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Fig.3 Algorithm for causal modeling
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Effect i1, #2%LREME OMTHBEREREE KL, AWM CHBENIC—5T 5,

1)Esophagus:males 1.000
2)Esophagus:females 444 1.000

3)Total Energy 107 .081 1.000

4)Cereal -.059 -.167 -.025 1.000

5Root 135 -.007 480 -.279 1.000

6)Sugar -.004 .333 .406 -.607 .083 1.000

7)Pulse -.227 -.208 -.665 .190 -.436 -.309 1.000

8)Tree Nuts .206 -.088 -.059 .259 -.242 -.304 -.023 1.000

9)Vegetable 337 -.069 .352 .308° .195 -.348 -.213 .368 1.000

10)Fruit -.269 -.328 -.375 -.331 -.071 -.165 .393 -.056 -.080 1.000

11)Meat 259 249 (766 -.440 .354 .590 -.660 -.168 .132 -.253 1.000

12)Egg 062 007 718 -.291 .335 .424 -.635 .213 .353 -.200 .702 1.000

13)Fish 159,391 -.029 -.193 .065 .030 -.265 .313 -.070 -.184 -.056 -.062 1.000

14)Milk Products  -.038 .33 .702 -.474 375 676 -.629 -.314 ~.138 -.227 713 527 .244 1.000

15)Vegetable Oil ~ -.058 -.212 .315-.119 .144 035 -.107 .181 .193 .032 .051 .299 .163 .163 1.000

16)Animal Oil 046 .042 .750 -.309 .515 .493 -.623 -.257 .097 -.262 .756 .675 -.148 .624 -.087 1.000

17)Stimulant 028 -.043 491 -.514 .280 .533 -.449 -.089 -.050 .083 519 .523 .017 .566 .337 .474 1.000

18)Alcohol 2343 -.115 .618 -.048 535 -.007 -.365 -.036 .572 -.073 .433 .381 -.056 .200 .302 .417 .2911.000
D 2 49 5 6 D & 9 100 1) 12 13 14 15 6 17 18

Tablel Correlation coefficients of esophageal cancer with food items.

Table2 Variable selection and effect to other variables in causal modeling
for esophageal cancer in males.

From o~ To Effect F-value(df) P
1.Alcohol — Esophagus 0.343 5.852(44)  0.020
2.Meat — Esophagus 0.429 3.581(43)  0.065

— Total Energy 0.766 62.339(44)  0.000

3.Milk Products — Esophagus -0.453 5.199(43) 0.028
—  Meat 0.713 45.625(44)  0.000

4.Animal Qil — Esophagus -0.348 2.534(43) 0.119
— Meat 0.756 58.596(44)  0.000

5.Total Energy —  Alcohol 0.618 27.213(44>  0.000
6.Cereal —  Sugar -0.607 25.735(44)  0.000
7.Root —  Alcohol 0.535 17.616(44)  0.000
8.Sugar —  Milk Products 0.676 37.005(44)  0.000
9.Pulse - Total Energy -0.665 34.949(44)  0.000
10. Tree Nuts —  Vegetable 0.368 6.902(44) 0.012
11.Vegetable —~  Alcohol 0.572 21.343(44)  0.000
12.Fruit —  Pulse 0.393 8.046(44)  0.007
13.Egg — Total Energy 0.718 46.784(44)  0.000
14 .Fish — Tree Nuts 0.313 4.791(44) 0.034
15. Vegetable Oil —  Stimulant 0.337 5.624(44)  0.022
16.Stimulant —  Milk Products 0.566 20.757(44)  0.000
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Fig.4 1st step of causal modeling for esophageal cancer in males by the use of sixteen food items.
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Fig.5 1st step of causal modeling for esophageal cancer in females by the use of sixteen food items.
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Fig.6 2nd step for causal modeling for esophageal cancer in males by the use of five food items.
*Numerical values are standard partial regression coefficients.
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Fig.7 2nd step of causal modeling for esophageal cancer in females by the use of eight food items.
*Numerical values are standard partial regression coefficients.
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Table3 Variable Selection by Forward Selection Procedure in the
case of Multiple Regression Analysis

Step Food simple . ~ F .
cor.coef. R? R? R?
value
Esophagus:Male
1.  Alcohol 0.343 0.117  0.097 0.078 5.852
2. Fruit -0.270 0.178 0.139 0.103 3.143
3. Total Energy 0.107 0.246  0.192 0.140 3.800
4. Meat 0.259 0.355 0.292 0.232 6.965
5. Tree Nuts 0.206 0.418  0.345 0.276 4.308
6. Egg 0.062 0.454 0.370 0.290 2.579
7. Vegetable 0.337 0.482 0.386 0.295 2.019
8. Cereal -0.059 0.498 0.390 0.286 1.239
Esophagus:Female
1. Fish 0.391 0.153 0.134 0.115 7.950
2. Sugar 0.333 0.256 0.222 0.189 5.983
3. Vegetable Oil -0.212 0.340 0.293 0.248 5.324
4.  Fruit -0.328 0.377 0.316 0.258 2.405
5. Animal Oil 0.042 0.399 0.324 0.252 1.487
6. Meat 0.249 0.450 0.366  0.285  3.641
7.  Tree Nuts -0.088 0.467  0.368 0.274 1.151
8. Vegetable -0.069 0.493 0.383 0.278 1.913
9.  Alcohol -0.115 0.505 0.381 0.263 0.880

R?: Squared Multiple Correlation.

R?: Squared Multiple Correlation Adjusted for the Degree of Freedom.
R2: Squared Multiple Correlation Readjusted for the Degree of

Freedom.
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Table4 Partial Regression Coefficients of Selected Variables

Food Beta B SE(B) F P
Esophagus:Male
1.Alcohol 0.411 0.0194 0.00858 5.088 0.030
2.Fruit -0.332 -0.0180 0.00716 6.329 0.016
3.Total Energy -0.676 —0.0047 0.00174 7.487 0.009
4 .Meat 0.803 -0.0144 0.00381 14.356 0.001
5.Tree Nuts 0.292 0.0401 0.01995 4.035 0.052
6.Egg -0.384 -0.0729 0.03964 3.384 0.074
7.Vegetable 0.236 0.0370 0.02606 2.019 0.163
(Constant) (13.18D)
Esophagus:Female
1.Fish 0.356 0.0120 0.00422 8.025 0.007
2.Sugar 0.278 0.0027 0.00146 3.524 0.068
3.Vegetable Oil -0.328 -0.0034 0.00128 7.164 0.011
4. Fruit -0.219 -0.0040 0.00229 2.962 0.093
5.Animal Oil -0.415 -0.0035 0.00160 4.823 0.034
6.Meat 0.380 0.0023 0.00119 3.641 0.064
(Constant) (1.0097)

Beta: Standard regression coefficient.

B: Regression coefficient.
SE(B) : Standard error of B.
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A New Method for Causal Modelling in Epidemiological
Studies and its Application

Hirofumi Takagi

A new algorithm for causal modeling was devised and introduced to the epidemiological field by
Takagi(1980). In this paper, the method, named “causal chain model”, was described in detail, and applied to
the study on the risk factors of esophageal cancer mortality, using international cancer mortality data and food
supply data. Furthermore, multiple regression analysis was also applied to this study to compare with the
results obtained by the causal chain model.

Some similarities and differences were found and pointed out among the results by the causal chain medel
and those by multiple regression analysis. Through the discussion on the results, it was suggested that the
utility of the causal chain model might be undoubted, and that the concurrent use of multiple regression
analysis could be helpful to interpret the results,of an epidemiological study.
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