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2 Asthma medication

The following is a basic analysis. Students can certainly go far beyond what is below.

Clearly one or more transformations are needed in the response and/or covariates:

A common transformation for time-to-event data is the natural log. Using log-time to wheezing instead of time
to wheezing yields (marginally) constant variance and approximately linear effects in asthma and allergy scores.

One can also formally check for the “best” Box-Cox transformation; SAS PROC TRANSREG picks the natural
log. Simultaneously checking for transformations in allergy and asthma yields approximate identity transformations
(added variable plots should show the same thing for the log response). So we work with the log-time as response,
and linear effects in asthma, allergy, and treatment.

Working backwards from a model with main effects, quadratic in asthma, and interactions yields the final model

Log(T;) = 39 + 3iasthma; + Soallergy, + Bstreatment; + ¢;,

where the ¢; are ¢id N(0.¢?). The fitted model is

log(T;) = 8.091 — 0.406asthma; — 0.970allergy, -+ 0.818treatment, .
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The REG Procedure
1: MODE
Dependent Variable: itime

Number of Obssrvations Eead 138
Number of Observations Used 132

Analysis =f Variance

Sum of Mean
Source Squaras =] P Valus Pr » F
Model 156 114,01 <, (001
Error 13

Corrected Teoral

koot
Depeandent
Coeff Var

Farameter Estimates

Standard

Pr > it |
<.4001
<. 0001
<. 0001
<. 0001

LEtimans
8.0912¢%

The residual plots show good fit of the model. There is one fitted log wheezing time that is substantially smaller
than the rest.

The main goal of the study is to estimate the treatment effect while controlling for asthma & allergy severity.
Note that increasing asthma & allergy severity decrease the time to wheezing — that is, the worse a subject’s asthma
or allergies are, the less time it takes to start wheezing. The treatment effect is given by **1772 = 2. 97. Under the
treatment, the time to wheezing is at least double, and highly significant.

Cbs asthma azliergy freatment c ¥
i J 18.¢ s i 9.012737 ~0.853024
2 4 1.7 ik b D.002244 0.57366
3 3 2.0 2 i 0.000077 06.127:19
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5 4 Tl 1 i 4.83465
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I (arbitrarily) flag ¢; > 0.04 are particularly influential and |r;| > 2.5 as particularly ill-fit by the model.
The largest two Cook’s distances correspond to the largest and smallest times in the data set. The effect of these
observations on the fitted coefficients could be refined via dfbetas. None of the studentized residuals are over 3

@



in magnitude, but two are over 2.5. Observation 127 is both ill-fit and influential. It’s worth while to drop this
observation from the data set and refit the model to see if the treatment effect changes appreciably.

Note that allergy could be included as a categorical predictor (baseline plus 3 offsets) instead of a linear effect.
If this is done the p-value for dropping the allergy by asthma interaction drops from p=0.103 to p=0.053, and the
interaction probably should be retained. Under this scenario, the treatment effect is is slightly magnified, going from
0.82 to 0.87. (but standard error is 0.19 in both cases).
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ods dpgr ods graphics

Proc sgscattar datass i
plet timas{asthma allergy tfreatment);
run;

ods graphics off; ods jpg close;

data wheazing; ss
ads dpg; od
proc sygscatte

wheszing; ltime=logitime); run;
phics on;
data=wheezing;
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plot 1t
rusn;
cds gr

e (asthma allergy treatment);

hice off; ods ipg clese;

ocds dpg; ods
prac fransreg sol =52 ={transfocrmation obp residoalis);

adel ho } splinetaliergy) identityitreatment);
run;

ods graphics off;

proe glm;

class allexgy;
model ivims-=sethma
ran;

nt asthmaxall

proc glm;
rlasg allery
madel ltime
Yun;

¥

i
asthma a

eXgy treatment asthmarallergy:

proc glm; » can drop asthmasallergy as p-0.1;
alass allergy;

model ltimemasthma allergy t
rang;

eatment asthma-allergy;

proo rag;

wraslhma allergy treatmenty
cutput ocut=gut p=n ztudentwr;
ruin;

4; odg graphics an;
pros sgscattar datasout;
argy Lreatment p);

o b 5 4
ods graphic

off; ods Jpg close;

proc reg;

el ltime=asthma allezgy treatment;
suiput sot=out cookd=g rstudentwr;
run;

proo print datawout; var ltime time asthme aller

v Lrsatment < ry}

il

inpebreatment allergysirestment asthma-asthnog;
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1. Poisson regression through the origin: For regression data {(z;, Y;)
assunie the model
ind. . : .
Y; '~ Poisson(z;3), i=1 n.

¥ hEwy

The w1, . ..,x, are univariate and strictly positive. Let ¥ = 23" V],
z=1%" m,and Y = (¥3,...,Y,).

(a) Show that the MLE of 3 is 3 = ¥ /z.
(b) Find the mean and variance of 3.

(¢) Now assume that 7 has a gamma prior distribution 3 ~ [(whg, w)
where by is our prior best guess and w > 0 is a weight attached to
this guess. To be precise, 3 has the prior density

?Igubg

F8) = gy 8 exp(—wih) o))

Find the posterior distribution of g|Y.

(d) Show that the posterior mean is a weighted average of the prior
mean and the MLE. What does the posterior mean converge to
as w — 047

(e) n = 173 female horseshoe crabs were sampled and the width of
their carapice measured (cm) and number of satellites (nestmates
besides their husbands) recorded. SAS PROC means was used to
get ¥ and §. The model above was fit in SAS PROC GENMOD us-
ing model satell=width / noint link=identity dist=pois;
giving the following output:

The MEANS Procedure

Variable N Mean Std Dev Minimum

n
i=1

Maximum

satell 173 2.9190751 3.1483357 0 15.
width 173 26.2988439 2.1090610 21.0000000 33.

0000000
5000000

The GENMOD Procedure

Model Information

Distribution Poisson
Link Function Identity
Dependent Variable satell

Analysis Of Maximum Likelihood Parameter Estimates
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-

Standard Wald 95% Confidence Wald
Parameter DF Estimate Error Limits Chi-Square
Intercept 0 0.0000 0.0000 0.0000 0.0000 %
width 1 0.1110 0.0049 0.1013 0.1207 505.00

Show how SAS obtains the estimate 0.1110, standard error 0.0049,
and 95% confidence interval (0.1013,0.1207).

(a) The log-likelihood is

ilﬁg(?ﬁ”-

i=1

L) =—8Y wi+ Y yilog(x:d) —
i=1 i=1

Then o
L'(3)=nz+ —;}

)

Setting equal to zero gives local extreme 3 = —. Note that
12 eq g j

s.n|

—ni

32

E'B) = <0,

s0 /7 is a (global) max.
(b)

E(Y/z)
Y E(Y3)
nT
=1 i

ne

— !’3 2

var(; }) = var(Y /%)
ind. :;1 ‘?_?GL?‘(}';)
n2y?

n2T2

i (i — 2%

Pr > ChiSq

<.0001
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p(Bly) o« p(y|3)p(B)
= e PnE 3"?5;31360—1 o

- Bnﬂ—knl.‘;{;wle—-ﬁ{niﬁuj

So then gly ~ I'(ng + wby, nT + w).
(d)

ni + why
nT +w
no 5 w/z
=0+ ———
n+w/E  n+wr

L c '
= [-—‘-——-—-—E‘izl % ] 8+ [—'b'.- :| by

W+ Doy w+ Y ¥

E(3ly) — 3 as w — 0%,

E@ly) =

(e) Use your best ‘\uc{j mu{f’ as o

how  well Hﬂey E,)(Ftaurteol bows A& wisedeses

wese obinined .



