Statistics for Epidemiology                 Nicholas P. Jewell 

Solution Set: Chapter 9
Question 9.1



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
	ORi
	aidi/ni
	bici/ni

	Low
	4.38
	18.287
	4.177

	High
	3.75
	8.511
	2.267

	Total
	
	26.798
	6.444


The Odds Ratio for the low income associated with biomass fuel exposure is 4.38 for the low income stratum, and 3.75 for the high income stratum. The Mantel-Haenszel estimator associated with biomass fuel exposure, controlling for the two income levels is OR^MH =  26.798/6.444 = 4.16.

Comparing this adjusted estimate to the crude Odds Ratio (5.24) there does appear to be an appreciable amount of confounding of the exposure-disease relationship by income.  The crude and adjusted odds ratios differ by approximately 20%.  Under the assumptions of the following causal graph, the income variable fulfills criteria required for a variable to be a confounder (income is a common cause of both exposure and disease).
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The odds ratio of 2.2 reported by the authors after adjustment for age, sex and other variables indicates that the crude odds ratio was strongly confounded by the presence of these other variables (5.24 and 2.2 differ by ~ 60%).

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 

          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 that combined OR = 1:

                                Mantel-Haenszel chi2(1) =     28.76

                                                Pr>chi2 =    0.0000

Question 9.2

	Alcohol Consumption

(gms/day)
	Age = 25-54 years
	

	
	Cases
	Control
	

	>80
	30
	64
	94

	<80
	26
	408
	434

	
	56
	472
	528


	Alcohol Consumption

(gms/day)
	Age = 55-75+ years
	

	
	Cases
	Control
	

	>80
	66
	45
	111

	<80
	78
	258
	336

	
	144
	303
	447


H0:  Alcohol consumption and oesophageal cancer are independent, controlling for age.

HA: Alcohol consumption and oesophageal cancer are not independent, controlling for age.

Cochran-Mantel-Haenszel Test:

	Age
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	25--54 years old
	30
	9.970
	7.340

	55—75+ years old
	66
	35.758
	18.261

	Total
	96
	45.728
	25.601
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There is sufficient evidence to suggest an association between alcohol consumption and oesophageal cancer, accounting for the confounding effect of age.


Summary Estimates of the Odds Ratio:
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	Woolf
	Mantel-Haenszel

	Age
	logORi
	wi
	wilogORi
	ORi
	aIdi/ni
	bIci/ni

	25—54 
	1.986
	11.303
	22.447
	7.356
	23.182
	3.152

	55—75+
	1.571
	18.649
	29.297
	4.851
	38.094
	7.852

	Total
	
	29.952
	51.744
	
	61.276
	11.004
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	Age
	ad

n
	bc

n
	(a+d)

n
	(b+c)

n

	25--54
	23.182
	3.152
	0.830
	0.170

	55—75+
	38.094
	7.852
	0.725
	0.275

	Total
	61.276
	11.004
	
	


	ad(a+d)

n     n
	bc(b+c)

n     n
	bc(a+d) + ad(b+c)
n      n       n      n 

	19.241
	0.536
	6.557

	27.618
	2.159
	16.169

	54.821
	2.695
	22.726
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Both methods give very similar estimates of the OR and very similar confidence intervals. The results are also similar to those found in Question 7.3, suggesting that age may have little confounding effect of the relationship between alcohol consumption and incidence of oesophageal cancer.



STATA:

. input age alcohol cases count

           age    alcohol      cases      count 

  1.        1        1           1          30

  2.        1        1           0          64

  3.        1        0           1          26

  4.        1        0           0         408

  5.        0        1           1          66

  6.        0        1           0          45

  7.        0        0           1          78

  8.        0        0           0         258

  9. end

. cc cases alcohol [freq=count], by(age) wo

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

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

               0 |   4.851282     3.075577   7.652202      7.852349 (Woolf)

               1 |   7.355769     4.087436   13.23748      3.151515 (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 9.3

In Question 8.9, we used causal graphs to determine how to access the causal (unconfounded) measure of association between D and E.  We found that for scenario (i), the crude measure of association between D and E represented the causal association, for scenario (ii), the measure of association adjusted for F was causal and for scenario (iii), the causal measure of association could not be obtained from the data due to unmeasured confounders.  

We are now asked to calculate these measures of association for each scenario along with their respective 95% confidence intervals.

(i).  The tables provided in Question 8.9 can be rearranged so that we have the joint distributions of D and E, regardless of the level of F.

	
	D
	not D
	

	E
	380
	800
	1180

	not E
	220
	800
	1020

	
	600
	1600
	2200


OR^ = ad/bc = (380)(800)/(800)(220) = 1.73

Log (OR^) = 0.54812

Var^ (log(OR^)) = 1/a + 1/b + 1/c + 1/d = 1/380+ 1/800 + 1/220 + 1/800 = 0.009677

95% confidence interval for log OR: 

Log (OR^) + Zα√ (Var^ (log(OR^))) = 0.54812 + 1.96√(0.009677) = (0.35531138, 0.74092862)

95% confidence interval for OR: 

(e0.35531138, e0.74092862) = (1.43, 2.10) 

(ii). The tables originally provided can also be rearranged so that we have the joint distributions of D and E, stratified on F.  







F

	
	D
	not D
	

	E
	180
	600
	780

	not E
	20
	200
	220

	
	200
	800
	1000








not F

	
	D
	Not D
	

	E
	200
	200
	400

	not E
	200
	600
	800

	
	400
	800
	1200








Mantel-Haenszel

	
	ORi
	aidi/ni
	bici/ni

	F
	3.00
	18.287
	4.177

	Not F
	3.00
	8.511
	2.267

	Total
	
	26.798
	6.444


OR^MH =  136/45.33 = 3.00

	
	aidi/ni
	bici/ni
	(ai + di)/ni
	(bi + ci)/ni
	(ai + di/ni)(aidi/ni)
	(bi + ci/ni)(bici/ni)

	F
	36
	12
	0.38
	0.62
	13.68
	7.44

	Not F
	100
	33.33
	0.67
	0.33
	67.00
	11.00

	Total
	136
	45.33
	
	
	80.68
	18.44


	
	(ai + di/ni)(bici/ni) + (bi + ci/ni)(aidi/ni)

	F
	26.88

	Not F
	55.33

	Total
	82.21


Var^ (log(OR^ MH) = (80.68/(2)(1362)) + (18.44/(2)(45.332)) + (82.21/(2)(136)(45.33)) = 0.01334

95% confidence interval for log OR: 

Log (3.00) + 1.96√(0.01334) = (0.87222121, 1.324977879)

95% confidence interval for OR: 

(e0.87222121, e1.324977879) = (2.39, 3.76) 

(iii).  As determined in Question 8.9 (iii), the causal measure of association between D and E cannot be obtained from the data due to the confounding effects of unmeasured factors. The crude association between F and D, giving the “intent to treat analysis” is causally estimated by the Odds Ratio = 0.5 as seen from the table:

	
	D
	not D
	

	F
	200
	800
	1000

	not F
	400
	800
	1200

	
	600
	1600
	2200


That is, being assigned a low fat diet with education leads to a reduction of the odds of death by a half. However, this likely understates the benefit of the actual intervention since not everyone assigned the intervention complies.

STATA

. input d e f count

             d          e          f      count

  1.         1          1          1       180

  2.         1          0          1        20

  3.         0          1          1       600

  4.         0          0          1       200

  5.         1          1          0       200

  6.         1          0          0       200

  7.         0          1          0       200

  8.         0          0          0       600

  9. end

. cc d e [freq=count],by(f) wo

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

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

               0 |          3     2.329333   3.863767      33.33333 (Woolf)

               1 |          3       1.8399   4.891569            12 (Woolf)

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

           Crude |   1.727273     1.424382   2.094572               (Woolf)

    M-H combined |          3     2.391635   3.763116               

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

Test of homogeneity (M-H)      chi2(1) =     0.00  Pr>chi2 = 1.0000

                   Test that combined OR = 1:

                                Mantel-Haenszel chi2(1) =     94.71

                                                Pr>chi2 =    0.0000

Question 9.4

	Definition of Variables

	
	
	

	pclass
	1
	First Class

	
	2
	Second Class

	
	3
	Third Class

	
	
	

	survived
	0
	died in accident

	
	1
	survived accident 

	
	
	

	age
	
	in years

	
	
	

	fare
	
	in British pounds

	
	
	

	embarked
	S
	Southampton

	
	C
	Cherbourg

	
	Q
	Queenstown

	
	
	

	sex
	0
	Male

	
	1
	Female


Because we are interested in the relative risk of dying, a new variable is created called ‘dead’ which has values the reverse of the ‘survived’ variable.  In STATA, the measure of association for the outcome of interest (here, death) must be equal to 1:

. gen dead = 0

. replace dead = 1 if survived == 0

(809 real changes made)

dead = 0 indicates a survivor and dead = 1, a death.

In order to obtain the joint distributions of death status and sex by class for the purposes of hand calculation of the adjusted relative risk, we can use STATA’s tab command:

. sort pclass

. by pclass: tab dead sex

_______________________________________________________________________________

-> pclass = 1

           |          sex

      dead |         0          1 |     Total

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

         0 |        61        139 |       200 

         1 |       118          5 |       123 

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

     Total |       179        144 |       323 

_______________________________________________________________________________

-> pclass = 2

           |          sex

      dead |         0          1 |     Total

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

         0 |        25         94 |       119 

         1 |       146         12 |       158 

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

     Total |       171        106 |       277 

_______________________________________________________________________________

-> pclass = 3

           |          sex

      dead |         0          1 |     Total

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

         0 |        75        106 |       181 

         1 |       418        110 |       528 

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

     Total |       493        216 |       709

Rearranging these tables to their usual format:







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


RR^MH = ∑(ai(ci+di)/ni)/ ∑(ci (ai+bi)/ni)




Mantel-Haenszel

	Class
	RRi
	ai(ci + di)/ni
	ci(ai + bi)/ni

	First
	0.0527
	2.7709
	52.6068

	Second
	0.1326
	7.4079
	55.8700

	Third
	0.6006
	76.4880
	127.3456

	Total
	
	86.6668
	235.8224


RR^MH = 86.6668/235.8224 = 0.368

	Class
	[(ai + bi)(ci + di)(ai + ci) - aicini]/ ni2 
	ai(ci + di)/ni
	ci(ai + bi)/ni

	First
	28.5623
	2.7709
	52.6068

	Second
	31.0000
	7.4079
	55.8700

	Third
	46.9997
	76.4880
	127.3456

	Total
	106.5620
	86.6668
	235.8224


Var^ (log(RR^ MH) =  106.5620/(86.6668)( 235.8224) = 0.005213922

95% confidence interval for log RR: 

Log (0.368) + 1.96√(0.005213922) = (-1.141199026, -0.858145654)

95% confidence interval for RR: 

(e-1.141199026, e-0.858145654) = (0.319, 0.424) 

STATA

. cs dead sex, by(pclass) wo

          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

Comparing the crude Relative Risk for death based on sex (=0.337) to the adjusted Relative Risk (0.368), there does not appear to be much of a confounding effect of class of the death/sex association (the difference between these two measures is less than 10%).  We might question, however, whether it is appropriate to report a single measure of association in this case, as the Relative Risks for death based on sex appear quite different across the different levels of class.  While we do not yet have the tools to formally test whether these Relative Risks are the same, they appear to be quite different.
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