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Evans County, GA Dataset (1963)

Data are in evans.dat (text, no header), evans.sas7bdat
(SAS version g dataset), evans.sav (SPSS dataset), and
evans.dta (Stata dataset) on the textbook website given
in the syllabus.

The data are from a cohort study in which 609 white
males were followed for 7 years, with coronary heart
disease as the outcome of interest.

The variables are given on the next slide
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Input for Evans.dat (tab delimited)

VarS <_ C("ID", "CHD", "CAT","AGE","CHL","SMK"’
"ECG" ; "DBP" . "SBP" p "HPT" - "CH" ; "CC")
evans <- read.table ("evans.dat", header=F,

col.names=vars)

reaostable; iregdcsy et are gl variants that
can handle text file input with different
defailta:

Byidefault, “vreadsi strings as factors,; unlkaess

SErrngshshEactor et ot s oot s g good-day
tcoon=torboahhatdatyndataass
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Subject ID, one observation per subject

ID
CHD
CAT
AGE
CHL
SMK
ECG
DBP
SBP
HPT
CH
CC

Coronary heart disease (1) or not (o)
High catecholamine level (1) or not (o)
Age in years

Cholesterol level

Ever smoked (1) or never smoked (0)
ECG abnormality (1) or not (o)
Diastolic blood pressure

Systolic blood pressure

=1if DBP =90 or SBP > 160, otherwise = o
CAT*HPT

CAT*CHL

April 6, 2021
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A ta e na sasuss el s b el Lol SRR D d AUl TSR TSR S s R Ra Sl LR el LS el
> evans <- read.table ("evans.dat",header=F, col.names=vars)
> summary (evans)

ID CHD CAT AGE T

Min. : 2:1: Min. :0.0000 Min. :0.0000 MavRivy :40.00 i op AR b
1st Qu.: 4242 M= R Y B R B B et B R BIER) H S e 7 b v oy A K €118 i S o B Ve Y o A A D) A= o B N AR g o v )
Median : 9751 Median :0.0000 Median :0.0000 Median :52.00 Median :209.0
Mean R b, Mean :0.1166 Mean :0.2003 Mean SRS Mean g Y B
% Biao hon €4 b e s RO U RARA B SrdaOuar GG ee0 ZRE O 0 00 ST O G 00 o e O b AR B et ]
Max. o R R Max. - AR BRH BT B! Max. b e A AR BN Max. e SRR ARG, Max. A A T A
SMK ECG DBP SBP
Min. OEHBRE YRS s el ) IV S h e ant] el TR AT
B e O b B el SO 8 LaE Q00000 diY = G O Diren s oA S 016 3 = i 01 S ks e O
Median :1.0000 Median :0.0000 Median : 90.00 Median :140.0
Mean :0.6355 Mean :0.2726 Mean O e b ) Mean SElEns )
SEEehE st i O R R S S e BT o P e O e S T R B Y e Sy Q)
Max. = 0:0:0:0 Max. 2 ln 0000 Max. SIRT000 Max. +30:0::0
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HPT
Min.
S @ e
Median

Mean

B RGO LI

Max.

B i i O D2 £EiED,

.0000
SECRCLERD)
.0000
.4187
.0000
.0000

CH,

Min.

i SHERER (D) T

Median

Mean

ERme I QYDA

Max.

i @i eH o)

.0000
.0000
.0000
w509
.0000
.0000

GE

Min.

ST

Median

Mean

T AN DB s
son e o (03(0)

Max.

O Y SR G Tt ¢ (= RO A 2O RC s M GRS oD - o M MO e S A S B TR SR O R EAs

MEEEEVEEENLERENEEEEN,

plot (SBP ~ AGE,

April 6, 2021

data=evans)
abline (coef (1m (SBP~AGE, data=evans) ), lwd=2)
abline (h=140,col="blue", 1lwd=2)
abline (h=160,col="red", 1lwd=2)

title("Systolic Blood Pressure by Age")

0.00
OO
sssth)

0.00
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Systolic Blood Pressure by Age
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> summary (glm (CHD~CAT+AGE+CHL+SMK+HPT, family=binomial, data=evans))

Coefficients:

Estimate Std.
(Intercept) -6.680112 125
.340180
e E e,

EIVT QeS80 0
AGE o) 0
e 0.008608 0.
SMK 0.802906 0
HPT QA T62TF2 0
T G T e e e N e P b D B A S T

(Dispersion parameter for

Null deviance: 438.56
Residual deviance: 401.95
ey i e

) o oy S = U 0 = Ve (i o )
-5.879 4.14e-09

1:36:36:3

003259

303001
$ 289296

sk e

S T

on 608
OGS

.104
Sbane
.641
=690
.646

RNNNDDND DN

Qb

OO @ D

Nk

SRS
R
.00827
.00805
0900

s

\.I O.l

family taken to be 1)

degrees of freedom

degrees of freedom

Number of Fisher Scoring iterations: 5
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> dropl (glm (CHD~CAT+AGE+CHL+SMK+HPT, family=binomial, data=evans), test="Chisqg")

b e e e S B o G U e

Model:
e A R e Y A, 0 B T, vy § v, Lo .

Df Deviance AIC TR PSRy oy
<none> 401.95 413.95
CAT s R B e o S s e SR B R B AR T B
AGE i L e R A S 22 SRS St STt S R By B R DR s £ b
CHL L: 1B P RO e G o o SR L N B G 2 e B e R WO B e
SMK 1 B o Gy el e R G e e o o e 16 e 6 R O RS Y Pt R
e & 404.66 414.66 2.7097 0.099741

StgnitisoodesyrnQaideralon@rgQlostastn e Ol e Qre g il Qo)

o P L s IV 10 8 SR B = ] A G o VO LAYt B 1 © 114 o S B G 18 8 P 01 ) R 0 K A A 1 A P A G e B b s oo oy B e B o { o B B o

the AIC, so some might keep it in the model.
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Likelihood Ratio Test

This is used to compare two statistical models that are
nested, meaning that one (the full model) has all the
terms of the other (the reduced model) plus one or
more additional ones.

For
CH.

example, the full model might have
D~CAT+AGE+CHL+SMK+HPT

And the reduced model might have

CHI
CHI

April 6, 2021

D~CAT+AGE+CHL+SMK (removing HPT) or
D~CAT+CHL+SMK (removing AGE and HPT)

EPI 204 Quantitative Epidemiology III
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Likelihood Ratio Test

If the full model has likelihood L; and the reduced model
has likelihood Ly, then statistical theory says that
—2In(Ly/L;) = —2[In(Ly) — In(L)] has approximately a chi-
squared distribution with df = the number of omitted
variables (with categorical variables counting as one less
than the number of categories).

Since D = —2[In(L) - In(L,)], where L, is the likelihood of

the maximal model, we can equally use
Dy — Dp = —2[In(Lg) - In(L,)] + 2[In(Lg) - In(L,)]
= —2[In(Lg) - In(Ly)]
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> deviance (glm (CHD~CAT+AGE+CHL+SMK+HPT, family=binomial, data=evans))
e 412 0 1 s
> deviance (glm (CHD~CAT+AGE+CHL+SMK, family=binomial, data=evans))

LR T SRS
> deviance (glm (CHD~CAT+CHL+SMK, family=binomial, data=evans))
e e B L P B

e R o o AT A T a2 s BN s M b A o 1 R e E £ A1) o oo Er s e e e Y B kY G S A 0 e M A A A

Compare to chi-squared on 1df

silmpohisgi(2oT 096751
Elenen ootk

(same as produced with dropl)
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;/47§/agjjzzg;;;;m(CHD~CAT+AGE+CHL+SMK+HPT,family=binomial,data=evans))

[l Gy

> deviance (glm (CHD~CAT+AGE+CHL+SMK, family=binomial, data=evans))
[1] 404.6566

> deviance (glm (CHD~CAT+CHL+SMK, family=binomial, data=evans))

[1] 409.3424

e R R by e S A R 6 G A e 2 W 15 R 2 1 5 o 2 0 (e ) e R e e e e e B D M U S e MRS T N e
ameion

Compared to a chi-squared on 2df
0 T et O 0] QR < © 01 0 oo 00 0 X4 oy
[1] 0.02478046

> anova (glm (CHD~CAT+CHL+SMK, family=binomial, data=evans),
glm (CHD~CAT+AGE+CHL+SMK+HPT, family=binomial, data=evans), test="Chisqg")

Analysis of Deviance Table

T T B L 0 R S o 5 AR e S i B

Model 2: CHD ~ CAT + AGE + CHL + SMK + HPT
Resid. Df Resid. Dev Df Deviance Pr (>Chi)

1: 605 409.34

2 603 R O e S G IS R 5 o e O R D i o g
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Interaction Terms

We almost always observe a principle of hierarchy of
models.

If an interaction term such as CAT*HPT is in the
model, then the main effects CAT and HPT are also in
the model. If a three-way interaction such as
CAT*CHL*HPT is in the model, then so are all three
two way interactions CAT*CHL, CAT*HPT, and
CHL*HPT as well as the three main effects.

R will observe this in dropi() as long as the
interactions are explicitly stated.

April 6, 2021 EPI 204 Quantitative Epidemiology III

14



ressmmaryetglmiCHP» CATHCH R ESMKER P TCATACHI+ CATAHPR b nomniatsdaba=cvans):)

Coefficients:

Estimate Std.

(E GRS SR Gl <) o Ry P L WSRO N o) 07
CAT R A S =
CHL Seicee e S 0
SMK 0::6:9:3:0:00 0
HPT 155103883 0
CAT:CHL 6 e e e ) 0
(el e A O ) 0

B A BB T e BT SR o e harot e Y G

(Dispersion parameter for binomial

Null deviance: 438.56
Residual deviance: 352.92
TR B O S S

| 000 e s 2 1 A = e 2 G v o B 4 12

93Ok

ST o R
.004166
.324996
«32:850:8
.014494
B RO

& TR aA BN o
on 602

Nk k!

e 0 G R e § o A B R A0
o S R O A Y ST MBS
-1.275 0.202248
R e A B L R R o
3036602000762
A Se  E Cnls B O A = Ll A
b A S e b O S P

e e i, e 0 B

family taken to

*

* k%

* k)
* k%

* )

R 8 R

be 1)

degrees of freedom

degrees of freedom

NaEbekmcfpiahefabae Rimchiateaiaiah.cuat
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FedropltglimtCHPCATHECHEFSMKF HP T FEATACHEF CATAHPTobafomi-al darasayans )y

TG e R e S e B e

(5 B e RAEReR, e O B i e oL i o o 2 e e O L e R e e 0 LUl e S0

Df Deviance TG

Model:
<none>

SMK

(AR R 1
CAT:HPT ik

e e
D A A e R S0 AT Ve
399088411088
R P O R R o S BN

Can’t drop CAT, CHL, or HPT.
(because of hierarchy restrictions)

April 6, 2021
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Interaction Terms

Other than the hierarchical model for interactions, we
can compare any two nested models.

If we want to omit CHL, we also have to omit
CAT*CHL, and we have a 2df comparison.

CHL is quantitative, CAT*CHL is o whenever CAT = o,
and is equal to CHL when CAT =1.

Inclusion of the interaction means that the effect of
high catecholamines is higher when cholesterol is
high.
[t also means that the effect of cholesterol is greater
when catecholamines are high.
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Wald Tests

Statistical theory provides an estimated variance-covariance matrix for
the coefficients.

> coef (summary (hyp.glm))

N e e e z value | R v e )
CEpterceptl=2aasiesbd e 380 Sd b eag 2 2 0n oA 00 B a0
SusToR ol oRom @ <At O el O o wr 1 S R0 M O A O A | o e O B LS M R ORO Y i Sl O B L Sl A
obesityYes S S e
snoringYes T B O S e o L Lo e L e S O R = N 87

E Haioeiln e HEEeTof BN F ol Ee gt DREEC T
(Intercept) smokingYes obesityYes snoringYes

(Intercept) 0.1445 =00 O O Bl B e s v
smokingYes o B B RHERaNe e B
obesityYes G O O A BEEE00 BEOSES D ON O ok
snoringYes S e SR e RGN B el
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Wald Tests

Each coefficient has an estimated variance and
therefore standard error.

In general, the coefficients are correlated.

Confidence intervals and tests for single coefficients
are given in the summary(glm()) output or are easily
derived.

We need to do more work to find confidence intervals

and tests for differences of coefficients as when a factor

has more than two levels.

The same trick allows us to get confidence intervals
and tests for interaction terms.

April 6, 2021 EPI 204 Quantitative Epidemiology III
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////¢////// — T = #/////,///449

e e SR BN LAY S B A S AT S S 1 )
| R E e b R e B T e e 7z value Pt

(Enberceptyti=eSiealAn 0S80k B d a2 b0 il a0 B S a0
T e B e B R B e e e ST e BN oAt
obesityYes R o M A B RO E AN e DR S SR e Ro M B e B OO M o B e SRR S e
snoringYes B8 L9393 2GR QR G  s ORI 2 8206 A 5 e =2

G Sl e e e e e e e e o 2
G SROR e A e AR SR SR

(36 h T 254

e B G G T N M e L0 R P e Ay A S o )

R pe B O
>iconbintidefauititginthypstbi~smokingtobe sty snoring:;

binomial, hyp))

s Ol
b e e B e e e
ShiiTed e ie e ey e O SR B S B S e T RS R
obesityYes 0:e13655304 12540667
snoringYes S B R AR R O RS b Sl SR e B R O
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S LB R B g
G A e A e Gl Gl SRR SR pet p et ORAR SR el o BTN I SR R G R W et B b B b

> R B (V1A B enoad B MGG B B e o I AR,

Coefficients:

Fstimate Std i -FErrorz valiue

T RE Y Aol =) of i I s
B
B
BE
.5645
b

age
tanner?
tanner3
tanner4

tannerb

=i

2

e
SHEEIES)

8264

i RO,

EEEE L e HEIRY

e
ek
.4846
S,
el
.4140

Ll
2
S
B
R
2

e

S

S
668
AR B
6770

Ehaescobamatedsliogioddssbotweon - Eanncr=s
] 0 e o o 1 )

April 6, 2021
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How do we make a confidence interval or
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SO RIRE T R
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G062 42
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* Kk %
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If X and Y are random variables then
V(X-Y)=V(X)+V)-2Cov(X,Y)

more generally, 1f a and b are any numbers

ViaX +bY)=a’V(X)+bV(Y)+2abCov(X,Y)

It B 1s a vector of coetticients B = (5, f;,..-, )

and V 1s the (p+1) by (p+1) covariance matrix of B,
and b is a vector of length (p +1) of numbers, then

p
b'B =Y b} has variance
i=0

b V=33 by,

i=0 j=0
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D O B 0 ot @0 = 1 it 1 B § D10 8 o B4

A B s S S AR A A R o Y R

e AL

(Intercept) age tanner?2 tanner3 tanner4 tannerb
AR SO Y B T R BRGSO e O S 0.8264390 2.5645049 A RO N SRR )
westsayels

(Intercept) age tanner? tanner3 tanner4 tannerb
RS OB =V T 2 @ oA RV SR, SR AR B N S S R O R L L 0 R R B QR O SO R A R DB o 174 D 4 S Oy W L L7 STt R S0 R s 8 S 1)
age e B R B G e o ) o 1 T s I P e S e Y S A
tanner?2 o O 6 2 0 (D A B0 R e FRI O 71 L 0 D e T e 1) o s T e P o G N L0 PO e B W PG O et b R QY O R O o
tanner3 R e S o B R L e e o e A 9 e e A A P S A e A 0 1 B0 B 4 ] ] ot 10 W e 00 e Vs 004 S 7 A )
tanner4 e e e L e S M S el
tannerb (BIReASHe  C RO Re RS e 1§ e S A R T o e sy 1 010 8 B O S e 1 R R R e a1 8 Y G SO R A o T IS B RC R B S
B e Vs S o 1 e o Vo e o i ) s Y SRR S o = e ] 0 0 P s S I 0 1 T AR FRS 9 QLA S o e H e O M d S a R s

D B SR S e
[,1]

e e e e Vo M b e

B R R B b B P e AR s S A
[,1]

B R SR o SR SRR

e P oY | i e O v MO B S Y S SR
AT O s T s RS S 0 IOV ) e o i A5 e d v 9 M 7 010 Rl G100 19 R e o 1 i B R @ W ee GO e o o el ¢ R Mo @ R O T D [0 B e s R i £O)
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Alternatives

We can re-run the analysis with a different default level for the
categorical variable so that the desired comparison is a single
coefficient.

relevel {stats} Reorder Levels of Factor

i pra e N T R e R e B Ve nr e WA e ate B sXa b S B ale | s et o e s G sl a el R e nif )
EEnad e sy te R e e avs e anvene ey s s e e o e R Ve e e o s o nen Anes are v i
moved down.

o = B envd = A b G o = M

X an unordered factor.
ref the reference level, typically a string.

April 6, 2021 EPI 204 Quantitative Epidemiology III 24



”7 o B 7777\ /
/ e L sy —

=

Contrasts

A contrast is a weighted combination of factor levels in
which the weights add up to 1.

We can change the coding of a factor with five levels

from an intercept and four o/1 variables to a set of
contrasts.

I'his can be complex and hard to implement.

I'here are other R packages that can handle these
separately such as multcomp.
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Interaction Terms

An interaction means that the effect of one variable
depends on the level of another.

To get a numerical measure of effect such as odds ratio
we need to specify the level of the other one.

We can set the other variable at the modal level, the
median level, or the mean level, or at a variety of levels

We will illustrate this with the evans data.

April 6, 2021 EPI 204 Quantitative Epidemiology III
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> summary (glm (CHD~CAT+CHL+HPT+CAT*HPT,binomial, evans))

-~

Coefficients:
Estimate Std. Error z wvalue Pr(>|z]|)
B g oY = @ = O i et A MO I RS Y S 1 0.758746 -6.030 1.64e-09 **=*

CAT 2.190774 0.498842 T S S
CHL 0.008495 0.003256 i o RO T L B B R A H B otk
R B M Bl cean 0.324423 R s T s v O e O G L b
(CY 2 B e SR L O O Ho At O NE M U O OO R R e P

Effect of CAT when HPT = 0 is 2.190774 with inferences given on the line.
0 o Y o oAy T e o G LA A S O e e e o e et L o [ e e 0 B e B O BTG
T e, B 2R AT TR e . 0 ] et e B K e S F e o 1 6 M T O O S )

DT o W A e e 1§ o Fhl Qo e 19

D ] O e ot s @ i
[,1]

R e B A R RO RN T

> v <- vcov(evansl.glm)

(A A T
[,1]

e e B R bR M Sl

S 3 1 0 0 8 0 S s s Ve 21
Eoredsd

R R s Ao S AN Ry
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n=-4.575 + 2.191 CAT + 0.008495 CHL + 0.9127 HPT — 1.6815 CATxHPT
When HPT = 0, this 1s

n=-4.575 + 2.191 CAT + 0.008495 CHL

and the effect of CAT i1s 2.191

Inference can be read off the coefficient table

When HPT =1, this is

n=-4.575 + 2.191 CAT + 0.008495 CHL + 0.9127 — 1.6815 CAT

and the effect of CAT 1s 2.191 — 1.6815

Inference 1s more complex

April 6, 2021 EPI 204 Quantitative Epidemiology III 28



I S 13 [ (o B B S RS T B e L 8 G @ G A Vi T Y < Y o o (e P (2

603 Qi kep Ae =09

~

B SR SR Gl o O o M SO T s 15 Bl
CAT e L er) 0
CHL 0.008495 0
HPT e E A R o) s
CATLHPT o R o S B G 0

Effect of CAT when HPT
Effect of CAT when HPT
e © T et Lo o 4 e M e B e 1)

- % 0 O o e e @

R R i O AOMAE O AR GHA T

> v <- vcov(evansl.glm)
D N, o G 1 8 10 ) e S s s Ve © 30
[ Qe 3B 29:2:09

Log odds ratio = 0.5093054,
701G AN @16 [0 ho AR a7 Nl © Y S B s e POt O 0 e Vst O BP0 Y O W S G o PO
(-.1824, 1.2010) and odds ratio CI is

758746

.498842
SECR e

324423

829

43921 r kL Z2e=05
P S8 R T L A DR A 1 O 0]
S

A

TSRS YR B ey O RO R

YOO e R h s T B Qe b ST AL

0 is 2.190774 with inferences given on the line.
e e e o o

S R e e O GRS M Y
(i e e Pant vl

Catecholamine level has a significant effect on non-hypertensives, but

a smaller and non-significant effect on hypertensives. 41.9% of subjects

are hypertensive, so we could use bl <- ¢(0,1,0,0,0.419) for average effect.

April 6, 2021 EPI 204 Quantitative Epidemiology III
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k Homework: Due 4/15/21

For the Byssinosis data, there are three levels of
workspace. Test the hypothesis that each differs from
the other (two are in the summary table and the third
requires the covariance matrix). Find 95% confidence
intervals for the three odds ratios.

Do the same for the three levels of employment time.

Fit a model omitting race and sex but including the
smoking by workspace interaction. Find the estimated
eftect of smoking for each of the three workspaces
separately, test the hypothesis of no effect, and find
95% confidence intervals for the odds ratios.

April 6, 2021 EPI 204 Quantitative Epidemiology III
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