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Transforming Horizontal Data to Longitudinal Data

Restructure data from horizontal to longitudinal format (1)
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Transforming Longitudinal Data to Hor
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direction =
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', idvar = "id"
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Generalized least square % (/Eé“iﬂ%:ET)b&nEﬁéhé‘_&%EU EXD)

#Linear and Nonlinear Mixed Effects:Models

library{nime)

#RDFIET A>T 31 )f*’é{’ﬁﬁi(ﬁﬁo)?z——vyl\)
dataF=subset(growth.long, sex=="F")

f.factor<-gls(gt~factor(age), data= dataF correiatlon corCAR1(form—~age [Id) method YREML,
na.action="na omlt")

summary(f.factor).

> summary(f)

Generalized least squares fit by REML

Model: gt ~ factor(age)

Data: subset(growth.long, sex =="F") TPaired TRETEHLNBP

AIC  BIC loglik

151.6785 161.8118 -69.83927

Correlation Structure: Continuous AR(1) HACRBIEMNHHTEL

Formula: ~age | id

Parameter estimate(s):
Phi

0.946736

Coefficients:

Value
(Intercept) 21.181818
factor(age)[T.10] 1.045455
factor(age)[T.12] 1.909091
factor(age)[T.14] 2.909091

anova(f.factor)

Denom. DF: 40

EEMRETILERHV-BF

EEEFHPENABOND,
CELDHEEDOHEIZ, 7Ok

T—REBRMICANDIENT
EXH

gls: generalized least square method

factor: FZ AT ICEHET S

correlation: F—ZX DIEEOFEET
method= =“REML" /NSA—2D £
Restricted MLE;AZ LD
na.action="na.omit” RIBF—X(ITT&IC

HUBR

Std.Error t-value p-val
0.6825718 31.032368 0.00
0.3108377 3.363345 0.0017
0.4280439 4.460035 0.0001
0.5107282 5.695967 0.0000

ﬁtlhbﬂt

— A by el

numDF F-value p-value

(Intercept) 1 1280.4628 <.0001
factor(age) 3 10.8694 <.0001

V=R UREIZX T AGlobaligE
HO: £ TOEHTLYHIMNELL

p<0.001

R D ELETH—DT:EVAH D

FOT. FNFhORBEIZBNT

400

35.0+]

3004

Mean.Déntal Growth-Méasire

2007

P<0.0001

PIEIFFIELGLTHEL,

Ayumi Shintani, Ph.D., M.P.H.

A5 S Y S 7

Age
Error Bars: 95% 1



FRTERBREBSBULBEEEFS5THWERT BE-TEEE
METUESERE V4 FaTFAT— OV Y 708 TRRICEHE
LTHELLD, 2EOYy TR ES 1 BIBRERT 2HEE

HEULEY,
D1 BROY v 7HETh 2EE LD
TEEEYREOY YT ORER I T ERE vy ue 0.85 X 0.95 = 0.9025

1EBS 2EBSVy VITERINT SHEHN 0%, RRTHEER
ERERsBELEY, 1HELZHEOV sy TOREOHASD G1EEOYy Y THR. 2EERER
Bid, MTO4BUEDET,

0.85 x 0.056 = 0.0475

F1EHOYy Y THER, 2EHERRY

0.05 X 0.95 = 0.0475

@1EHOYr Y THRE, 2EEBEY

0.05 X 0.05 = 0.0025

D ED 1 BIRAKRT BRER @+ S + @EFEINEIVD
T, HEos CHEENSH AEER

0.0475 + 0.0475 + 0.0025 = 0.0975




1 BESZ CEEOY ey TOAENEESTEL NS g2

1EBEOY Yy TR PHEENISUT, kHWTIHES 5% &
VEY, &/, 2EROY v Y 7ORBOBXRI 1 BHORSEICES
0L, 1EBEFEHLES 2 BIBICHIHYT 2HRIE 00% & 1 EE
EORBBOENL, 1BEFEKRLES 2B 50%ETTHE

ELEY, duded 1 ERERTIHER, TROQ + O+ @t
BOEY,

OOEE 005 X 0.99 = 0.9405
@R 0.95 x 0.01 = 0.0095
QOREE 0.05 X 0.50 = 0.025
@oiEE 0.05 X 0.50 = 0.025

&oT, BE->THEELNHAHEER

@+ @ + @ =0.0085 + 0.025 + 0.025 = 0.0595

LO2O0HEOERNS, 2 DORENEBER (BI1) BBERO
AR, Bk (BR) I'BBREELD, ML 1 DORETESH
BIEDPHTURSERPREL BB LA ET,
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BEMRETILEET —F0EH)

f factor<-gls(gt~factor(age),data=subset(growth.long, sex=="F"),
correlation=corCAR1(form=~age | id),method="REML",na.action="na.omit")

HEOBEZRY

> summary(f.factor)
Generalized least squares fit by REML
Model: gt ~ factor(age)
Data: subset(growth.long, sex =="F")
AIC  BIC loglik
151.6785 161.8118 -69.83927

Correlation Structure: Continuous AR(1)
Formula: ~age | id
Parameter estimate(s):

Phi

Coefficients:

—

(Intercept
factor{age
factor(age
factor(age

0.946736

T—3NDEE

SRFEFEI0BEROT —20HEE

Value
21.181818

[T.10] 1.045455
[T.12] 1.909091
[T.14] 2.909091

Std.Error t-value p-value
0.6825718 31.032368 0.0000
0.3108377 3.363345 0.0017
0.4280439 4.460035 0.0001
0.5107282 5.695967 0.0000

SEFEI2ZBRBEDT —ZDHEHE

SR LIARBOT —2DIEE

10BFE145E

Correlatior;
Dental Growth mexﬁ Dentﬁm@ﬂh Dental Growth
atfyo AN YO, atiygye at14yo
Dental Growth at8yo  Pearsch Torelation 1 B89 878 847
Big. [2-tailed) DD 001 032
N 10 10 10 10
Dental Growihi at10y0  Pearson Correlation 869 1 But) L0224
Sy (Z-tailedy 81ii3) 000 \%
M 10 16 10 10
Centat Growih.at12yo  Pearson.Cotrelation 878 800 1 845" Y
iy (2-tatlsdy 1001 080 00
T 10 23] 10 T
Dental Drowth at 14y ‘Pearson Correlation BT 402 849 1
Sig. 2l 002 L 000
il 11 10 30 0

TS oE LB

14 E125E 0

= Comelation is:significant atthe:0.01 levsl {2-4ailed).



HBJ D FEFE: Unstructured

Correiations:
Chastal Gevwtty | Dondyl Geooth | Donlyl Ovavdh | Dontyl Growth
LSy Hide atiive at 14 vu

Spsarman's o Dowinl Guowth gt Sy Sopraimion Doellickg i $68 Tuy e
Sy, (taltedy . Reid o R
¥ g £ 14 18

Denlal Growth ot 4fye Couslation Cosfliciant 1008 B0z B84
ig. {Sgaledy . Lun Fii]
] 1 i 14

Denfat foveth A 150 Coeslation Sosticisnt 1800 BTE
Fiy (atatted . BOb
21 18 18
Drontyl Growth 31 18ve  Corvalgtion Cosfigiem \\ 1000
o MR S o] .
¥ 1%

** Comedalion is sigaificant at ths £.0) lsvsl (2aileds.

« HEZEREET. THILoTHEEHET S, VE—rOEEHER
HEHFET HMENTA—LDHMNERED T, EFHROLLVRE T
OverfitD @M FELET D, —>DFEYCZTRYLLDIE, 5 ET /85
A—BDHEFERICHZA D DEDEBEICFtLI-BEERET L,

> 2.00]
N
sfe o 1.00
FEREDFESE: Independence o
% 0.00
3 -1.00
Correlations m -2.00| .

at8yo at10yo at12yw at1dyo 1 2 3 4 5 5

Spearman’s tho  Dental Growthat8yo  Comelation Coefficient

Sig. (2-tailed) 1 0 0 0 Time

N points
Dental Growth at 10yo  Comelation Coefficient
Sig. (2-tailed) 1 0 0
N
Dental Growthat 12y Correlation Coefficient
Sig. (2-4ailed) 1 0
N
Dental Growth at 14 yo  Correlation Coefficient
Sig. (2-tailed) 1

N
Correlation is significant at the 0.01 level (2-tailed).

ETORABIFERZRELTVS, EERCANOE TS TF—RIEESTHLNADT—2LYELIL
TWWHDT,
COREGHEEN, FITHEEOLLTRRSHETIL. EEOBRBEBLERNELALD,




Correlation Structure:

» Exchangeable (compound symmetry)

s
s
Correlations
Dental Growth | Dental Growth | Dental Growth | Dental Growth
at8yo at10yo at12yo at14yo
Spearman's tho  Dental Growthat8yo  Correlation Coefiicient
Sig. (2-tled) 1 0.85 0.85 0.85
N
Dental Growth at {0 yo  Comelation Coefficient
Sig. (2-tailed) 1 0.85 0.85
N
Dental Growthat 12yo  Correlation Coefficient
Sig. (2-tailed) 1 0.85
N
Dental Growth at 14 yo  Comelation Coefficient
Sig. (2-tailed) 1
N

Correlation is significant at the 0.01 level (2-tailed).

« 2TORBFEFLWNIEERELTLND(r. BEFRSD . HlIE
r=0.85&& L V-
Z T8 E10BBED T I LESERE4BEDO T O LNR LR
[ZHEET B ELSRE.

Correlatio

B O
Ho

n Structure

- Auto regressive (1) / 1 st order Auto regressive

T T T v T
i v2 v Y4 ¥ ¥6

Category

riE T R COBEBERBDEHNTIHET S, Hi

200

100

200~

Value

Correlations
Dental Growth | Dental Growth | Dental Growth | Dental Growth
at8 yo at10yo at12yo at14 yo 2004
Spearman's tho  Dental Growth at8 yo Correlation Coefficient

Sig. (2-tailed) 1 r! r2 r3

N
Dental Growth at t0yo  Comelation Coefficient

Sig. (2-tailed) 1 i1 r2

N
Dental Growth at 12yo  Correlation Coeflicient \

8ig. (2-tailed) 1

n 1 r
Dental Growth at 14yo  Correlation Coefficient

Sig. (2-tailed) 1

N

Correlation is significant at the 0.01 level (2-tailed).

Category

- HERE r FEOLYREARBLEOT, JE—LT 2D AER
BOHEBLI NS FEHEENI BRI LERETES,



corAR1
corARMA

corCAR1

corCompSymm

corkxp
corGaus
corlin
corRatio
corSpher
corSymm

Ayumi Shintani, Ph.D., M.P.H.

NLME®D/\y4r—o CiERTI g/ HE D iELE

Autoregressive process of order 1.

Autoregressive moving average process, with arbitrary
orders for the autoregressive and moving average
components.

Continuous autoregressive process (AR{1) process for a
continuous time covariate).

Compound symmetry structure corresponding to a
constant correlation.

Exponential spatial correlation.

Gaussian spatial correlation.

Linear spatial correlation.

Rational quadratics spatial correlation.

Spherical spatial correlation.

General correlation matrix, with no additional structure.

HEEEOStructure OEIR

o HWEREOHMNVEIE—FDEEA L VS S IFUnstructured
[FOverfith 25 Al REMEIZH DD THRELAL, HIZFEFIE
PREVG & EUnstructured AR EN 5,

s BRREIZE>THEANELSEEHN ST —42ECompound
Symmetry[#ERELAELY, AR(DDESIZHERIDRENKEAD
CEICHEBEEBURE TE AL 5% Structure AR L VEEN B,

s TANJE—FTIEELISRE— (BRIDEEALVERE) L
TW5EEECompoundSymmetry BB EEh 5,

Ayui Shintni, Ph.D., M.P.H.



AR DHEBEFREL-ETEE

#Linear and Nonlinear Mixed Effects Models
library(nime)

f.factor<—gls(gt~factor(age),c.ata=subset(grdwth.Iong, sex=="F"),
correlation=corAR1(form=~age | id),method="REML" na.action="na.omit")

summary(f factor)

summary {f.factor)
Generalized least sguares fit by REML
Model: gt ~ factor(age)
Data: subset (growth.long, sex == "F")
AIC BIC logLik
151.6785 161.8118 -69.83927

Ayumi Shintani, Ph.D., M.P.H.

UTOZNENOEBEEREL T BT HERNDAICEUTORICEEALLS

e

corCémpS_ymm;

corAR1
corCAR1
corARMA




CLSEELEAMRETIVRARENERMERETIVNENH S, EREELESHN
BEIRTERGET IMILDERRE,

hist(f.factor$residuals)

Histogram of f§resituals

Frequency

24
o
T
2

r
<%

Ayumi Shintani, Ph.D., M.PH.
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Comparing rate of change between 2 groups
The data are from a study of dental growth measurements of the
distance (mm) from the center of the pituitary gland to the
pteryomaxillary fissure were obtained on 10 girls and 16 boys at
ages 8, 10, 12, and 14

Hes Sex
£ Gl Sy
35.04 3 Bays e fig
v
S

8
&
o]
it
Yo
-

Dental Browth Méasire
IR
Mean Dental Grswth at'8 yo:

=
=
7

T v : T T o T T T 7
8 9 i1 1t 2 = 14 £l i 12 73
Rge Age
Errgr Barg:95% G

AgeEEFELTETVZRAL. FNENOERBFO T VM LOFHEFEHET
HETDE PEGHIEZSEHOBMBELHS LIS BTOBRHEANT (LT 5.
TETHNIEER IESRERELTETIVICEAL EEEBRTHERTIANRE
ENHPTLY,

FFIEEFOHTCEINBFEZTV. KFOIHTH-EMTHRERZEET 5,

f.linear<-gls(gi~age, data—subset(grthh.long, sex=="F"),
correlation=corCompSymm
(form=~age | id),method="REML",na.action="na.omit")

summary(f.linear)

Coefficients:
F Value Std.Error t-value p-value
(Intercept) 17.3727 0.85874 20.2304 0
. age 0.4795  0.05259 9.1186 0
P L
P T s

Average annual rate of growth is 0.485 mm among girls.



RICBEFOAHTEMBERZTD. BFOATH-EMTEYRREEZHET S,

f.Iinear<-gIs(gt~age,data=subSet(grthh.long, sex=="M"),
correlation=corCompSymm(form=~age |
id),method="REML",na.action="na.omit")

summary(f.linear) \

. ¢ Coefficients:
; ( Value Std.Error t-value p-value
! ¢ % (Intercept) 16.3406  1.12872 14.4771 0
| age 0.7844  0.09382 = 8.3608 0

2

Average annual rate of growth is 0.7725 mm among boys.

HIN—2YOEREN CHEL BT LA TOEMTERERFEL WAL S A RIAREETS.
age L sexDENTEDIEA ETILICIRAT 3,
Llinear.int<-gls(gt~age*sex,data=growth.long,
correlation=corCompSymm
(form=~age | id),method="REML",na.action="na.omit")
summary(f.linear.int)

Generalized least squares fit by REML
Model: gt ~ age * sex
Data: growth.long
AIC BIC logLik
445.76 461.62 -216.88
Correlation Structure: Compound symmetry

Formula: ~age | id
Parameter estimate(s): BFLRFOFERBREDE
Rho P<0.05 & W BEEBENHT,
0.63184 -
Coefficients: S

Value Std.Eerr/t—value p-value
(Intercept) 17.3727  1.18351 14.6790 0.0000
age 0.4795  0.09347 5.1305 0.0000
sex[T.M] -1.0321 ~1.53742 -0.6713 0.5035
age:sex[T.M] (0.3048° 0.12142 2.5105 0.013%



SR EEFRELSVES L. age ZEFELTETILICIRAL. Age ESexDHHTH
DIEBEZRAZELTEEEA, IRTA—ENEHTLKBD THRMAPPILLY,

f factor.int<-gls(gt~factor(age)*sex,data=growth.long, correlation=corCompSymm
(form=~age | id),method="REML",na.action="na.omit")

summary(f.factof.int)

y Meeﬁy“éuteoﬁgﬁe for girls at age = 8

> summary{f.factor.int)

- Diff between age 1010 8 among girls
Coefficients: ,. RO —— ‘:' i
Difference between boys and girls at age 8
(Intercept) 21. 818 .0 £Q1EQ4R 20 aqn1ag n..nonn

factor (age) [T.10] 5455 Difference between boys and girls in

factor(age) [T.12] “ difffromage 10to8 -
factor(age) [T.14]

sex[T.M]

factor{age) [T.10] :sex[T.M]
factor(age) [T.12] :sex[T.M] 0.9

factor(age) [T.14]:sex[T.M] 1.68265 leference between boys and glrls in.
reduction from 14t08 -

U uJJL.‘:t/J '-_t.uua\)ru ARV

322  Difference between boys and girls
o in diff from age 1210 8.
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JOURNAL o MEDICINE

FRFRESE G £ R SERIEMELS Fr S04 iR L

Ftecr of Siboumine on Cardiovsscalar Quicoimes
i Ovemfen,ht amd Obese Subjects

e, B TR B B U Ssberoan, BEE

BAOHGROUND,

‘The long-téim eftects of sibutraming treatment o the rates of cardiovaseular events
and mrxiaomecuiar deathamong subjects at high cardiovascular risk have not been
established:

METHODS
W e enfol%ed inour smd& 10,744.0v em'exﬂht or obewe sub;ects ‘55 years o_ge or older;

:e cardmvascu ar ctmseqaences of wetghr managernent w'm and wzrhout sibttra-
i ascular events, All -the subjects receved
sibursamine i add:t'ml o participating in 2 weighemanagement program during
aGweek, sirigle-blind, Jead-in perind, after which 9804 subjécts underwentzandom
dssigament fn:a double-blind fashion 1o sibutramine {1966 subjects) ot placebo
{4898 subjects), The primary end point.was:-the time from randomization to the
First occurrence -of a primary outcome event (nonfatat myocardial infarction, non-
fatal stroke, resuscitation after cardiac arvest; or cardiovascitar death).

RESUEYS
‘The méan diration of treatient was 3.4 years. The mean weight loss:during the
Tead-in period Was 26 kgt after randomization, c‘m siblects in the siburrdimine groun
Hiev jntained i 7 Je), The'miean blood
pressure deécreased in both. groups, with, greater reductions i the placebo group
than in the sibutramine gronp: (mean difference, 1.2/1.4 mm Hg). The risk of a
primagy joutcome: event was: 11.4% in the sibutramine group as copared with
16:0% in the placebo group (hazard ratie, 1.16; 95% confidence fnverval {CI3, 103 to
1.31; P=0.02}. The rates of nonfatal myocardial infarction and nonfatal stroke were




A Weight

Mean changes in body weicht and vital siens

from the baseline of the lead-in period to each

schednled smdv visit were evaluated Eong 1mch~

:epg&ted gnﬁaq;geg is mdadmg ﬁtcmrs for treat-
ment; country; sex; age; baseline values for body
weight, systolic blood pressure, diastolic blood
pressure; and pulse rate; visit; interaction be-
tween ‘treatment and visit; and interaction be-
tween: baseline values aud visit. The following
‘Covariance stmctares were considered: unstruc-
tured, compound symmetric, firstorder autore-
gressive, and Toeplitz. The covariance stricture
that provided the best fit according to Akaike’s

information criterion was used in the analvsis,

980
47,0+
96,0+
= %va—“‘
:g" 940" Placeba
g 93,04 PURE ST G At ik B P
o g EAT
-g 8204 "-._;;:“ _ .
NIRRT S T S oo e o |
e 18105 \.\\__N.,!"' Sibutramine
g 90,0+,
8801,
P
m.eh-l._lil{.vll%!flxilllhIIll‘IJL_Illll
& W g 9 @ @ ©
e % =
Study Visis
Ho. at Risk: ) o
Flacebo 48497 108 3 57‘{3 3191 252 %l
Stbutramine AN 474 3713 33458 2315 1023
Statistical Analysis
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CHDEDOEEOREOH

# geepack is a package containing GEE

library(geepack)

#Read dataset

gee <- read.table("C:/gee.csv", header—TRUE sep="")
#WIill print only 2 digits after the decimal pomt
optlons(dlglts-Z)

#geese fits GEE, we save the result of geese in an object ‘g’
g<-geese(Outcome1 ~Group, id = ID, data = gee, mean link="logit",
family="binomial"; corstr-"exchangeable")

#view the contents of “g
summary(g)

Selection of link function in GEE

mean.link: a character string specifying the link function for the
means.

family: a description of the error distribution and link function to
be used in the model.

When number of cluster = 1

53

T NN LDIERE |Regression Mean.link | Family

BT E Linear identity gaussian
H{EZ# Binary logistic !logit binomial
EDARUEGEHR | Poisson log poisson

FrEz&ER) . 8E

54




Correlation structure available in GEESE (function for GEE in R)

corstr: a character string specifying the correlation structure.

The following are permitted:

" independence "
"exchangeable "
llar1 "
"unstructured "

55
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