Statistics for Epidemiology                 Nicholas P. Jewell 

Solution Set: Chapter 10
Question 10.1

(i) False

(ii) False

Question 10.2

(i) True (look at the CI for the pooled Odds Ratio) 

(ii) False (look at the CI for the Odds Ratio when C is present)

(iii) False (the Odds Ratio when C is present and when C is not present are very similar)
(iv) False (since both Odds Ratios--when C is present and when C is absent--are close to 1, there does not appear to be much evidence of an association between E and D, after controlling for C)
Question 10.3




Low Income

	Exposure
	Case
	Control
	

	Yes
	38
	12
	50

	No
	102
	141
	243

	
	140
	153
	293





High Income

	Exposure
	Case
	Control
	

	Yes
	12
	9
	21

	No
	136
	383
	519

	
	148
	392
	540


	Income
	Log ORi
	wi
	wilogORi

	Low
	1.476
	7.902
	11.663

	High
	1.323
	4.892
	6.472

	Total
	
	12.794
	18.135


Log (OR^ w) = 18.135/12.794 = 1.41746

OR^ w = 4.13

Test of Homogeneity (Woolf method)

H0: ORlow = ORhigh
χ2H = 7.902 (1.476 – 1.417)2 + 4.892 (1.323 – 1.417)2 = 0.071 

df = 2 – 1 = 1;  p-value = 0.79

We fail to reject the null hypothesis that the stratum-specific odds ratios are equal.

Test of Homogeneity (Breslow-Day method)

H0: ORlow = ORhigh
A*(nnotE – nD + A*)/(nE – A*)(nD – A*) = OR

Low income

A*(243 – 140 + A*)/(50 – A*)(140 – A*) = 4.13

A*(103 + A*) = 4.13[(50 – A*)(140 - A*)]

0 = 28,910 – 887.7A* + 3.13A*2

A* = (887.7+√[(-887.7)2 – 4(3.13)( 28,910)])/(2*3.13) = 37.53 or 246.07

We will use 37.53 for A* because use of the other root will result in impossible values for expected values of the other cells (e.g. B* would be negative).

A*Low = 37.53

B*Low = 50 – 37.53 = 12.47

C*Low = 140 – 37.53 = 102.47

D*Low = 243 – 140 + 37.53 = 140.53

V*Low = (1/37.53 + 1/12.47 + 1/102.47 + 1/140.53)-1 = 8.083

High income

A*(519 – 148 + A*)/(21 – A*)(148 – A*) = 4.13

A*(371 + A*) = 4.13[(21 – A*)(148 - A*)]

0 = 12,386.04 – 1068.97A* + 3.13A*2

A* = (1,068.97+√[(-1,068.97)2 – 4(3.13)( 12,836.04)])/(2*3.13) = 12.46 or 329.06

We will use 12.46 because, again, the other will result in impossible values for the other expected cells.

A*High = 12.46

B*High = 21 – 12.46 = 8.54

C*High = 148 – 12.46 = 135.54

D*High = 519 – 148 + 12.46 = 383.46

V*High = (1/12.46 + 1/8.54 + 1/135.54 + 1/383.46)-1 = 4.823

χ2H(a) = (38 – 37.53)2/8.083 + (12 - 12.46)2/4.823 = 0.071

In this case, results from the Breslow-Day method are identical to those based on the Woolf method.

We concluded in Solution 9.1 that the adjusted odds ratio was more than 10% different.  We would, therefore, report the odds ratio adjusted for income.

STATA

. input case exposed income count

          case    exposed     income      count

  1.        1        1          0 

  38

  2.        1        0          0          102

  3.        0 
   1          0           12

  4.        0        0          0          141

  5.        1        1          1           12

  6.        1        0          1          136

  7.        0        1          1            9

  8.        0        0          1          383

  9. end

. cc case exposed [freq=count], by(income) wo bd

          income |       OR      [95% Conf. Interval]    M-H Weight

-----------------+-------------------------------------------------

               0 |   4.377451     2.179825   8.790648      4.177474 (Woolf)

               1 |   3.754902     1.547951   9.108355      2.266667 (Woolf)

-----------------+-------------------------------------------------

           Crude |   5.242097     3.078771   8.925503               (Woolf)

    M-H combined |   4.158475     2.401977   7.199451               

-------------------------------------------------------------------

Test of homogeneity (M-H)      chi2(1) =     0.07  Pr>chi2 = 0.7887

Test of homogeneity (B-D)      chi2(1) =     0.07  Pr>chi2 = 0.7887

                   Test that combined OR = 1:

                                Mantel-Haenszel chi2(1) =     28.76

                                                Pr>chi2 =    0.0000
Question 10.4




Never Smokers

	Exposure
	Case
	Control
	

	Yes
	33
	17
	50

	No
	186
	411
	597

	
	219
	428
	647


OR^ Never Smokers = (33)(411)/(17)(186) = 4.29




Past or Present Smokers

	Exposure
	Case
	Control
	

	Yes
	17
	4
	21

	No
	52
	113
	165

	
	69
	117
	186


OR^ Smokers = (17)(113)/(4)(52) = 9.24




Pooled

	Exposure
	Case
	Control
	

	Yes
	50
	21
	71

	No
	238
	524
	762

	
	288
	545
	833


OR^ Pooled = (50)(524)/(21)(238) = 5.24

	Stratum
	aidi/ni
	bici/ni

	Never Smokers
	20.963
	4.887

	Past or Present Smokers
	10.328
	1.118

	Total
	31.291
	6.005


OR^ MH = ∑(aidi/ni)/∑(bici/ni) = 31.291/6.005 = 5.21

Based on an empirical assessment of confounding, we would conclude here that smoking is not a substantial confounder of the relationship between biomass smoke and TB (the crude and adjusted odds ratios differ by less than 10%).
Test of Homogeneity (Breslow-Day method)

H0: ORNever Smokers = ORSmokers
Never Smokers

A*(597 – 219 + A*)/(50 – A*)(219 – A*) = 5.21

A*(378 + A*) = 5.21[(50 – A*)(219 - A*)]

0 = 57,049.5 – 1,779.49A* + 4.21A*2

A* = (1,779.49+√[(-1,779.49)2 – 4(4.21)(57,049.5)])/(2*4.21) = 34.95 or 387.7

For the reasons, described in the solutions to Solution 10.3, we will use 34.95 for A*.

A*Never = 34.95

B* Never = 50 – 34.95 = 15.05

C* Never = 219 – 34.95 = 184.05

D* Never = 597 – 219 + 34.95 = 412.95

V* Never = (1/34.95 + 1/15.05 + 1/184.05 + 1/412.95)-1 = 9.717

Past or Present Smokers

A*(165 – 69 + A*)/(21 – A*)(69 – A*) = 5.21

A*(96 + A*) = 5.21[(21 – A*)(69 - A*)]

0 = 7,549.29 – 564.9A* + 4.21A*2

A* = (564.9+√[(-564.9)2 – 4(4.21)(7,549.29)])/(2*4.21) = 15.05 or 119.13

A*Smokers = 15.05

B* Smokers = 21 – 15.05 = 5.95

C* Smokers = 69 – 15.05 = 53.95

D* Smokers = 165 – 69 + 15.05 = 111.05

V*Never = (1/15.05 + 1/5.95 + 1/53.95 + 1/111.05)-1 = 3.816

χ2H(a) = (33 – 34.95)2/9.717 + (17 - 15.05)2/3.816 = 1.39

df = 2-1 = 1
p-value = 0.24

We fail to reject the null hypothesis that the stratum-specific odds ratios are equal based on a test size of .05 or 0.2. However, in this case, it may be worth indicating that the size of the Odds Ratios differed substantially across the smoking groups.

We can, therefore, report the crude (pooled) odds ratio as we concluded there is little confounding by smoking.  Considering, however, there is little loss in precision across the pooled and adjusted odds ratios (see confidence intervals in STATA output below), it would be fine to report the adjusted results as well. 
STATA

. input case exposed smoke count

          case    exposed      smoke      count

  1. 

1 
   1 

   0 

  33

  2. 

1        0           0         186

  3. 

0        1           0          17

  4. 

0        0           0         411

  5. 

1        1           1          17

  6. 

1        0           1          52

  7.
      0        1           1           4

  8. 

0        0           1         113

  9. end

. cc case exposed [freq=count], by(smoke) wo bd

           smoke |       OR      [95% Conf. Interval]    M-H Weight

-----------------+-------------------------------------------------

               0 |   4.289374     2.330109   7.896082      4.887172 (Woolf)

               1 |   9.235577     2.960721   28.80915       1.11828 (Woolf)

-----------------+-------------------------------------------------

           Crude |   5.242097     3.078771   8.925503               (Woolf)

    M-H combined |    5.21041     3.060086   8.871767               

-------------------------------------------------------------------

Test of homogeneity (M-H)      chi2(1) =     1.36  Pr>chi2 = 0.2430

Test of homogeneity (B-D)      chi2(1) =     1.39  Pr>chi2 = 0.2392

                   Test that combined OR = 1:

                                Mantel-Haenszel chi2(1) =     43.44

                                                Pr>chi2 =    0.0000

Question 10.5

Table for age group 25-54 years old

	Alcohol Consumption
	Cases
	Controls
	

	>80gms/day
	30
	64
	94

	<80gms/day
	26
	408
	434

	
	56
	472
	528


Table for age group 55-75+ years old

	Alcohol Consumption
	Cases
	Controls
	

	>80gms/day
	66
	45
	111

	<80gms/day
	78
	258
	336

	
	144
	303
	447


Since this is a case control study, we use the Odds Ratio as our measure of association.

For this study, define interaction on the multiplicative scale:

No multiplicative interaction:

ORage1=ORage2
Hypotheses for homogeneity testing:

Ho: ORage1=ORage2
Ha: ORage1(ORage2
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	Woolf

	Age
	logORi
	wi
	wilogORi

	25--54
	1.986
	11.303
	22.447

	55—75+
	1.571
	18.649
	29.297

	Total
	
	29.952
	51.744
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There is no strong evidence of interaction between age and alcohol consumption in relation to the incidence of oesophageal cancer.

STATA:



display chiprob(1,1.215)

.27034415

input age alcohol case count

           age    alcohol       case      count 

  1.        1  
 1 

1          30

  2.        1        1 

0          64

  3.        1 
 0 

1          26

  4.        1        0 

0         408

  5.        2        1 

1          66

  6.        2        1 

0          45

  7.        2        0 

1          78

  8.        2        0 

0         258

  9. end

. cc case alcohol [freq=count], by(age) woolf

             age |       OR      [95% Conf. Interval]    M-H Weight

-----------------+-------------------------------------------------

               1 |   7.355769     4.087436   13.23748      3.151515 (Woolf)

               2 |   4.851282     3.075577   7.652202      7.852349 (Woolf)

-----------------+-------------------------------------------------

           Crude |   5.640085     4.000589   7.951467               (Woolf)

    M-H combined |   5.568569     3.874674   8.002985               

-------------------------------------------------------------------

Test of homogeneity (M-H)      chi2(1) =     1.21  Pr>chi2 = 0.2706

                   Test that combined OR = 1:

                                Mantel-Haenszel chi2(1) =     98.72

                                                Pr>chi2 =    0.0000

Question 10.6

                             First Class

	Sex
	Died
	Survived
	

	Female
	5
	139
	144

	Male
	118
	61
	179

	
	123
	200
	323




Second Class

	Sex
	Died
	Survived
	

	Female
	12
	94
	106

	Male
	146
	25
	171

	
	158
	119
	277


Third Class

	Sex
	Died
	Survived
	

	Female
	110
	106
	216

	Male
	418
	75
	493

	
	528
	181
	709


Test of Homogeneity (Woolf method)

H0: RRFirst = RRSecond = RRThird
wi = bi/ai(ai+bi) + di/ci(ci+di)

	Stratum
	log RRi
	wi
	wi log RRi

	First Class
	-2.9437
	5.1035
	-15.023173

	Second Class
	-2.0205
	13.3510
	-26.9756955

	Third Class
	-0.5098
	207.2442
	-105.6530932

	Total
	
	225.6987
	-147.6519617


log RRW = -147.6519617/225.6987 = -0.654199

χ2H = 5.1035 (-2.9437+0.654199)2 + 13.3510 (-2.0205+0.654199)2 

               + 207.2442(-0.5098+0.654199)2 = 56.0

df = 3 – 1 = 1;  p-value = <0.001

The Woolf test of homogeneity indicates that there is multiplicative interaction between ticket class and gender on death risk.

STATA

The cs command only allows the Woolf method to be used with the Odds ratio as the measure of association.  The command

. cs dead sex, by(pclass) 

produces

          pclass |       RR      [95% Conf. Interval]    M-H Weight

-----------------+-------------------------------------------------

               1 |   .0526718     .0221202   .1254201      52.60681 

               2 |   .1325924     .0775464   .2267125      55.87004 

               3 |   .6006335     .5241817   .6882359      127.3456 

-----------------+-------------------------------------------------

           Crude |    .336869     .2893894   .3921385               

    M-H combined |    .367509     .3190104   .4233807

-------------------------------------------------------------------

Test of homogeneity (M-H)      chi2(2) =   83.147  Pr>chi2 = 0.0000

Which uses different weights, yielding an alternative test of homogeneity. In this case, the heterogeneity in relative Risks is so striking that either approach yields very significant results.
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