Statistics for Epidemiology                 Nicholas P. Jewell 

Solution Set: Chapter 11
Question 11.1

(i) The χ2 test for trend will have less power to detect an association between beef consumption and the disease than the overall χ2 test if the risks for disease at each level of beef consumption do not demonstrate and increasing or decreasing trend.  An example might be if disease incidence increases substantially from eating no beef to eating beef less than once a week, but then levels off and is equivalent across remaining levels.

(ii)  The number of degrees of freedom associated with the χ2 goodness of fit test is K-2, where K is the number of levels of exposure.  In this case K = 4, so 13.8 should be compared to a χ2 distribution with 2 (4-2) degrees of freedom.  Assuming this reference distribution is the true distribution, we find that the probability of observing a χ2 value of 13.8 or greater is quite small (.001).  This leads us to reject the null hypothesis that the variability in risk of disease across levels of beef consumption is well represented by a linear trend.

STATA


. display chiprob(2, 13.8)

.00100779

Question 11.2

For the first part of this question, the exposure of interest is age.

	Age Group
	<25
	26- 35
	36-45
	46-55
	>55
	Total

	xk*
	0
	1
	2
	3
	4
	

	D
	59
	54
	53
	61
	61
	288

	Not D
	133
	150
	120
	120
	57
	580

	
	192
	204
	173
	181
	118
	868


*Note that in the table above, xk represents a chosen numerical value assigned to each level of age.

χ2overall = (n2/nDnnot D)∑[(ak – (nDmk/n))2/mk]

H0:  P(D|E = 0) = P(D|E = 1) = P(D|E = 2) = P(D|E = 3) = P(D|E = 4).

HA: At least one incidence proportion at a given level of E differs from another.

	xk
	ak – (nDmk/n)
	(ak – (nDmk/n))2
	(ak – (nDmk/n))2/mk
	(n2/nDnnot D)
	χ2overall

	0
	-4.70507
	22.13768
	0.1153
	
	

	1
	-13.6866
	187.324
	0.918255
	
	

	2
	-4.40092
	19.36811
	0.111954
	
	

	3
	0.9447
	0.892459
	0.004931
	
	

	4
	21.84793
	477.3319
	4.045185
	
	

	
	
	
	5.195626
	4.510440613
	23.43456


Comparing 23.43456 to a χ2 distribution with 4 (5 – 1) degrees of freedom, we get a p-value of .0001.  We therefore reject the null hypothesis that the incidence proportions are equal across levels of age (i.e. that age and TB are independent).

STATA

. tabi 59 54 53 61 61\133 150 120 120 57

           |                          col

       row |        1          2          3          4          5 |     Total

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

         1 |      59       54       53       61       61 |      288 

         2 |     133      150      120      120       57 |       580 

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

     Total |     192      204      173      181      118 |       868 

          Pearson chi2(4) =  23.4346   Pr = 0.000

. display chiprob(4,23.43456)

.00010367

χ2trend = (n3/nDnnot D)∑[xk(ak – (nDmk/n)]2/[n∑(xk2mk) – (∑xkmk)2]

H0:  P(D|E = 0) = P(D|E = 1) = P(D|E = 2) = P(D|E = 3) = P(D|E = 4).

HA: P(D|E = 0) < P(D|E = 1) < P(D|E = 2) < P(D|E = 3) < P(D|E = 4)  or


P(D|E = 0) > P(D|E = 1) > P(D|E = 2) > P(D|E = 3) > P(D|E = 4)

	xk
	xk(ak – (nDmk/n)
	(n3/nDnnot D)
	∑[xk(ak – (nDmk/n)]2
	(n3/nDnnot D)∑[xk(ak – (nDmk/n)]2

	0
	0
	
	
	

	1
	-13.68663594
	
	
	

	2
	-8.801843318
	
	
	

	3
	2.834101382
	
	
	

	4
	87.39170507
	
	
	

	
	67.73732719
	3915.062
	4588.345
	17963659


	xk2mk
	xkmk
	n∑(xk2mk)
	(∑xkmk)2
	n∑(xk2mk) – (∑xkmk)2
	χ2trend

	0
	0
	
	
	
	

	204
	204
	
	
	
	

	692
	346
	
	
	
	

	1629
	543
	
	
	
	

	1888
	472
	
	
	
	

	4413
	1565
	3830484
	2449225
	1381259
	13.00528


Comparing 13.00528 to a χ2 distribution with 1 degree of freedom, we get a p-value of .0003.  We therefore reject the null hypothesis that the incidence proportions are equal across levels of age (i.e. that age and TB are independent).  In contrast to the χ2 overall test of association, we are now suggesting that the incidence proportions are either increasing or decreasing with age in some sort of trend.

STATA

. display chiprob(1,13.0058)

.00031053

In the second part of this problem, biomass fuel exposure is the exposure of interest.  Age is now a third variable (not the exposure of interest), which is being investigated as to its role in the relationship between biomass fuel exposure and TB.  Specifically, we are looking to see if age modifies the effect of biomass fuel exposure on TB and if there is any pattern to this effect modification.

OR^<25 = (8*126)/(7*51) = 2.82

OR^26-35 = (7*144)/(6*47) = 3.57

OR^36-45 = (12*117)/(3*41) = 11.41

OR^46-55 = (8*117)/(3*53) = 5.89

OR^>55 = (15*56)/(1*46) = 18.26

The odds ratios associating biomass fuel and TB seem to be generally increasing with increasing age (despite the lower odds ratio estimated for 46 – 55 year olds).

Question 11.3

	Alcohol level
	0 - 39
	40 – 79 
	80 - 119
	120+
	Total

	xk
	0
	1
	2
	3
	

	D
	29
	75
	51
	45
	200

	D-bar
	386
	280
	87
	22
	775

	
	415
	355
	138
	67
	975


χ2overall = (n2/nDnnot D)∑[(ak – (nDmk/n))2/mk]

H0:  P(D|E = 0) = P(D|E = 1) = P(D|E = 2) = P(D|E = 3) 

HA: At least one incidence proportion at a given level of E differs from another.

	xk
	ak – (nDmk/n)
	(ak – (nDmk/n))2
	(ak – (nDmk/n))2/mk
	n2/nDnnot D
	χ2overall

	0
	-56.1282051
	3150.375
	7.591266
	
	

	1 
	2.17948718
	4.750164
	0.013381
	
	

	2
	22.6923077
	514.9408
	3.731455
	
	

	3
	31.2564103
	976.9632
	14.58154
	
	

	
	
	
	25.91764
	6.13306452
	158.9546


Comparing 158.9546 to a χ2 distribution with 3 (4 – 1) degrees of freedom, we get a p-value very close to zero.  We therefore reject the null hypothesis that the incidence proportions are equal across levels of alcohol consumption (i.e. that alcohol consumption and oesophageal cancer are independent).

STATA

. tabi 29 75 51 45\386 280 87 22 

           |                     col

       row |         1          2          3          4 |     Total

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

         1 |        29         75         51         45 |       200 

         2 |       386        280         87         22 |       775 

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

     Total |       415        355        138         67 |       975 

          Pearson chi2(3) = 158.9546   Pr = 0.000

. display chiprob(3,158.9546)

3.081e-34

χ2trend = (n3/nDnnot D)∑[xk(ak – (nDmk/n)]2/[n∑(xk2mk) – (∑xkmk)2]

H0:  P(D|E = 0) = P(D|E = 1) = P(D|E = 2) = P(D|E = 3) 

HA: P(D|E = 0) < P(D|E = 1) < P(D|E = 2) < P(D|E = 3) or


P(D|E = 0) > P(D|E = 1) > P(D|E = 2) > P(D|E = 3) 

	xk
	xk(ak – (nDmk/n)
	n3/nDnnot D
	∑[xk(ak – (nDmk/n)]2
	(n3/nDnnot D)∑[xk(ak – (nDmk/n)]2

	0
	0
	
	
	

	1
	2.179487179
	
	
	

	2
	45.38461538
	
	
	

	3
	93.76923077
	
	
	

	
	141.3333333
	5979.7379
	19975.11
	1.19E+08


	xk2mk
	xkmk
	n∑(xk2mk)
	(∑xkmk)2
	[n∑(xk2mk) – (∑xkmk)2]
	χ2trend

	0
	0
	
	
	
	

	355
	355
	
	
	
	

	552
	276
	
	
	
	

	603
	201
	
	
	
	

	1510
	832
	1472250
	692224
	780026
	153.1307


Comparing 153.1307 to a χ2 distribution with 1 degree of freedom, we get a p-value very close to zero.  We therefore reject the null hypothesis that the incidence proportions are equal across levels of alcohol consumption.  In contrast to the χ2 overall test of association, we are now suggesting the more specific alternative hypothesis that the incidence proportions are either increasing or decreasing with alcohol in some sort of trend.

STATA

. display chiprob(1, 153.1307)

3.587e-35

. input p or alc

             p         or          alc

  1. 

.07 

1 

0

  2. 

.21 

3.57 

1

  3. 

.37 

7.80 

2

  4. 

.67 

27.23 
3

  5. end

. graph p or alc, ylabel rlabel rescale
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. gen logor = ln(or)

. graph p logor alc, ylabel rlabel rescale
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Question 11.4

The ‘tab’ command in STATA can be used to get the information needed to plug into the formula for the χ2 test for trend.

. gen dead = 0

. replace dead = 1 if survived == 0

(809 real changes made)

. sort pclass

. by pclass: tab dead

-> pclass = 1

       dead |      Freq.     Percent        Cum.

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

          0 |        200       61.92       61.92

          1 |        123       38.08      100.00

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

      Total |        323      100.00

-> pclass = 2

       dead |      Freq.     Percent        Cum.

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

          0 |        119       42.96       42.96

          1 |        158       57.04      100.00

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

      Total |        277      100.00

-> pclass = 3

       dead |      Freq.     Percent        Cum.

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

          0 |        181       25.53       25.53

          1 |        528       74.47      100.00

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

      Total |        709      100.00

	Ticket Class
	1st
	2nd
	3rd
	Total

	xk
	0
	1
	2
	

	D
	123
	158
	528
	809

	D-bar
	200
	119
	181
	500

	
	323
	277
	709
	1309


χ2trend = (n3/nDnnot D)∑[xk(ak – (nDmk/n)]2/[n∑(xk2mk) – (∑xkmk)2]

H0:  P(D|E = 0) = P(D|E = 1) = P(D|E = 2) 

HA: P(D|E = 0) < P(D|E = 1) < P(D|E = 2) or P(D|E = 0) > P(D|E = 1) > P(D|E = 2) 

	xk
	xk(ak – (nDmk/n)
	n3/nDnnot D
	∑[xk(ak – (nDmk/n)]2
	(n3/nDnnot D)∑[xk(ak – (nDmk/n)]2

	0
	0
	
	
	

	1
	13.1940413
	
	
	

	2
	179.634836
	
	
	

	
	166.440794
	5544.985
	27702.54
	1.54E+08


	xk2mk
	xkmk
	n∑(xk2mk)
	(∑xkmk)2
	[n∑(xk2mk) – (∑xkmk)2]
	χ2trend

	0
	0
	
	
	
	

	277
	277
	
	
	
	

	2836
	1418
	
	
	
	

	3113
	1695
	4074917
	2873025
	1201892
	127.807


Comparing 127.807 to a χ2 distribution with 1 degree of freedom, we get a p-value very close to zero.  We therefore reject the null hypothesis that the incidence proportions are equal across levels of alcohol consumption in favor of the specific alternative hypothesis that the incidence proportions of mortality are either increasing or decreasing with ticket class in some sort of trend.
STATA

. display chiprob(1, 127.807)

1.237e-29

. input class rr

     class        rr

  1.
 1 

1

  2.
 2 

1.49

  3.   3 

1.96

  4. end

. graph rr class
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