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Abstract

Multivariate data are often generated with multiple outcomes in various fields. Multiple outcomes could be
mixed as continuous and discrete. Because of their complexity, the data are often dealt with by separately
applying regression analysis to each outcome even though they are associated the each other. This univariate
approach results in the low efficiency of estimates for parameters. We study the efficiency gains of the
multivariate approaches relative to the univariate approach with the mixed data that include continuous
and binary outcomes. All approaches yield consistent estimates for parameters with complete data. By
jointly estimating parameters using multivariate methods, it is generally possible to obtain more accurate
estimates for parameters than by a univariate approach. The association between continuous and binary
outcomes creates a gap in efficiency between multivariate and univariate approaches. We provide a guidance
to analyze the mixed data.
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Table 2.1. Heart Disease Data

Binary responses

Responses (Yy) Disease, FBS

Covariates (Xg4) Age, Sex
Continuous responses

Responses (Yc) CHOL, MHR

Covariates (X) Age, Sex, Vessel
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!
YejilXeji = Xe,iBe + Eis

A71M B, B, Ak Bolm gy 9y it A2 A AR JAR olGY, A% W3
WeE ogd wewsd ik j = 1,..., 7, 4459 BeNsd wi j = 1., Solth nxzez

e A 2 0 (factorization approach)2 o|F@ 3 %53y WHEHSTE A= thAE AR
£ £ &34 (likelihood function)E Faf EA3sl= Wyog $d4 A4 v wetl ohdst Je)
2 A Bk B =Rl olRF MIWAT 2ANE S SEPSE weASAT o WPHe
Olkin¥} Tate (1961)° YA A3 A= A oH 1tzmaurlce$]- Laird (1997) o 93 E3d whHo
2 kg o] AR E oY thHH B} oY F7F FoAHS wo] ALY thiF Ex

T}E
(e}
o] oz AT ZH A i7F 5HS 7Hdshd —rE@—’F% %ﬂr Zrt.

L(Yd7 H fydvyc ydwycz) de(ydi)fYc|Yd(yci|ydi)7

i=1,.

o] 7] A Vai = Wayiy- -y Ydri)s Yei = Yeri- - >yc5i)°]u1 ANA il A 242 T x 1, S x 1 HE]E 74Kt)
FHYE T fy (y,)2 olFE oz B 7 gosiA 492 4+ 9tk (Cox, 1972; Bishop 5,
1975). 2 Zo°llA Fitzmaurice®} Laird (1997)2 FA4E B9 A o] vlud 4 21 AFFHE
Ahgate.

f(ydi7 W;,Q;) = exp {‘I’fLYdi + Qg"'i — A(P;, Q)

——

AZIA i T o] o]FY W] WAk i WHE o]FF WREWHS ya 04 j=1,2,...,T
VA (YdyiYdais - - -+ Ydgq_1yiYdpis- - - YyiYdai - - - Ydop_pyi¥Yars) S22 BFED & ok M Q= 9
7o thE B4R olFgy vkgW 7HY 2R 2392 =42 s|A 7Sttt (Fitzmaurice$} Laird,
1997). vt 2 A(W,;, Q)+ B 3daelth

ShEo] FALE B Sy y, (volye) S THAS AFRER A58
_T _1 1 ]
f(¥eilya) = (2m) "2 det(X) 2 exp  — ) (YCi - u’(c|d)i) X (yci - l"’(c|d)i) .
A AoAlA B = cov(Yei|[Yai), T'e S x T FEE o]FofR y ;9 y., & AFIAATI pgs, tes
s Z17Fe) AmRSsl o) 4 2B BoW 5 AAW B =BIAE p, = Xub,,
10git(udi) = Xdiﬁdi 7%“0’]8]'1 N(C‘d)fé‘ %"’]’ Z—:]-—O] @Q":}r/}
By = Pei T T(Ya — Bai) (2.1)

o714 T A% WguSe) o] FY MSus ke AT B glor] §x T FPL 7Hack



7

2

L.
.

iz

ey
=

] (Generalized Estimating Equation; GEE)S ©]-83}]

Daewoo Pak, HyungJun Cho

Prentice®} Zhao (1991)8} Zhao

608

0

<=
)
fred
e

ofy

o .
G

N},

*
79

10+ ¢ (y;

A, exp {y-

k3

4=(shape function)°]t}.

A Adse]

1

T
h=1

3 el

f(yi;6:)
W7k B o

iAo A2 o]

=] 2~ A 2~
T, v B

* L
L

714 y;

(3

KI

=t

3] of 3

A2}

x

w
<

[e)
o

A9k Fol] oJET

o)

1w

O]

3317

7

7

[e)

(yi —mi)=0

'Vi_l
(2.1)

k3

Al
A

’

> D

/98", Vi

*

ou’

k3

L.

A B o=A

v’ ¥+, D;

gl

ek,

* O

O]U%’ [ 22

AL 2

)

oj
2ol

T
0

AE 4 2

=
T

PFoPAE ViZh ZR AoH ke g7

(3.1)
(3.2)
(3.3)

I

)

, O
A SEOR Lo} A2E A

5510 + Bqlmcli + Fl(ydi - I"’di)
Beao + Bes1Tesi + Ta(ygs — M)

logit [P(Ydai = 1Tdpi)] = Baso + Bay1Zdyis

logit [P(yd,i = 1@ayi)] = Bayo + Bay1%ayis
) ~ MVN ((

[ P A =R B

el

o]_QL
H7bs

=
=

Yeri ‘ydli
YeoilYdai
3f

ol

(

L
-

H](Odds Ratio; OR)

o714 Ty
7 WEe
45k

J
0%

.

w_,_

Lcogi ™~ ]\7(07 3)

Tcyi

Tdyi

o] a3t

=
=

- 7
¥ Tayi

L
L
T

Bl

3



A Comparison Study of Multivariate Binary and Continuous Outcomes 609

Table 3.1. The MSE ratio of an univariate approach to multivariate approaches when the set of predictors for the
continuous and binary responses are the same

Association between responses Efficiency of the multivariate approach

- - - Method

Categories Binary Continuous Bayo  Bay1 Bayo  Bdyt  Beio Beii Peso Beat
M1t 1.00* 1.00 1.00 1.00 1.00 1.00 1.00 1.00

none none none
M2# 1.01 1.00 1.03 1.04 1.00 1.00 1.00 1.00
M1 0.99 1.00 1.00 0.99 1.00 1.00 1.00 1.00

none none some
M2 1.02 099 107 1.04 100 1.00 1.00 1.00
M1 1.09 097 1.01 1.00 1.00 0.99 1.08 1.01

none some none
M2 1.00 1.00 1.01 1.02 1.00 0.99 1.03 1.02
M1 1.00 098 1.00 1.06 1.00 0.99 1.00 0.99

none some some
M2 1.00 1.01 1.08 1.01 0.99 098 1.00 1.00
M1 0.99 099 100 099 1.00 1.00 1.00 1.00

some none none
M2 1.01 1.02 1.02 1.03 1.00 1.00 1.00 0.99
M1 1.02 1.01 1.01 0.99 100 1.00 1.00 1.00

some none some
M2 1.03 1.01 1.02 1.00 1.00 1.00 1.00 1.00
M1 1.00 099 1.00 0.01 1.00 1.01 1.01 1.02

some some none
M2 1.02 099 1.00 1.03 099 1.01 1.01 1.02
M1 1.00 1.03 1.00 1.00 0.92 1.00 1.00 1.00

some some some
M2 1.02 1.02 1.00 1.00 0.99 099 1.01 1.01

T Factorization approach, ¥ GEE approach.
* Lower value indicates that the multivariate approach is more efficient.
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Method
M1
M2*
M1
M2
M1
M2
M1
M2
M1
M2
M1
M2
M1
M2
M1
M2

T Factorization approach, ¥ GEE approach

none
some
none
some
none
some
none
some

Binary Continuous

Association between responses
none
none
some
some
none
none
some
some

none
none
none
none
some
some
some
some
* Lower value indicates that the multivariate approach is more efficient

Table 3.2. The MSE ratio of an univariate approach to multivariate approaches when the set of predictors for the
Categories

continuous and binary responses are not the same.
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Table 4.1. Correlation matrix of binary and continuous responses

Disease FBS
CHOL 0.12 —0.42
MHR 0.03 0.02

Table 4.2. Parameter estimates and P-values for Heart Disease Data.

Univariate approach Factorization approach GEE approach
Model Parameter - - -

Estimate  P-value Estimate P-value Estimate  P-value
Intercept —4.864 <0.001 —4.786 <0.001 —4.664 <0.001
Disease Age 0.064 <0.001 0.063 <0.001 0.061 <0.001
Sex 1.622 <0.001 1.599 <0.001 1.583 <0.001
Intercept —4.331 <0.001 —4.086 0.003 —3.514 <0.001
FBS Age 0.042 0.037 0.039 0.067 0.029 0.049
Sex 0.353 0.361 0.366 0.224 0.294 0.226
Intercept 5.335 <0.001 5.325 <0.001 5.314 <0.001
log(CHOL) Age 0.004 0.009 0.004 0.011 0.004 0.005
Sex —0.070 0.006 —0.066 0.023 —0.069 0.006
Vessel 0.018 0.173 0.005 0.342 0.015 0.191
Intercept 5.384 <0.001 5.415 <0.001 5.419 <0.001
log(MHR) Age —0.006 <0.001 —0.007 <0.001 —0.007 <0.001
Sex —0.038 0.057 —0.043 0.012 —0.044 0.009
Vessel —0.021 0.048 0.001 0.476 0.002 0.431
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