 1.07° 1.09° 1.08°
SMOKE 1.66° 2.07° 1.93°
SBP 1.13 1.10° T i
DBP 1.05 1.12° 1.10°
CHOL 1.01 1.00 1.01
BMI 0.99 0.98° 0.98°
PHAC 1.05 0.84 0.96
MARIT 0.80 1.47° 1.26"
DIAB 2.59 2.7 226"
FHIST 1.13 1.00 1.03
COUGH 1.15 1.13¢ 1.16°
REG - - 1.18°

“p<0.05"p<0.01

Table 4.
Logistic regression — odds ratios

RISK FACTOR SOUTH-EAST WARSAW COMBINED
AGE 1.10° L1 1.10°
SMOKE 1.98" 2.36 222
SBP 1.13° 1.12° 1.12°
DBP 1.10 1.14 12!
CHOL 1.01 1.00 1.01
BMI 0.99 0.98 0.98“
PHAC 1.11 0.78¢ 0.98
MARIT 0.97 1.51° 1.37
DIAB 2.53° 2.52° 2.51°
FHIST 1.13 0.95 1.00
COUGH 1.15 1.15 1.16°
REG - = 0.63"

“p<0.05,"p<001
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IV. SELECTION OF VARIABLES

In each statistical package for regression analysis, linear or non-linear, there
are several procedures concerning the selection of the ,best subset” g < k
variables into the model. Selection procedures cover two typical classes: forward
and backward selection K 1einbaum(1996).

The forward selection starts with one variable (or few preselected) and adds
sequentially at each step one with the smallest value of p for testing of
appropriate hypothesis, continuing procedure till all variables with p < a will be
included into the model.

The backward selection starts with the whole set of k variables and excludes
step by step one with largest p value till only the variables with p < a will stay in
the model.

Criterion of including (or excluding) a variable in (or from) the model in
Cox’s or logistic regression packages is most often a p value for testing the
hypothesis of investigated a; or f; coefficient for variable i: Ho: o; = 0 or 8 = 0.
The stopping rule presumes that all variables selected into model showed p < a
with typical a = 0.05.

In epidemiological investigation the recommended procedure is a backward
one. It allows to estimate the impact of all analysed explanatory variables on the
outcome and to compare it with the ,best selected subset”.

Table 5.

Results of PHREG ANALYSIS for full model and after backward selection procedure
(total mortality combined region)

RISK FACTOR FULL MODEL AFTER SELECTION
AGE 1.09° 1.08°
SMOKE 2.07° 1.98"
SBP 1.10° 1.11°
DBP 1122 1.10°
CHOL 1.00 <
BMI 0.98° o
PHAC 0.84 =
MARIT 1.47° 1.29°
DIAB 2:99° 2.22%
FHIST 1.00 -
COUGH 15152 1.14°

“p<0.05 *p<001
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In epidemiology some of explanatory variables should be included into the
model regardless of the result of the statistical test. However generally the
variables significant in the full model are also included in the ,best subset”.
Results of reduction of initial full model including 11 variables by SAS
procedure PHREG with backward selection are presented in Table 5.

V. EFFECT OF INTERACTION AND HIGH ORDER COMPONENT

Interaction in logistic and Cox’s regression models is defined as
multiplicative one. For hazard ratio we have:

HR(t, 7)) = exp(c), HP(t, 22) = exp(0%)

HR(t, 2122) = exp(0y + 0 + 9)
and

HR(t, 122)/[HR(t, z1)' HR(t, 22)] = exp()

The multiplicative interaction does not hold when:

HR(t, 2122) = HR(t, 21)'HR(t, ) or 6 = 0

When interactions are included into model then the formulae for HR contain
coefficients &; and corresponding values of variables z;.

The standard error Sg(l) for the estimator [ of L is calculated as error of
linear combination of errors of estimators b; and d; of parameters f; and J;

S2(l) = var(l) = var(b) + 2(z;)*var(d;) + 2Zzicov(b, d;)

what allows to calculate the confidence limits (H., Hy) for HR:
HR,=exp{b+diz; + ... + d:z, — u, S()}
HRy=exp{b+d\z) + ... + dyz, + ug Sg(1) }

where u, — quantile of order 1 - @/2 of normal distribution N(O, 1).

Analysis of interaction REGION*SMOKE is presented in Table 6.
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Table 6

An example of analysis of interaction of risk factors with region term ¢

Parameter Standard
Variabl HR HR HR
A Estimate Error P F v
REG 0.4558 0.5468 0.4044 1.58 0.54 4.61
SMOKE 0.5201 0.0973 0.0001 1.68 1.39 2.04
REG*SMOKE 0.2166 0.1210 0.0734 1.24 0.98 1.57

“ Adjusted for remaining 9 risk factors

The covariance matrix of estimates which elements were applied for
calculation of confidence limits is presented in Table 7.

Table 7.
Covariance matrix of estimates
REG SMOKE REG*SMOKE
REG 0.2989 0.0146 -0.0221
SMOKE 0.0095 -0.0093
REG*SMOKE 0.0146

In presence of interaction REG*SMOKE effect of SMOKE is evaluated as:
HRsuk = exp(0.5201 + 0.2166 REG)

For South-East Poland (REG = 0) the result is

HRsyks.p=1.68, HR, = 1.39, HRy = 2.04

For Warsaw (REG = 1) we have

Sz (SMK.War) = 0.0095 + 0.0146 + 2:(— 0.0093) = 0.0055

SE = 0.074, uo_975'S5 = 0. 145

and HRgy war = exp(0.7367) =2.09, HR,=1.81, HRy=2.42
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In similar manner the curvilinear effect of variable BMI was additionally
analyzed. The quadratic effect was introduced into the model:

Parameter Standard

Estimate Error P i Hhe i
BMI —(0.3482 0.0592 0.0001 0.71 0.63 0.79
BMI 0.0062 0.0011 0.0001 1.01 1.00 1.02

The hypothesis Hy: Bemrz = 0 was tested and rejected and hazard ratio for
exp(Bem + Pemiz) and its confidence interval was calculated:
HR=0.71, HR,=0.63, HRy=0.80

VL. CONCLUSIONS

1. The Cox’s proportional hazards model is most popular and most
informative for survival analyzing. It allows estimating the whole survival curve
as well as the influence of risk factors on selected outcome end points. However,
if the main problem of interest is the estimation of the risk factors impact, then
logistic regression model may be used quite appropriate. The logistic model is
not influenced by large number of censored observations at the same time (time
at the end of the study) and obtained estimates of odds ratios are easy to interpret
in medical applications.

2. The backward selection of the variables included in the regression model
allows to estimate the changes of the goodness of fit measures and relation
among analyzed variables in comparison between full and reduced model.
Possibility of fixing some variables in the model enables to analyze their
importance regardless of the results of the tests.

3. The effect of multiplicative interaction is easy to estimate in standard
statistical packages. However the interpretation of the interaction is difficult,
especially for continuous variables, where selection of points to calculate the
hazard rates for interaction is quite arbitrally.
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NIEKTORE PRAKTYCZNE PROBLEMY WIELOZMIENNEJ ANALIZY
PRZEZYC W BADANIACH EPIDEMIOLOGICZNYCH

Jednym z glownych celéw epidemiologicznych badan nad chorobami przewleklymi
(najezgéeiej ukladu krazenia lub nowotworowymi) jest oszacowanie ryzyka zachorowania lub
zgonu w zaleznosci od zespotu cech — czynnikdw ryzyka.

Badania epidemiologiczne charakteryzuja si¢ najezgéciej nastgpujacymi wasno$ciami:

= duza liczebno$¢ préby, powyzej 1000 badanych;

~  dlugi okres obserwacji badanych os6b, ponad kilka lat;

- wysoka frakcja (ok. 90%) osob, ktére przezyly caly okres badania bez incydentu
chorobowego, tzw. cenzorowanie administracyjne;

—  duza liczba czynnikéw ryzyka rejestrowanych w badaniu.

Analiza statystyczna badania epidemiologicznego wymaga, miedzy innymi, rozwigzania
nastepujacych problemow:

-~ wyb6r modelu funkeji oceniajacej ryzyko,

- selekeja badanych w modelu czynnikéw ryzyka,

= ocena wzajemnego oddzialywania (interakcji) badanych czynnikéw i ocena nieliniowych
efektow ich oddzialywania.

Rozwigzanie przedstawionych zadai przeprowadzono na przykladzie analizy wynikow
Polskiego Programu Prewencji Choréb Uktadu Krazenia przeprowadzonego w latach 1976-1982,
obejmujacego 8603 mezezyzn zatrudnionych w zakladach pracy w dwoch regionach Polski —
Warszawy i Polski Poludniowo-Wschodniej i rozszerzonego o obserwacjg postepujaca w zakresie
zgonu do roku 1994,



