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Whenever it is suspected that the observed ccrrelations in
a group of variables are confounded by the infiuence of
background factors, it may be aporopriate to investigate
thiis possibility within the context of a path analysis
model (Wright, 1934), Por medical data, typical background
or conditional variables are factors in the anamnesis cr in
the constitution of a patient, or repeated measurements of
of the same type that have been recorded at a different
location or at another time, If a particular type of path
analysis model fits the data, then the observed correlations
for a group of variablss may be reproduced or explained by

their correlations with the background factors,

Assume that the interrelations among variables 1, 2, and 3
are thought to be reproducible by the relations to variables
L, 5, and 6. Then, the appropriate path analysis model is

i

the following (Figure 1): There are no direct paths between

Figure 1: Path diagram for a model with con-
ditional independence ol variables

1, 2, 3 given variables 4, 5, 6
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—orinbles 1, 2, and 3, but paths ars leading to each of
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these {hise variables originating from variables 4%, 5, and
5, and from residual factors, Furthermore, correlations
among the background factors 4, 5, and 6 are permitted

{there are paths with two headed arrocws connecting them};

Ths correlations r:d implied by this model for the variable

puirs (i,2), (1,3), and (2,3) are

{1) r,. = ;P ?
i3 1=4,5,6 11513

where o, ares observed corrsiations, and are the
R

1 P13
s3tandardized estimated linear regression coefficients from
reogressing variables 1, 2, and 3 on variables 4, 5, and 6.
These path coefficients are readily computed using the

sweep-operator (Dampster, 1972) on indices 4, 3, ahd 5 of

the correlation matrix,

The implisd correlations given in (1) are identical to the
correlations implied by a particular covariance

o
selection
modal (Dempster, 1972; Wermuth, 1973 a, b). For th

is
covariance selection model, zero concentrations are fitted
to tha wvariabls pairs (1,2)9 (1,3), (2,3). The model implies
conditional independence of wvariables 1, 2, and 3 given
variables 4, 5, and 6, and it is denoted as 14356/2458/34556

{in amalogy to similar models for contingency tables),

Thus, a simpls likelihood-ratio t2s8t is avallable from the
theory of covariance selection to test the deviations
batween observed and implied corrslations inm ths abovsa
dascribed path analysis wodsl, provided the currsliations
zr® a sampls from a mulidvarizte normal distribution, dere

preci
c <]

sely, l1at n bz the sample 2ize, R ths obaserved
orrelation matrix, and 5 bs the juplisd correiation matrix,
‘han

v : }}3\:! % 'E r\g

{2} ~21n{ ey HEF-C o

with degrees of fraedom squal to the numbser of Zeroc cone

o)
contrations Tor P,



Numerical exampl=2

The following data (Figure 2) have been collected for thes

project "Angioclogy" of SFB 36, supported by the German

Research Council (DFG}. For 112 patients the correia:ions

iuy : Observed correlation matrix R and
correlation matrix P implied by
model 1456/2456/3L56

£ime

between total tims (1), peak time (2), and calm-down time
(3) of pulse waves on the upper arm, and on the forearm

{(variables 4, 5, 6) are given. The path coefficients were
calculated to be

(P]hr P15v p16) = (00696: ~-0,055, 0,155)
1 -0,1557  0,5054\ -1 (0,7824, -0.159%, 0,5050);
1 0.,0264
1

[}

1

(Poys Ppgs Py ) = (-0,008, 0,683, 0,2hk);

(Pay» P550 Pyg) = (0,076, 0,059, 0.840) ,
It can be seen that the resulting implied correlations
vl = 0.c08, ) = 0.475, r2§ = 0,258 differ only little
from the ocbserved corrazlations, The likelihood-ratic test

affirms this impression, Thus, the observed correlations

on the uppsr arm can bs explained by corrslations with the
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corresponding measurements on the forearm.

Summary

Using a mumerical example it is shown how to investigate
the effects of background factors with a path analysis
mocdel, and how to use the theory of covariance selection
to test the differences between observed and implied

corrslations,
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