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장은진1

1안동대학교 정보통계학과
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요 약

건강 관련 삶의 질 자료는 정규분포를 따르지 않고 치우친 분포를 보이며, 등분산 가정을 만족하

지 않는 경우가 대부분이다. 또한 건강 관련 삶의 질 자료는 범위가 정해져 있는 자료이며, 건강한 상

태를 나타내는 경우 최대값을 가지는 천장효과가 있는 자료이다. 본 연구에서는 건강 관련 삶의 질 자

료인 EQ-5D에 대해 선형회귀모형과 베타회귀모형, 그리고 평균과 정밀도에 대한 하위모형을 가지고

있는 확장된 베타회귀모형을 이용하여 예측모형을 개발하고 모형의 예측 정확도를 비교하였다. 선형

회귀모형에 비해 확장된 베타회귀모형의 예측 정확도가 높기는 하지만 신뢰구간이 겹치고 있기 때문

에 확장된 베타회귀모형의 정확도가 더 높다고 할 수는 없다. 하지만 확장된 베타회귀모형은 공변량

에 따라 분산이 달라지는 부분을 설명할 수 있으며 선형회귀모형이 제한된 범위를 벗어난 값을 예측하

는 부분을 개선할 수 있다. 따라서 범위가 제한되고 이분산이 있는 치우친 자료에 대해 공변량들이 평

균 및 정밀도에 영향을 주는 정도를 동시에 고려하는 확장된 베타회귀모형은 건강 관련 삶의 질 자료

인 EQ-5D를분석하는방법으로적절하다고할수있다.

주요용어: 건강관련삶의질, 베타회귀모형, 이분산, 한국의료패널조사.

1. 서론

건강 관련 삶의 질 (health-related quality of life; HRQOL) 자료는 임상시험 또는 환자등록자료 구

축을 통한 의학연구에서 중요한 결과변수로 최근 중요성이 증가하고 있으며, 특히 비용-효용 분석과 같

이 치료법의 경제성을 평가하는 연구분야에서는 특히 중요하다 (Longworth와 Rowen, 2013). 비용-효

용 분석에서는 삶의 질 보정 생존년수 계산을 위해 특정한 인구집단 또는 질병의 상태에 대한 효용을 단

일지표를이용하여건강관련삶의질을나타내는데 (Drummond 등, 2005), 선호기반의건강관련삶

의 질 도구인 EQ-5D (Dolan, 1997)와 SF-6D (Brazier 등, 2002; Brazier와 Roberts, 2004)와 같은 도

구를 많이 사용한다. 특히 영국 국립보건임상연구원은 치료법에 대한 경제성 평가시 EQ-5D를 이용하

여삶의질보정생존년수를계산할것을권고하고있다 (Longworth와 Rowen, 2013).

EQ-5D는 일반적인 건강상태를 측정하기 위해 EuroQoL 그룹에 의해 개발되었으며 (EuroQoL

group, 1990), 운동능력 (morbility), 자기관리 (self-care), 일상활동 (usual activities), 통증/불편

감 (pain/ discomfort), 불안/우울감 (anxiety/depression)의 5개 차원으로 구성되어 있으며 (Bang,

2016), 3가지 척도 (어려움 없음, 약간 어려움, 어려움 많음)로 응답하도록 구성이 되어 있는 도구이다.

EQ-5D의 건강상태에 대해서는 TTO (time trade off) 방법을 사용하여 각각의 선호점수를 산출할 수

있다 (Lee 등, 2009; Jo 등, 2008).
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이 논문은 2014학년도 안동대학교 학술연구조성사업에 의하여 연구되었음.
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만일 효용을 추정하기 위해 EQ-5D와 같은 건강 관련 삶의 질 자료가 필요한데 자료에서 조사되지 않

았을 경우, 건강 관련 삶의 질을 나타내는 다른 변수들을 이용하여 건강 관련 삶의 질을 추정하는 방법

을 사용한다 (Longworth와 Rowen, 2013). 이를 위해 최소제곱법을 이용한 선형회귀모형이 가장 일반

적으로 사용되는데, 선형회귀모형은 오차가 정규분포를 따르며 분산이 동일하다는 가정하에 수행될 수

있다. 하지만일반적으로건강관련삶의질자료는오차가정규분포를따르지않고치우친분포를보이

며, 등분산 가정을 만족하지 않는 경우가 대부분이다. 또한 건강 관련 삶의 질 자료는 범위가 정해져 있

는 자료이며, 완전한 건강상태를 나타내는 경우 최대값을 가지는 천장효과 (ceiling effect)가 있는 자료

이다. 따라서 선형회귀모형을 이용하여 건강 관련 삶의 질을 추정하는 방법은 부정확한 예측값을 추정

하거나예측변수의영향추정시바이어스가발생할가능성이있다고할수있다.

Austin (2002)은 Health Utilities Index Mark 3 도구를 이용하여 측정된 삶의 질 자료를 이용하여

선형회귀모형, Tobit 모형 (Tobin, 1958), 중도절단최소절대편차 (censored least absolute deviation,

CLAD) 모형 (Powell, 1984)의 예측 정확도를 비교했는데, CLAD 모형의 예측오차가 가장 작은 것으

로 나타났다. Huang 등 (2008)은 천장효과를 고려하여 EQ-5D를 추정하기 위해 선형회귀모형, CLAD

모형, Two-part 모형, 잠재계급 (latent class) 모형 등의 예측 정확도를 비교했는데, 잠재계급 모형과

로그변환한값을이용한 Two-part 모형의예측정확도가다른모형에비해다소높은것으로나타났다.

베타회귀분석은 최근 의학연구에서 범위가 정해져 있는 자료를 분석하기 위해 많이 이용되고 있는데,

특히 건강 관련 삶의 질 자료를 분석하기 위해 많이 이용되고 있다 (Conrado 등, 2014; Tutoglu 등,

2014; Gheorghe 등, 2015; Kent 등, 2015). Hunger 등 (2011)은 SF-6D 자료를 이용하여 선형회귀모

형과 베타회귀모형의 예측 정확도를 비교하였는데, 평균과 정밀도에 대한 하위모형을 가지고 있는 확장

된베타회귀모형의예측정확도가선형회귀모형보다다소높은것으로나타났다.

본 연구에서는 2013년도 한국의료패널 자료를 이용하여 18세 이상 성인에서 건강 관련 삶의 질을 나

타내는 변수들을 이용하여 선형회귀모형과 베타회귀모형을 이용하여 EQ-5D 예측모형을 개발하고, 모

형들의예측정확도를비교하고자한다.

2. 연구방법

2.1. 자료원

한국의료패널조사는 한국보건사회연구원과 국민건강보험공단 컨소시엄에서 보건의료이용실태와 의

료비 지출수준, 건강수준 및 건강행태 등에 관한 기초자료를 생산하기 위하여 2008년부터 매년 실시되

고 있다. 한국의료패널은 조사목적상 전국규모의 대표성을 유지하기 위해 2005년 인구주택총조사 90%

전수 자료를 추출 틀로 하고 있으며, 표본가구 선정은 1단계로 표본조사구 (집락)를 추출하고, 2단계

에서는 표본조사구 내 표본가구를 추출하는 방식으로, 2단계 확률비례 층화집락추출 방법을 통해 결정

하였다. 한국의료패널조사에서는 가구단위의 사회경제적 특성, 생활비 지출, 의약품 구매 및 개인단위

의 인구사회경제적 특성, 경제활동 및 소득, 건강수준, 의약품 복용 행태, 삶의 질, 일자리 등을 조사

하고 있다. 2013년에는 총 5,200가구가 조사되었으며, 가구원 14,823명에 대한 조사가 수행되었으며,

최근 한국의료패널조사 자료를 이용한 다양한 연구들이 수행되고 있다 (Jeong 등, 2016; Han과 Park,

2017).

본 연구에서는 EQ-5D를 예측하는 모형을 개발하기 위하여 2013년도 한국의료패널 가구원 중 18세

이상 성인들을 우선 선정하고, 반응변수와 설명변수들이 결측치가 있는 대상자를 제외한 후 10,513명의

대상자를선정하였다. EQ-5D는질병관리본부에서표준안으로제시하고있는 Lee 등 (2009)의질가중

치를고려하여계산하였으며, 예측모형의정확도를비교하기위한교차-검증방법을사용하기위하여전

체 대상자를 50%씩 임의로 나누어 모형개발 자료와 모형검증 자료를 생성하였다. 모형개발 자료와 모
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형검증 자료의 EQ-5D의 분포를 살펴 보면 완전한 건강상태를 나타내는 1인 값을 가지는 경우가 많은

왼쪽으로 꼬리가 긴 형태의 치우친 분포를 보이는 것을 알 수 있다 (Figure 2.1). 모형개발 자료의 경우

전체 5,256명중 3,291명 (62.6%)이 EQ-5D가 1인값을가지는것으로나타났으며, 모형검증자료의경

우전체 5,257명중 3,297명 (62.7%)이 EQ-5D가 1인값을가지는것으로나타났다.
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Figure 2.1 Distribution of EQ-5D

2.2. 베타회귀모형

일반적으로연속형반응변수에대한선형회귀모형은오차들이독립이며분산이동일한정규분포를따

른다고 가정한다. 만일 연속형 반응변수의 분포가 치우쳐 있고 이분산 (heteroskedasticity)이 있으며,

0과 1 사이의단위구간으로주어지는경우베타분포를이용한베타회귀모형을적용할수있다.

베타분포를따르는확률변수 Y에대한확률밀도함수는

f(y|a, b) = Γ(a+ b)

Γ(a)Γ(b)
ya−1(1− y)b−1, 0 < y < 1, (2.1)

와 같으며, 여기서 형태 모수는 a > 0, b > 0이고 Γ(·)은 감마함수를 나타낸다. 베타분포는 형태모수

에 따라 분포의 형태를 다양하게 나타낼 수 있는 확률분포로 평균 E(Y ) = a/(a + b), 분산 V ar(Y ) =

ab/
{
(a+ b)2(a+ b+ 1)

}
을가진다.

회귀분석에서는 일반적으로 평균에 대해 모형화를 하는 것이 더 유용하므로 (2.1)식에서 회귀모형의

구조를 평균과 정밀도로 나타내기 위해 µ = a/(a + b), ϕ = a + b로 두면, E(Y ) = µ, V ar(Y ) =

µ(1 − µ)/(1 + ϕ)이 되고, 베타분포 Y ∼ Beta(µϕ, (1 − µ)ϕ)의 확률밀도함수는 다음과 같이 된다

(Paolino, 2001).

f(y|µ, ϕ) = Γ(ϕ)

Γ(µϕ)Γ((1− µ)ϕ)
yµϕ−1(1− y)(1−µ)ϕ−1, 0 < y < 1. (2.2)

여기서 0 < µ < 1, ϕ > 0이며, ϕ는 분산의 역수의 함수로 정밀도를 나타내는 모수라고 할 수 있다. 만

일 반응변수의 범위가 (a, b)로 주어지는 경우 y′ = (y − a)/(b − a)와 같이 변환하여 (0, 1) 범위의 자료

로변환한후베타회귀모형을적용할수있다.
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y1, · · · , yn은 yi ∼ Beta(µiϕ, (1 − µi)ϕ)로 부터의 확률표본이라고 하자. 정밀도 모수 ϕ가 상수라고

가정할 경우 평균에 대한 베타회귀모형은 반응변수의 범위가 (0, 1)이므로 로짓 연결함수를 이용하여 다

음과같이정의할수있다 (Ferrari와 Cribari-Neto, 2004).

log
µi

1− µi
= xT

i β. (2.3)

여기서 β = (β0, β1, · · · , βk)와 xi는 평균에 대한 베타회귀모형의 회귀계수벡터와 설명변수들의 벡터를

나타낸다. 여기서 회귀계수는 최대우도법을 이용하여 추정할 수 있으며, 회귀계수는 오즈비와 같이 해

석할수있다.

Smithson과 Verkuilen (2006)는 이분산을 고려한 모형으로, 평균에 대한 하위모형과 정밀도에 대

한 하위모형을 가지는 확장된 베타회귀모형을 제안하였다. 이때 y1, · · · , yn은 yi ∼ Beta(µiϕi, (1 −
µi)ϕi)이며, 정밀도에대해서는로그연결함수를고려하였다.

log
µi

1− µi
= xT

i β, log ϕi = zTi γ. (2.4)

여기서 β = (β0, β1, · · · , βk)와 γ = (γ0, γ1, · · · , γk′)는 평균에 대한 하위모형과 정밀도에 대한 하위모

형의 회귀계수벡터를 나타내며, xi와 zi는 평균에 대한 하위모형과 정밀도에 대한 하위모형의 설명변수

들의 벡터를 나타낸다. 여기서 회귀계수는 최대우도법을 이용하여 추정할 수 있으며, 평균에 대한 하위

모형의회귀계수는오즈비와같이해석할수있다.

베타회귀모형은 반응변수가 (0, 1) 구간인 경우 적용 가능하므로, 0 또는 1의 반응변수값을 가지는 경

우 반응변수의 값을 다음과 같이 변환하여 (0, 1) 구간으로 변환하는 것이 필요하다 (Lui와 Eugenio,

2016).

y′′ = (y′(n− 1) + 0.5)/n. (2.5)

따라서 본 연구에서 반응변수로 사용한 EQ-5D는 이론적인 최소값이 -0.1771이며, 최대값이 1이므로

일차적으로 y′ = (y − a)/(b− a)를이용하여 [0, 1] 범위의자료로변환한후, 식 (2.5)를이용하여 (0, 1)

범위의 자료로 변환하였다. 따라서 모형개발 자료에서 완전한 건강상태를 나타내는 EQ-5D가 1인 값은

0.9999로변환되었다.

2.3. 예측모형 개발 및 정확도 비교

EQ-5D를 예측하는 모형의 설명변수로는 일반적으로 건강 관련 삶의 질에 영향을 미치는 변수로 알

려져 있는 성별, 연령, 교육수준, 소득수준, 의료보험종류, 고용상태, 체질량지수, 스트레스, 우울감, 주

관적 건강상태 및 만성질환여부를 고려하였다 (Lee와 Han, 2015; Song 등, 2015). 모형개발 자료와 모

형검증 자료에서 연속형 설명변수에 대해 평균, 표준편차를 구하고, 범주형 설명변수에 대해서는 빈도

와 백분율을 제시하였으며, 설명변수 수준에 따른 EQ-5D의 중위수와 분산을 비교하기 위하여 크루스

칼-왈리스검정및프리그너-킬른 (Fligner-Killen) 검정 (Conover 등, 1981)을실시하였다.

EQ-5D를 예측하는 모형으로 선형회귀모형을 적합하고, (2.3)식의 평균에 대한 베타회귀모형 및

(2.4)식의 평균과 정밀도에 대한 확장된 베타회귀모형을 적합하고, 3가지 모형에 대한 예측 정확도를 비

교하기 위하여 모형검증 자료를 이용하여 예측모형의 절대오차와 제곱오차의 비율을 나타내는 R1 계수

과 R2 계수를다음과같이계산하였다 (Huang 등, 2008; Hunger 등, 2011). 모든통계분석의유의성은

유의수준 0.05하에서판단하였다.

R1 = 1−
∑

|Y − Ŷ |∑
|Y − Ȳ |

, (2.6)
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R2 = 1−
∑

(Y − Ŷ )2∑
(Y − Ȳ )2

. (2.7)

여기서 Y는 관찰된 EQ-5D이며, Ŷ는 모형에 의해 추정된 EQ-5D, Ȳ는 관찰된 EQ-5D의 평균이

다. 모형검증 자료를 대상으로 1,000번의 붓스트랩 표본을 생성하여 R1 계수과 R2 계수를 구하고,

95% 백분위수 신뢰구간을 구하여 모형을 비교하였다. 본 연구에서는 베타회귀모형 적합을 위하여 R의

betareg 패키지를이용하였다 (Cribari-Neto와 Zeileis, 2010).

3. 연구결과

모형개발 자료 5,256명 중 남성이 2,378명 (45.24%), 여성이 2,878명 (54.76%)였으며, 연령 평균은

51.79 (표준편차=16.93)세로나타났다. 교육수준은초등학교졸업미만이 1,199명 (22.81%)였으며, 초

등학교 졸업부터 고등학교 졸업이 2,194명 (41.74%), 전문대학 이상이 1,863명 (35.45%)로 나타났으

며, 소득수준은 소득수준이 가장 낮은 제1오분위수 범위가 810명 (15.41%), 제2오분위수 범위가 992명

(18.87%), 제3오분위수 범위가 1,102명 (20.97%), 제4오분위수 범위가 1,162명 (22.64%), 소득 수준이

가장 높은 제5오분위수 범위가 1,190명 (22.64%)로 나타났다. 건강보험을 가지고 있는 사람은 5,050명

(96.08%), 의료급여 대상자는 206명 (3.92%)였으며, 일을 하고 있는 사람은 3,167명 (60.25%)로 나타

났다. 체질량지수 (body mass index)는저체중 (< 18.5)인경우가 289명 (5.50%), 정상 (18.5-22.9)인

경우가 2,352명 (44.75%),과체중 (23-24.9)인경우가 1,304명 (24.81%),비만 (≥ 25)인경우가 1,311명

(24.94%)로나타났다. 정신적, 신체적스트레스를전혀받지않는대상자는 2,320명 (44.14%), 가끔스

트레스를 받는 대상자는 1,919명 (36.51%), 자주 스트레스를 받는 대상자는 1,217명 (23.15%)였으며,

우울감을 전혀 느끼지 않는 대상자는 4,833명 (91.95%), 우울감을 느끼는 대상자는 423명 (8.05%)로

나타났다. 본인이 느끼는 건강상태 점수는 평균이 69.43 (표준편차=16.06)으로 나타났으며, 골관절

염을 가지고 있는 대상자는 788명 (14.99%), 당뇨병을 가지고 있는 대상자는 476명 (9.06%), 암환자

는 190명 (3.61%), 고혈압을 가지고 있는 대상자는 1,276명 (24.28%), 심장병을 가진 대상자는 181명

(3.44%), 뇌혈관질환을 가진 대상자는 155명 (2.95%), 신장병을 가진 대상자는 21명 (0.40%)로 나타났

다. 모형검증자료의대상자들의기저특성도모형개발자료의대상자와유사하게나타났다 (Table 3.1).

공변량의 수준에 따른 EQ-5D의 평균과 분산을 살펴 보면, 여성의 경우 남성 보다 EQ-5D의 평균이

낮으나 분산은 큰 것으로 나타났으며, 연령대가 높아 질수록 EQ-5D의 평균은 낮아지며, 분산은 증가

하는 것으로 나타났다. 교육 수준이 높을 수록 EQ-5D의 평균이 높아지며, 분산이 감소하는 것으로 나

타났으며, 소득 수준이 높을 수록 EQ-5D의 평균이 높아지고, 분산도 감소하는 것으로 나타났다. 의료

보장 형태에 따라 살펴 보면, 건강보험 대상자에 비해 의료급여 대상자의 EQ-5D의 평균이 낮고 분산

이 큰 것으로 나타났으며, 일을 하고 있는 사람이 EQ-5D의 평균이 높고 분산도 작은 것으로 나타났다.

체질량 지수의 경우 정상인 대상자들의 EQ-5D의 평균이 가장 높고 분산도 가장 작은 것으로 나타났으

며, 스트레스가 많을 수록 EQ-5D의 평균이 낮고 분산이 커지는 경향이 있었으며, 우울감이 있을 경우

EQ-5D의 평균이 낮고 분산이 큰 것으로 나타났다. 건강상태가 좋다고 느낄 수록 EQ-5D의 평균이 커

지고 분산이 작은 경향이 있었으며, 골관절염, 당뇨병, 암, 고혈압, 심장병, 뇌혈관 질환, 신장병이 있는

대상자들이전반적으로 EQ-5D의평균이낮고분산이큰것으로나타났다 (Table 3.2, Figure 3.1).

Table 3.3에서 선형회귀모형과 베타회귀모형의 추정된 회귀계수를 살펴 보면, 교육수준이 높거나 소

득이 많거나 본인이 건강하다고 느낄 수록 EQ-5D의 평균이 통계적으로 유의하게 증가하는 것으로 나

타났으며, 연령이 높아지고 의료급여 대상자이거나 일을 하지 않거나 스트레스 또는 우울감이 있거나

골관절염, 뇌혈관질환, 신장병이 있는 경우 EQ-5D의 평균이 통계적으로 유의하게 감소하는 것으로 나
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Table 3.1 Baseline characteristics

Variables
Total (N=10,513) Modeling set (N=5,256) Validation set (N=5,257)

n % n % n %
Gender

Male 4,738 45.07% 2,378 45.24% 2,360 44.89%
Female 5,775 54.93% 2,878 54.76% 2,897 55.11%

Age (years), mean±SD 52±16.67 51.79±16.93 51.31±17.02
Education level

Less than elementary school 2,286 21.74% 1,199 22.81% 1,087 20.68%
High school 4,500 42.80% 2,194 41.74% 2,306 43.87%
Greater than college 3,727 35.45% 1,863 35.45% 1,864 35.46%

Income level
Q1 (poorest) 1,592 15.14% 810 15.41% 782 14.88%
Q2 1,967 18.71% 992 18.87% 975 18.55%
Q3 2,246 21.36% 1,102 20.97% 1,144 21.76%
Q4 2,326 22.12% 1,162 22.11% 1,164 22.14%
Q5 (richest) 2,382 22.66% 1,190 22.64% 1,192 22.67%

Type of medical insurance
National health insurance 10,108 96.15% 5,050 96.08% 5,058 96.21%
Medical aid beneficiaries 405 3.85% 206 3.92% 199 3.79%

Employment status
Working 6,318 60.10% 3,167 60.25% 3,151 59.94%
Not working 4,195 39.90% 2,089 39.75% 2,106 40.06%

Boby mass index
< 18.5 553 5.26% 289 5.50% 264 5.02%
18.5-22.9 4,724 44.93% 2,352 44.75% 2,372 45.12%
23-24.9 2,597 24.70% 1,304 24.81% 1,293 24.60%
≥ 25 2,639 25.10% 1,311 24.94% 1,328 25.26%

Stress
None 4,676 44.48% 2,320 44.14% 2,356 44.82%
Sometimes 3,444 32.76% 1,919 36.51% 1,725 32.81%
More than often 2,393 22.76% 1,217 23.15% 1,176 22.37%

Depression
Not feel 9,664 91.92% 4,833 91.95% 4,831 91.90%
Feel 849 8.08% 423 8.05% 426 8.10%

Health status (0-100), mean±SD 70±16.01 69.43±16.06 70.17±15.95
Osteoarthritis 1,531 14.56% 788 14.99% 743 14.13%
Diabetes 970 9.23% 476 9.06% 494 9.40%
Cancer 376 3.58% 190 3.61% 186 3.54%
Hypertension 2,529 24.06% 1,276 24.28% 1,253 23.83%
Heart disease 342 3.25% 181 3.44% 161 3.06%
Cerebrovascular disease 323 3.07% 155 2.95% 168 3.20%
Renal disease 45 0.43% 21 0.40% 24 0.46%

타났다. 평균에 대한 베타회귀모형과 확장된 베타회귀모형의 평균에 대한 하위모형의 회귀계수를 살펴

보면, 두 모형에서 모두 연령이 증가하거나 일을 하지 않거나 스트레스 또는 우울감이 있을 수록 EQ-

5D의 평균이 유의하게 감소하는 것으로 나타났으나, 확장된 베타회귀모형에서의 회귀계수의 크기가 더

크게 추정되는 경향이 있었다. 또한 교육수준이 높거나 소득이 많거나 본인이 건강하다고 느낄 수록

EQ-5D의 평균이 통계적으로 유의하게 증가하는 것으로 나타났으나, 확장된 베타회귀모형에서의 회귀

계수의 크기가 더 크게 추정되는 경향이 있었다. 베타회귀모형에서 암환자의 경우 회귀계수가 통계적으

로 유의하지 않았으나 확장된 베타회귀모형의 평균 하위모형에서는 암환자일수록 EQ-5D가 통계적으로

유의하게감소하는것으로나타났으며, 골관절염이있을경우 EQ-5D의평균이통계적으로유의하게많

이감소하는것으로나타났다.

따라서 확장된 베타회귀모형의 평균 하위모형에 따라 연령이 0.1세 증가할수록 EQ-5D의 평균은

exp(-0.200)=0.819배 증가하며, 초등학교 졸업 미만에 비해 고등학교 졸업인 경우 1.314배, 전문대학

이상인 경우 1.498배 증가하며, 일을 하는 경우에 비해 일을 하지 않는 경우 0.867배 증가하며, 스트

레스를 전혀 받지 않는 경우에 비해 가끔 스트레스를 받는 경우 0.708배, 자주 스트레스를 받는 경우

0.543배증가하는것으로나타났다. 또한우울감을느끼는경우우울감을느끼지않는경우에비해 EQ-
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Table 3.2 Empirical means and variances of the EQ-5D in differenct covariates subgroup in modeling set

Variables Means P-value of Variance P-value of
Kruskal-Wallis test Fligner-Killeen Test

Gender <0.001 <0.001
Male 0.954 0.009
Female 0.927 0.012

Age (years) <0.001 <0.001
18-39 0.978 0.004
40-49 0.969 0.005
50-59 0.949 0.007
60-69 0.918 0.013
≥ 70 0.863 0.020

Education level <0.001 <0.001
Less than elementary school 0.871 0.019
High school 0.949 0.009
Greater than college 0.972 0.005

Income level <0.001 <0.001
Q1 (poorest) 0.873 0.021
Q2 0.926 0.012
Q3 0.948 0.008
Q4 0.959 0.006
Q5 (richest) 0.968 0.006

Type of medical insurance <0.001 <0.001
National health insurance 0.943 0.010
Medical aid beneficiaries 0.839 0.025

Employment status <0.001 <0.001
Working 0.956 0.006
Not working 0.914 0.017

Boby mass index 0.007 0.002
< 18.5 0.919 0.020
18.5-22.9 0.944 0.010
23-24.9 0.935 0.011
≥ 25 0.939 0.011

Stress <0.001 <0.001
None 0.959 0.008
Sometimes 0.945 0.008
More than often 0.893 0.019

Depression <0.001 <0.001
Not feel 0.946 0.009
Feel 0.857 0.023

Health status <0.001 <0.001
0-50 0.860 0.025
51-70 0.936 0.009
71-80 0.972 0.003
80-100 0.979 0.004

Osteoarthritis <0.001 <0.001
No 0.955 0.008
Yes 0.851 0.021

Diabetes <0.001 <0.001
No 0.946 0.009
Yes 0.875 0.024

Cancer <0.001 <0.001
No 0.941 0.010
Yes 0.892 0.024

Hypertension <0.001 <0.001
No 0.954 0.008
Yes 0.893 0.016

Heart disease <0.001 <0.001
No 0.942 0.010
Yes 0.868 0.021

Cerebrovascular disease <0.001 <0.001
No 0.942 0.010
Yes 0.836 0.036

Renal disease <0.001 <0.001
No 0.940 0.011
Yes 0.801 0.043

5D의 평균은 0.629배 증가하며, 본인이 느끼는 건강상태 점수가 0.01점 증가할수록 10.67배 증가하며,

골관절염이 있는 경우 0.696배, 암환자인 경우 0.744배 증가하는 것으로 나타났다. 확장된 베타회귀

모형에서 정밀도 하위모형을 살펴 보면 연령이 증가하거나 스트레스가 증가하거나 암환자인 경우 EQ-

5D의 정밀도가 통계적으로 유의하게 감소하는 것으로 나타났으며, 교육수준이 높거나 본인이 건강하다

고느낄수록 EQ-5D의정밀도가통계적으로유의하게증가하는것으로나타났다 (Table 3.3).
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Figure 3.1 Distribution of the EQ-5D in differenct covariates subgroup in modeling set

선형회귀모형과 베타회귀모형, 확장된 베타회귀모형의 예측 정확도를 비교해 보면, 베타회귀모형이

세 모형 중 정확도가 가장 낮으며, 평균과 정밀도에 대한 하위모형을 가지고 있는 확장된 베타회귀모형

이 R1 계수와 R2 계수가가장높은것으로나타났다 (Table 3.4).

4. 결론 및 고찰

본 연구에서는 건강 관련 삶의 질 자료인 EQ-5D에 대한 예측모형을 개발하는 방법으로 선형회귀모

형과 베타회귀모형, 그리고 평균과 정밀도에 대한 하위모형을 가지고 있는 확장된 베타회귀모형을 비교

하였다. 건강관련삶의질자료는일반적으로범위가제한되어있으며왼쪽으로꼬리가긴형태의치우

친 분포로 완전한 건강상태를 나타내는 1인 값을 가지는 경우가 많다. 선형회귀모형에 비해 확장된 베

타회귀모형의 R1 계수와 R2 계수가 높기는 하지만 신뢰구간이 겹치고 있기 때문에 확장된 베타회귀모

형의 정확도가 더 높다고 할 수는 없다. 하지만 선형회귀모형은 공변량에 따라 분산이 달라지는 부분을

설명할 수 없으며, 확장된 베타회귀모형은 선형회귀모형에 비해 빈도가 낮은 EQ-5D가 낮은 부분을 좀

더잘예측하는것으로나타났으며, 선형회귀모형이제한된범위를벗어난값을예측하는부분을개선할

수있다. 이는 Hunger 등 (2011)이 SF-6D 자료를이용하여선형회귀모형과베타회귀모형의예측정확

도를 비교한 결과와 유사하다. 따라서 범위가 제한되고 이분산이 있는 치우친 자료에 대해 공변량들이

평균 및 정밀도에 영향을 주는 정도를 동시에 고려하는 확장된 베타회귀모형은 건강 관련 삶의 질 자료

인 EQ-5D를분석하는방법으로적절하다고할수있다.
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Table 3.3 Parameter estimates of regression model

Variables
Linear regression Beta regression Extended beta regressiion

Mean submodel Precision submodel

Estimate SE P-value Estimate SE P-value Estimate SE P-value Estimate SE P-value

Intercept 0.885 0.010 <0.001 2.802 0.123 <0.001 2.934 0.218 <0.001 1.696 0.239 <0.001

Gender

Male Ref. Ref. Ref. Ref.

Female -0.004 0.003 0.145 -0.077 0.030 0.011 -0.103 0.057 0.073 -0.031 0.063 0.620

Age/10 (years) -0.009 0.001 <0.001 -0.086 0.012 <0.001 -0.200 0.024 <0.001 -0.147 0.026 <0.001

Education level

Less than elementary school Ref. Ref. Ref. Ref.

High school 0.024 0.004 <0.001 0.232 0.042 <0.001 0.273 0.072 <0.001 0.066 0.079 0.403

Greater than college 0.020 0.004 <0.001 0.190 0.053 <0.001 0.404 0.095 <0.001 0.254 0.105 0.015

Income level

Q1 (poorest) Ref. Ref. Ref. Ref.

Q2 0.009 0.004 0.033 0.035 0.049 0.476 0.080 0.082 0.330 0.076 0.090 0.400

Q3 0.014 0.004 0.001 0.088 0.051 0.088 0.133 0.088 0.129 0.080 0.097 0.407

Q4 0.012 0.004 0.007 0.078 0.052 0.135 0.130 0.092 0.156 0.088 0.101 0.382

Q5 (richest) 0.013 0.005 0.003 0.119 0.053 0.026 0.201 0.096 0.036 0.120 0.105 0.254

Type of medical insurance

National health insurance Ref. Ref. Ref. Ref.

Medical aid beneficiaries -0.031 0.006 <0.001 -0.218 0.074 0.003 -0.201 0.110 0.068 -0.011 0.123 0.931

Employment status

Working Ref. Ref. Ref. Ref.

Not working -0.013 0.003 <0.001 -0.071 0.031 0.021 -0.143 0.056 0.011 -0.112 0.062 0.069

Boby mass index

< 18.5 -0.011 0.005 0.044 -0.028 0.062 0.656 -0.104 0.112 0.354 -0.140 0.122 0.249

18.5-22.9 Ref. Ref. Ref. Ref.

23-24.9 -0.002 0.003 0.590 -0.033 0.035 0.341 -0.071 0.064 0.263 -0.047 0.070 0.500

≥ 25 0.003 0.003 0.264 0.037 0.035 0.293 0.009 0.065 0.894 -0.034 0.072 0.632

Stress

None Ref. Ref. Ref. Ref.

Sometimes -0.012 0.003 <0.001 -0.188 0.032 <0.001 -0.345 0.063 <0.001 -0.209 0.069 0.002

More than often -0.035 0.003 <0.001 -0.417 0.038 <0.001 -0.611 0.067 <0.001 -0.285 0.074 <0.001

Depression

Not feel Ref. Ref. Ref. Ref.

Feel -0.040 0.005 <0.001 -0.382 0.052 <0.001 -0.464 0.079 <0.001 -0.122 0.089 0.172

Health status/100 0.155 0.008 <0.001 1.207 0.094 <0.001 2.370 0.160 <0.001 1.625 0.174 <0.001

Osteoarthritis -0.044 0.004 <0.001 -0.438 0.045 <0.001 -0.363 0.071 <0.001 0.019 0.079 0.805

Diabetes -0.015 0.004 0.001 -0.078 0.051 0.127 -0.156 0.082 0.059 -0.131 0.090 0.148

Cancer -0.011 0.006 0.071 0.003 0.074 0.967 -0.296 0.126 0.019 -0.396 0.134 0.003

Hypertension -0.002 0.003 0.535 -0.042 0.039 0.284 -0.020 0.066 0.766 0.032 0.073 0.664

Heart disease -0.007 0.007 0.292 -0.009 0.076 0.909 -0.037 0.119 0.754 -0.021 0.132 0.871

Cerebrovascular disease -0.042 0.007 < 0.001 -0.243 0.081 0.003 -0.237 0.125 0.057 -0.131 0.136 0.335

Renal disease -0.064 0.019 0.001 -0.674 0.204 0.001 -0.396 0.261 0.128 0.330 0.324 0.310

Table 3.4 Predictive accuracy

Statistical models R1 (95% CI) R2 (95% CI)

Linear regression 0.291 (0.275, 0.307) 0.359 (0.331, 0.386)

Beta regression (Mean model) 0.225 (0.212, 0.237) 0.320 (0.291, 0.347)

Extended beta regression (Mean + precision model) 0.308 (0.291, 0.324) 0.386 (0.344, 0.426)
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Abstract

The health-related quality of life data are commonly skewed and bounded with

spike at the perfect health status, and the variance tended to be heteroscedastic. In

this study, we have developed a prediction model for EQ-5D using linear regression

model, beta regression model, and extended beta regression model with mean and

precision submodel, and also compared the predictive accuracy. The extended beta

regression model allows to model skewness and differences in dispersion related to co-

variates. Although the extended beta regression model has higher prediction accuracy

than the linear regression model, the overlapped confidence intervals suggested that the

extended beta regression model was superior to the linear regression model. However,

the expended beta regression model could explain the heteroscedasticity and predict

within the bounded range. Therefore, the expended beta regression model are appro-

priate for fitting the health-related quality of life data such as EQ-5D.

Keywords: Beta regression, health-related quality of life, heteroskedasticity, Korea

health panel survey.
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