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∫∑§—¥¬àÕ °“√«‘®—¬§√—Èßπ’È¡’®ÿ¥ª√– ß§å‡æ◊ËÕÀ“ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§¡“≈“‡√’¬„πª√–‡∑»‰∑¬¥â«¬μ—«·∫∫∑“ß

 ∂‘μ‘∑’Ë‡À¡“– ¡ ‚¥¬»÷°…“μ—«·∫∫ Generalized Estimating Equation (GEE) ·≈– Generalized Linear Mixed

Model (GLMM) ∑’Ëμ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Poisson ‡ª√’¬∫‡∑’¬∫°—∫·∫∫ Negative Binomial ¢âÕ¡Ÿ≈

∑’Ë„™â»÷°…“‡ªìπ¢âÕ¡Ÿ≈∑ÿμ‘¬¿Ÿ¡‘ √–¥—∫®—ßÀ«—¥ ªï 2550 ‰¥â®“°À≈“¬Àπà«¬ß“π μ—«·ª√μ“¡§◊Õ®”π«πºŸâªÉ«¬‚√§

¡“≈“‡√’¬√“¬‡¥◊Õπ μ—«·ª√μâπ§◊Õ ¿“§ ™“¬·¥π ƒ¥Ÿ°“≈ æ◊Èπ∑’ËªÉ“‰¡â ª√‘¡“≥Ωπ Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ ·≈–√“¬‰¥â

‡©≈’Ë¬μàÕÀ—« °“√§—¥‡≈◊Õ°μ—«·∫∫∑’Ë‡À¡“– ¡æ‘®“√≥“®“°§à“ ∂‘μ‘ mean deviance (°√≥’¢Õß GEE) ·≈– mean

generalized chi-square (°√≥’¢Õß GLMM ) º≈°“√«‘®—¬æ∫«à“ ∑—Èßμ—«·∫∫ GEE ·≈– GLMM ∑’Ëμ—«·ª√μ“¡

¡’°“√·®°·®ß·∫∫ Negative Binomial ¡’§«“¡‡À¡“– ¡°«à“·∫∫ Poisson ‡¡◊ËÕæ‘®“√≥“„π≈—°…≥–¿“æ

√«¡∑—Èßª√–‡∑»®“°μ—«·∫∫ GEE æ∫«à“ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫Õ—μ√“°“√ªÉ«¬‚√§¡“≈“‡√’¬ Õ¬à“ß¡’π—¬ ”§—≠

∑“ß ∂‘μ‘∑’Ë√–¥—∫ 0.05 ‰¥â·°à ¿“§ (μ–«—πÕÕ° ·≈–„μâ) ™“¬·¥π (μ‘¥°—∫æ¡à“ μ‘¥°—∫¡“‡≈‡´’¬ μ‘¥°—∫°—¡æŸ™“

·≈–μ‘¥°—∫≈“«) ƒ¥Ÿ°“≈ (æ.§.-°.§. æ.¬.-¡.§. ·≈–  .§.-μ.§.) Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ ·≈–ª√‘¡“≥Ωπ ·μà‡¡◊ËÕ

æ‘®“√≥“„π≈—°…≥–√“¬®—ßÀ«—¥®“°μ—«·∫∫ GLMM æ∫«à“ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫Õ—μ√“°“√ªÉ«¬‚√§¡“≈“‡√’¬

‰¥â·°à ¿“§ (μ–«—πÕÕ° „μâ ·≈–Õ’ “π) ™“¬·¥π (μ‘¥°—∫æ¡à“ μ‘¥°—∫¡“‡≈‡´’¬ ·≈–μ‘¥°—∫°—¡æŸ™“) ·≈–ƒ¥Ÿ°“≈

(æ.§.-°.§. ·≈–æ.¬.-¡.§.)

§” ”§—≠: ¡“≈“‡√’¬, Generalized Estimating Equation (GEE), Generalized Linear Mixed Model (GLMM),

Poisson, Negative Binomial

ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§¡“≈“‡√’¬„πª√–‡∑»‰∑¬
‚¥¬„™âμ—«·∫∫ Generalized Estimating

Equation (GEE) ·≈– Generalized Linear
Mixed Model (GLMM)

°ƒ…Æ“  ‡À≈Á°¥’

≈’Ë≈’  Õ‘ß»√’ «à“ß

¿“§«‘™“ ∂‘μ‘ §≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å

∫∑π”

Õß§å°“√Õπ“¡—¬‚√§ (WHO)(1) √“¬ß“π«à“ª√–¡“≥

√âÕ¬≈– 40 ¢Õßª√–™“°√‚≈°‚¥¬‡©æ“–ª√–™“°√„π

ª√–‡∑»¬“°®π¡’§«“¡‡ ’Ë¬ßμàÕ°“√‡ªìπ‚√§¡“≈“‡√’¬ Ÿß

„π·μà≈–ªï¡’ª√–™“°√‚≈°¡“°°«à“ 500 ≈â“π§π∑’ËªÉ«¬

‡ªìπ¡“≈“‡√’¬¢—Èπ√ÿπ·√ß ª√–™“°√∑’ËªÉ«¬·≈–‡ ’¬™’«‘μ

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢
ªï∑’Ë Ò˘ ©∫—∫∑’Ë Û æƒ…¿“§¡ - ¡‘∂ÿπ“¬π ÚııÛ
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ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§¡“≈“‡√’¬„πª√–‡∑»‰∑¬‚¥¬„™âμ—«·∫∫ Generalized Estimating Equation (GEE) ·≈– Generalized Linear Mixed Model (GLMM)

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢ ÚııÛ ªï∑’Ë Ò˘ ©∫—∫∑’Ë Û

 à«π„À≠àÕ¬Ÿà „π∑«’ª·Õø√‘°“  ∫√‘‡«≥°÷Ëß∑–‡≈∑√“¬

 –Œ“√“ Õ¬à“ß‰√°Áμ“¡æ∫«à“¡’°“√μ‘¥‡™◊ÈÕ¡“≈“‡√’¬∑—Èß

„π∑«’ª‡Õ‡™’¬ ≈“μ‘πÕ‡¡√‘°“ μ–«—πÕÕ°°≈“ß ·≈–∫“ß

 à«π¢Õß¬ÿ‚√ª  ”À√—∫ª√–‡∑»‰∑¬ ¡“≈“‡√’¬¬—ß§ß‡ªìπ

ªí≠À“ “∏“√≥ ÿ¢∑’Ë ”§—≠  ”π—°√–∫“¥«‘∑¬“(2)  √ÿª

 ∂“π°“√≥å¡“≈“‡√’¬„πª√–‡∑»‰∑¬«à“ μ—Èß·μà æ.». 2546

- 2550 Õ—μ√“°“√ªÉ«¬‡æ‘Ë¡¢÷Èπ‡©≈’Ë¬ªï≈– 5.91 μàÕ

ª√–™“°√· π§π ·À≈àß¢Õß‡™◊ÈÕ¡“≈“‡√’¬Õ¬Ÿà∫√‘‡«≥ªÉ“

‡¢“ ™“¬·¥π¢Õßª√–‡∑» ‚¥¬‡©æ“–∫√‘‡«≥™“¬·¥π

‰∑¬-æ¡à“ ·≈–‰∑¬-°—¡æŸ™“ æ∫ºŸâªÉ«¬‰¥âμ≈Õ¥∑—Èßªï ·μà

®–æ∫¡“°„π™à«ßƒ¥ŸΩπ

¡’°“√»÷°…“‡°’Ë¬«°—∫ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§

¡“≈“‡√’¬Õ¬à“ß·æ√àÀ≈“¬ μ—«Õ¬à“ß‡™àπ Yeshiwondim

·≈–§≥–(3) »÷°…“Õÿ∫—μ‘°“√¢Õß‚√§¡“≈“‡√’¬„π 543

À¡Ÿà∫â“π „π‡¡◊Õß East Shoa ª√–‡∑»‡Õ∏‘‚Õ‡ªï¬ ‚¥¬

„™âμ—«·∫∫ Poisson regression æ∫«à“ ‡æ» ·≈–Õ“¬ÿ

¡’§«“¡ —¡æ—π∏å°—∫Õÿ∫—μ‘°“√¢Õß‚√§¡“≈“‡√’¬ Tian ·≈–

§≥–(4) »÷°…“º≈°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß

 ¿“æÕ“°“»μàÕ°“√·æ√à‡™◊ÈÕ‚√§¡“≈“‡√’¬„π‡¢μæ◊Èπ∑’Ë

ªÉ“¢Õß‡¡◊Õß Mengla ´÷ËßÕ¬ŸàΩíòßμ–«—πμ°‡©’¬ß„μâ¢Õß

ª√–‡∑»®’π ‚¥¬„™âμ—«·∫∫ ARIMA æ∫«à“§«“¡∂’Ë¢Õß

«—π∑’Ë¡’À¡Õ°∑÷∫¡’§«“¡ —¡æ—π∏å Ÿß°—∫Õÿ∫—μ‘°“√¢Õß‚√§

¡“≈“‡√’¬„πæ◊Èπ∑’ËªÉ“Àπ“∑÷∫‡¢μ√âÕπ¡’Ωπμ°¡“° √—»¡’

»√’™◊Ëπ(5) »÷°…“ªí®®—¬‡ ’Ë¬ß¢Õß°“√μ‘¥‡™◊ÈÕ¡“≈“‡√’¬„π

æ◊Èπ∑’Ë™“¬·¥πμ‘¥°—∫æ¡à“∑’Ë®—ßÀ«—¥√–πÕß ‚¥¬„™âμ—«·∫∫

Logist ic regression æ∫«à“ Õ“™’æ ∫ÿ§§≈„π

§√Õ∫§√—«∑’Ë¡’ª√–«—μ‘μ‘¥‡™◊ÈÕ¡“≈“‡√’¬ °“√æ—°·√¡„πªÉ“

·≈– ∂“π∑’Ë∑”ß“πÕ¬Ÿà„°≈â·À≈àßπÈ” ¡’§«“¡ —¡æ—π∏å°—∫

°“√μ‘¥‡™◊ÈÕ¡“≈“‡√’¬ ∂÷ß·¡â«à“¡’°“√»÷°…“‡°’Ë¬«°—∫ªí®®—¬

‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§¡“≈“‡√’¬°—πÕ¬à“ß°«â“ß¢«“ß ·μà

°“√„™âμ—«·∫∫°—∫¢âÕ¡Ÿ≈¡“≈“‡√’¬∑’Ë¡’°“√«—¥´È”¬—ßÕ¬Ÿà„π

«ß®”°—¥ μ—«·∫∫∑“ß ∂‘μ‘ ”À√—∫¢âÕ¡Ÿ≈∑’Ë¡’°“√«—¥´È”∑’Ë

¡’°“√π”‰ªª√–¬ÿ°μå„™â°—π¡“°§◊Õ μ—«·∫∫ Generalized

Estimating Equations (GEE) ·≈– Generalized

Linear Mixed Model (GLMM)

μ—«·∫∫ GEE π”‡ πÕ‚¥¬ Liang ·≈– Zeger(6)

‡ªìπμ—«·∫∫∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√μâπ∑’Ë¡’

‰¥â¡“°°«à“ 1 μ—«°—∫μ—«·ª√μ“¡  ‚¥¬‰¡à¡’¢âÕ ¡¡μ‘

(assumption) «à“ ¢âÕ¡Ÿ≈¢Õßμ—«·ª√μ“¡μâÕß‡ªìπÕ‘ √–

°—π π—Ëπ§◊Õ¬Õ¡„Àâ¢âÕ¡Ÿ≈¢Õßμ—«·ª√μ“¡¡’§«“¡ —¡æ—π∏å°—π

´÷Ëß‡°‘¥¢÷Èπ‰¥â‡¡◊ËÕ¡’°“√‡°Á∫¢âÕ¡Ÿ≈´È”„πÀπà«¬μ—«Õ¬à“ß

‡¥’¬«°—π μ—«·ª√μ“¡‡ªìπ‰¥â∑—Èß·∫∫μàÕ‡π◊ËÕß·≈–‰¡àμàÕ

‡π◊ËÕß √Ÿª·∫∫§«“¡ —¡æ—π∏å¢Õß¢âÕ¡Ÿ≈„πÀπà«¬μ—«Õ¬à“ß

‡¥’¬«°—π∑’Ë‡°‘¥®“°°“√«—¥´È”¡’À≈“¬√Ÿª·∫∫ ‰¥â·°à inde-

pendent, exchangeable, autoregressive ·≈– un-

structured  ”À√—∫‚§√ß √â“ß·∫∫ independent  ¡¡ÿμ‘

„Àâ§«“¡ —¡æ—π∏å√–À«à“ß§à“¢Õß¢âÕ¡Ÿ≈«—¥´È”¡’§à“‡ªìπ»Ÿπ¬å

exchangeable °”Àπ¥„Àâ §«“¡ —¡æ—π∏å√–À«à“ß§à“«—¥

´È”¡’§à“§ß∑’Ë autoregressive °”Àπ¥„Àâ§«“¡ —¡æ—π∏å

√–À«à“ß§à“«—¥´È”¡’§à“≈¥≈ß‡¡◊ËÕ‡«≈“¡“°¢÷Èπ   à«π un-

structured  ¡¡μ‘„Àâ§«“¡ —¡æ—π∏å¢Õß¢âÕ¡Ÿ≈·μà≈–§Ÿà

‰¡à¡’√Ÿª·∫∫(7)  ¡°“√· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß

μ—«·ª√μâπ°—∫μ—«·ª√μ“¡¢Õß·μà≈–Àπà«¬μ—«Õ¬à“ß¡’§à“

 —¡ª√– ‘∑∏‘Ï°“√∂¥∂Õ¬‡∑à“°—π ‡ªìπ°“√Õ∏‘∫“¬¢π“¥

Õ‘∑∏‘æ≈¢Õßªí®®—¬„π≈—°…≥–¿“æ√«¡¢Õßª√–™“°√ ®÷ß

®—¥μ—«·∫∫π’ÈÕ¬Ÿà„πª√–‡¿∑ population-averaged model

 ”À√—∫μ—«·∫∫ Generalized Linear Mixed Model

(GLMM) ‡ªìπμ—«·∫∫∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß

μ—«·ª√μâπ∑’Ë¡’‰¥â¡“°°«à“ 1 μ—«°—∫μ—«·ª√μ“¡ ·≈–

¬Õ¡„Àâ¢âÕ¡Ÿ≈¢Õßμ—«·ª√μ“¡¡’§«“¡ —¡æ—π∏å°—π‰¥â „™â

«‘‡§√“–Àå¢âÕ¡Ÿ≈∑’Ë¡’°“√«—¥´È”‡™àπ‡¥’¬«°—π°—∫μ—«·∫∫ GEE

μà“ß°—π∑’Ë¡’‡∑Õ¡∑’Ë‡ªìπÕ‘∑∏‘æ≈ ÿà¡ (random effect) Õ¬Ÿà

„πμ—«·∫∫¥â«¬ ∑”„Àâ§à“ —¡ª√– ‘∑∏‘Ï°“√∂¥∂Õ¬„π

 ¡°“√¢Õß·μà≈–Àπà«¬μ—«Õ¬à“ß·μ°μà“ß°—π ‡ªìπ°“√

Õ∏‘∫“¬¢π“¥Õ‘∑∏‘æ≈¢Õßªí®®—¬„π≈—°…≥–‡©æ“–μ—«¢Õß

·μà≈–Àπà«¬μ—«Õ¬à“ß ®÷ß®—¥μ—«·∫∫π’ÈÕ¬Ÿà „πª√–‡¿∑

subject-specific model ∑—Èßμ—«·∫∫ GEE ·≈– GLMM

‡¡◊ËÕμ—«·ª√μ“¡¡’§à“‡ªìπ®”π«ππ—∫¡—°®–∂Ÿ° ¡¡ÿμ‘„Àâ¡’

°“√·®°·®ß·∫∫ Poisson ·μà„π°“√»÷°…“®”π«π¡“°

æ∫«à“¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√π—∫¡—°®–¡’§à“§«“¡·ª√ª√«π

Ûˆı
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¡“°°«à“§à“‡©≈’Ë¬ ‡√’¬°«à“‡°‘¥ over dispersion ·°âªí≠À“

‰¥â‚¥¬°“√„™â·®°·®ß·∫∫ Negative Binomial ·∑π

°“√·®°·®ß·∫∫ Poisson ®–∑”„Àâ ‰¥âμ—«ª√–¡“≥ ∑’Ë¡’

ª√– ‘∑∏‘¿“æ¡“°°«à“(8) „π°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈®÷ß§«√

æ‘®“√≥“ªí≠À“ over dispersion ¥â«¬

„πª√–‡∑»‰∑¬¬—ß‰¡à¡’°“√„™âμ—«·∫∫∑“ß ∂‘μ‘°—∫

¢âÕ¡Ÿ≈¡“≈“‡√’¬∑’Ë¡’°“√«—¥´È”¡“°àÕπ ¥—ßπ—ÈπºŸâ«‘®—¬®÷ß

 π„®∑’Ë®–»÷°…“ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§¡“≈“‡√’¬ ‚¥¬

„™âμ—«·∫∫∑’Ë‡À¡“– ¡°—∫¢âÕ¡Ÿ≈®”π«πºŸâªÉ«¬‚√§¡“≈“‡√’¬

√“¬‡¥◊Õπ¢Õß·μà≈–®—ßÀ«—¥ ¢Õß ”π—°√–∫“¥«‘∑¬“ªï

2550 ÷́Ëß‡ªìπ¢âÕ¡Ÿ≈∑’Ë¡’°“√«—¥´È” μ—«·∫∫∑’Ëæ‘®“√≥“§◊Õ

μ—«·∫∫ GEE ·≈– GLMM ∑’Ëμ—«·ª√μ“¡¡’°“√

·®°·®ß·∫∫ Poisson ‡ª√’¬∫‡∑’¬∫°—∫·∫∫ Negative

Binomial º≈∑’Ë‰¥â¡’ª√–‚¬™πå ”À√—∫°“√«“ß·ºπªÑÕß°—π

·≈–§«∫§ÿ¡°“√‡°‘¥‚√§¡“≈“‡√’¬„πª√–‡∑»‰∑¬

«‘∏’°“√»÷°…“

ß“π«‘®—¬π’È‡ªìπ°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑ÿμ‘¬¿Ÿ¡‘‚¥¬„™â

μ—«·∫∫ GEE ·≈– GLMM ¡’«‘∏’°“√¥—ßπ’È

1. ¢âÕ¡Ÿ≈·≈–·À≈àß¢âÕ¡Ÿ≈ μ—«·ª√μ“¡ §◊Õ ®”π«π

ºŸâªÉ«¬‚√§¡“≈“‡√’¬„πª√–‡∑»‰∑¬√“¬‡¥◊Õπ ªï 2550

μ—«·ª√μâπ §◊Õ ¿“§ ™“¬·¥π ƒ¥Ÿ°“≈ æ◊Èπ∑’ËªÉ“‰¡â ª√‘¡“≥

Ωπ Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ ·≈–√“¬‰¥â‡©≈’Ë¬μàÕÀ—« ®”π«πºŸâªÉ«¬

‚√§¡“≈“‡√’¬„πª√–‡∑»‰∑¬√“¬‡¥◊Õπ ªï 2550 ·≈–

®”π«πª√–™“°√°≈“ßªï 2550 ‰¥â®“° ”π—°√–∫“¥

«‘∑¬“(9) æ◊Èπ∑’ËªÉ“‰¡âªï 2549 ‰¥â®“°°√¡ªÉ“‰¡â(10) ª√‘¡“≥

Ωπ√“¬‡¥◊Õπªï 2550 ·≈–Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬√“¬‡¥◊Õπ‰¥â

®“°°√¡Õÿμÿπ‘¬¡«‘∑¬“(11) ·≈–√“¬‰¥â‡©≈’Ë¬μàÕÀ—« ªï 2550

‰¥â®“° ”π—°ß“π ∂‘μ‘·Ààß™“μ‘(12)

2. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ °”Àπ¥„Àâ i ·∑π®—ßÀ«—¥

¡’§à“μ—Èß·μà 1,2,..., 76  ·≈– j ·∑π‡¥◊Õπ¡’§à“μ—Èß·μà

1,2,3,..., 12

Yij §◊Õ®”π«πºŸâªÉ«¬¡“≈“‡√’¬„π®—ßÀ«—¥∑’Ë i

‡¥◊Õπ∑’Ë j

Ni ·∑π®”π«πª√–™“°√°≈“ßªï 2550 ¢Õß

®—ßÀ«—¥∑’Ë i

Xi1 ·∑π ¿“§ ¢Õß®—ßÀ«—¥∑’Ë i °”Àπ¥„Àâ 1 = ‡Àπ◊Õ

2 = Õ’ “π 3 = „μâ 4 = μ–«—πÕÕ° 5 = μ–«—πμ°

6 = °≈“ß (°≈ÿà¡Õâ“ßÕ‘ß)

Xi2 ·∑π ™“¬·¥π ¢Õß®—ßÀ«—¥∑’Ë i °”Àπ¥„Àâ

1 = μ‘¥°—∫≈“« 2 = μ‘¥°—∫°—¡æŸ™“ 3 = μ‘¥°—∫¡“‡≈‡´’¬

4 = μ‘¥°—∫æ¡à“ 5 = ‰¡àμ‘¥™“¬·¥π (°≈ÿà¡Õâ“ßÕ‘ß)

Xj3 ·∑π ƒ¥Ÿ°“≈ ¢Õß‡¥◊Õπ∑’Ë j °”Àπ¥„Àâ

1 = æ.¬.-¡.§. 2 =  .§.-μ.§. 3 = æ.§.-°.§. 4 = °.æ.-

‡¡.¬. (°≈ÿà¡Õâ“ßÕ‘ß)

Xi4 ·∑π æ◊Èπ∑’ËªÉ“‰¡â (μ√.°¡.) ¢Õß®—ßÀ«—¥∑’Ë i

Xij5 ·∑π ª√‘¡“≥Ωπ (¡¡.) ¢Õß®—ßÀ«—¥∑’Ë i ‡¥◊Õπ

∑’Ë j

Xij6 ·∑π Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ (Celsius) ¢Õß®—ßÀ«—¥∑’Ë

i ‡¥◊Õπ∑’Ë j

Xi7 ·∑π √“¬‰¥â‡©≈’Ë¬μàÕÀ—« (∫“∑/ªï) ¢Õß®—ßÀ«—¥

∑’Ë i

β0 §◊Õ§à“ intercept β1, β2, β3, β4, β5, β6, β7, §◊Õ

§à“ —¡ª√– ‘∑∏‘Ï°“√∂¥∂Õ¬∑’Ë· ¥ß¢π“¥Õ‘∑∏‘æ≈¢Õßªí®®—¬

¿“§ ™“¬·¥π ƒ¥Ÿ°“≈ æ◊Èπ∑’ËªÉ“‰¡â ª√‘¡“≥Ωπ Õÿ≥À¿Ÿ¡‘

‡©≈’Ë¬ ·≈–√“¬‰¥â‡©≈’Ë¬μàÕÀ—« μ“¡≈”¥—∫

°”Àπ¥√Ÿª·∫∫§«“¡ —¡æ—π∏å¢Õß¢âÕ¡Ÿ≈„πÀπà«¬

μ—«Õ¬à“ß‡¥’¬«°—π∑’Ë‡°‘¥®“°°“√«—¥´È”¢Õß∑ÿ°μ—«·∫∫∑’Ë

»÷°…“‡ªìπ·∫∫ Autoregressive (AR(1)) ‡π◊ËÕß®“°

¢âÕ¡Ÿ≈ºŸâªÉ«¬‚√§¡“≈“‡√’¬√“¬‡¥◊Õπ¡’≈—°…≥–‡ªìπ

Õπÿ°√¡‡«≈“(13-15)

2.1 μ—«·∫∫ GEE ∑’Ëμ—«·ª√μ“¡¡’°“√

·®°·®ß·∫∫ Poisson

„Àâ Yij ¡’°“√·®°·®ß·∫∫ Poisson  ‚¥¬∑’Ë

E(Yij) = V(Yij) = μij

Yij = + εij , Yij = 0, 1, 2, 3,...

„Àâ Ni ‡ªìπ exposure (μ—«·ª√ Offset) ·≈–

λij = ‡√’¬° λij «à“ Õ—μ√“ (rate)

°”Àπ¥ Link = ln, Scale = deviance μ—«·∫∫

e-μijμij
Yij

Yij!

μij
Ni
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GEE ∑’Ëμ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Poisson §◊Õ

ln(λij) = ln ( ) = β0 + β1Xi1 + β2Xi2 + β3Xi3 +

β4Xi4 + β5Xi5 + β6Xi6 + β7Xi7

2.2 μ—«·∫∫ GEE ∑’Ëμ—«·ª√μ“¡¡’°“√

·®°·®ß·∫∫ Negative Binomial(3)

„Àâ Yij ¡’°“√·®°·®ß·∫∫ Negative Binomial

‚¥¬∑’Ë E(Y) = μij ·≈– V(Y) = μij + ‡√’¬° rij «à“

dispersion parameter

Yij =                    + εij , Yij = 0,1,2,3,...

Γ = gamma function  ‡¡◊ËÕ rij ¡’¢π“¥„À≠à

Negative Binomial ®–≈Ÿà‡¢â“ Ÿà Poisson (V (Yij) → μij)

„Àâ Ni ‡ªìπ exposure (μ—«·ª√ offset) ·≈– λij

= ‡√’¬° λij «à“ Õ—μ√“ (rate)

°”Àπ¥ Link = ln μ—«·∫∫ GEE ∑’Ëμ—«·ª√

μ“¡¡’°“√·®°·®ß·∫∫ Negative Binomial §◊Õ

ln(λij) = ln = β0 + β1Xi1 + β2Xi2 + β3Xi3 +

β4Xi4 + β5Xi5 + β6Xi6 + β7Xi7

2.3 μ—«·∫∫ GLMM ∑’Ë¡’ random intercept

·≈–μ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Poisson ·≈–

Negative Binomial

μ—«·∫∫ GLMM ∑’Ë¡’ random intercept ·≈–

μ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Poisson ·≈– Negative

Binomial ¡’≈—°…≥–‡À¡◊Õπμ—«·∫∫ GEE ∑’Ëμ—«·ª√μ“¡

¡’°“√·®°·®ß·∫∫ Poisson ·≈– Negative Binomial

μ“¡≈”¥—∫ ‡æ’¬ß·μà‡æ‘Ë¡‡∑Õ¡∑’Ë‡ªìπ random intercept

(Vi) ∑’Ë¡’°“√·®°·®ß·∫∫ª√°μ‘ §à“‡©≈’Ë¬‡ªìπ 0 ·≈–§«“¡

·ª√ª√«π σV
2 ‡¢â“‰«â„πμ—«·∫∫¥â«¬ μ—«·∫∫ GLMM ∑’Ë

¡’ random intercept ¡’≈—°…≥–¥—ßπ’È

ln(λij) = ln = (β0 + Vi) + β1Xi1 + β2Xi2 +

β3Xi3 + β4Xi4 + β5Xi5 + β6Xi6 + β7Xi7

2.4 °“√ª√–¡“≥§à“æ“√“¡‘‡μÕ√å„πμ—«·∫∫

GEE ·≈–μ—«·∫∫ GLMM

°“√ª√–¡“≥§à“æ“√“¡‘‡μÕ√å„™â‚ª√·°√¡ SAS

¢Õß¿“§«‘™“ ∂‘μ‘ ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å μ—«·∫∫

GEE „™â Proc Genmod μ—«·∫∫ GLMM „™â Proc

Glimmix °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‡√‘Ë¡®“°°“√„™âμ—«·∫∫ GEE

·≈– GLMM ·∫∫ univariate μ—¥μ—«·ª√∑’Ë¡’§à“ p-value

¡“°°«à“ 0.10 ÕÕ°(16) π”μ—«·ª√∑’Ë‡À≈◊Õ‰ª«‘‡§√“–Àå·∫∫

multivariate ‡ª√’¬∫‡∑’¬∫§«“¡‡À¡“– ¡¢Õßμ—«·∫∫∑’Ë

μ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Poisson °—∫·∫∫

Negative Binomial  ‚¥¬æ‘®“√≥“®“°§à“ mean

deviance ∑’Ë¡’§à“„°≈â 1(17) (°√≥’ GEE) ·≈–®“°§à“ mean

generalize chi-square ∑’Ë¡’§à“„°≈â 1(18) (°√≥’ GLMM)

·≈â«§—¥‡≈◊Õ°μ—«·ª√‚¥¬«‘∏’ backward elimination ´÷Ëß

‡ªìπ‡∑§π‘§∑’Ë„™â°“√μ—¥μ—«·ª√ÕÕ°∑’≈–μ—«À≈—ß®“°∑’Ë

°”Àπ¥‡√‘Ë¡μâπ„Àâμ—«·∫∫¡’μ—«·ª√μâπ§√∫∑ÿ°μ—«

º≈°“√»÷°…“

1. μ—«·∫∫ GEE º≈°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¥â«¬μ—«

·∫∫ GEE ·∫∫ univariate æ∫«à“ μ—«·ª√√“¬‰¥â‡©≈’Ë¬

μàÕÀ—« ¡’§à“ p-value ¡“°°«à“ 0.10 ®÷ß∂Ÿ°μ—¥ÕÕ° ·≈–

‡¡◊ËÕπ”μ—«·ª√∑’Ë‡À≈◊Õ‰ª«‘‡§√“–Àå·∫∫ multivariate æ∫

«à“ mean deviance ¢Õßμ—«·∫∫ GEE ∑’Ëμ—«·ª√μ“¡¡’

°“√·®°·®ß·∫∫ Poisson ¡’§à“ Ÿß°«à“·∫∫ Negative

Binomial (Poisson: mean deviance = 42.850;

negative binomial: mean deviance = 1.068) ‡¡◊ËÕ

„™â‡°≥±å Mean Deviance ¡’§à“„°≈â 1(17) ®–‰¥â Nega-

tive Binomial ¡’§«“¡‡À¡“– ¡°«à“ Poisson ¥—ß

π—Èπ®÷ß‡≈◊Õ°„™âμ—«·∫∫ GEE ∑’Ëμ—«·ª√μ“¡¡’°“√

·®°·®ß·∫∫ Negative Binomial ·≈â«§—¥‡≈◊Õ°

μ—«·ª√μàÕ¥â«¬«‘∏’ backward elimination ‰¥âμ—«·∫∫∑’Ë

¡’§à“ mean deviance ‡∑à“°—∫ 1.066 §à“ª√–¡“≥

æ“√“¡‘‡μÕ√å· ¥ß„πμ“√“ß∑’Ë 1

®“°μ“√“ß∑’Ë 1 æ∫«à“ ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫

Õ—μ√“°“√ªÉ«¬‚√§¡“≈“‡√’¬ Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë

√–¥—∫ 0.05 ‰¥â·°à ¿“§ (μ–«—πÕÕ° ·≈–„μâ) ™“¬·¥π

(μ‘¥°—∫æ¡à“ μ‘¥°—∫¡“‡≈‡ ’́¬ μ‘¥°—∫°—¡æŸ™“ ·≈–μ‘¥°—∫≈“«)

ƒ¥Ÿ°“≈ (æ.§.-°.§. æ.¬.-¡.§. ·≈– .§.-μ.§.) ª√‘¡“≥Ωπ

·≈–Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡‡ ’Ë¬ß¢Õß°“√

μij
Ni

μij
2

rij

μij
Ni

μij
Ni

μij
Ni

rij Γ(rij+Yij ) μij

rij+μij Γ(Yij+l)Γrij rij+μij

rij Yij
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μ“√“ß∑’Ë 1 §à“ª√–¡“≥æ“√“¡‘‡μÕ√å¢Õßμ—«·∫∫ GEE ∑’Ëμ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Negative Binomial

§à“§≈“¥‡§≈◊ËÕπ ™à«ß§«“¡ §à“ ∂‘μ‘ Relative
æ“√“¡‘‡μÕ√å §à“ª√–¡“≥ Pr > |Z|

¡“μ√∞“π ‡™◊ËÕ¡—Ëπ 95% Z Risk (RR)

intercept -15.98 0.68 -17.31 -14.66 -23.64* <.0001 -

¿“§

‡Àπ◊Õ 0.44 0.49 -0.52 1.39 0.90 0.37 1.55

Õ’ “π -0.73 0.43 -1.57 0.11 -1.70 0.09 0.48

„μâ 2.65 0.59 1.50 3.79 4.52* <.0001 14.10

μ–«—πÕÕ° 2.65 0.60 1.48 3.82 4.43* <.0001 14.18

μ–«—πμ° -0.16 0.58 -1.30 0.98 -0.28 0.78 0.85

°≈“ß 0.00 0.00 0.00 0.00 - - 1

™“¬·¥πμ‘¥μàÕ

≈“« 1.17 0.48 0.23 2.11 2.45* 0.01 3.22

°—¡æŸ™“ 1.74 0.50 0.75 2.73 3.46* 0.0005 5.71

¡“‡≈‡ ’́¬ 2.28 0.74 0.83 3.74 3.08* 0.002 9.80

æ¡à“ 4.08 0.54 3.02 5.13 7.59* <.0001 58.87

‰¡àμ‘¥ 0.00 0.00 0.00 0.00 - - 1

ƒ¥Ÿ°“≈

æ.¬.-¡.§. 0.48 0.13 0.23 0.74 3.72* 0.0002 1.62

 .§.-μ.§. 0.37 0.16 0.05 0.68 2.26* 0.02 1.44

æ.§.-°.§. 0.70 0.21 0.28 1.11 3.28* 0.001 2.01

°.æ.-‡¡.¬. 0.00 0.00 0.00 0.00 - - 1

ª√‘¡“≥Ωπ 0.001 0.00 0.00 0.00 2.65* 0.008 1.0006

Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ 0.09 0.02 0.05 0.14 3.89* <.0001 1.10

*¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë√–¥—∫ 0.05
À¡“¬‡Àμÿ: Relative Risk (RR) §◊Õ§«“¡‡ ’Ë¬ßÀ√◊Õ‚Õ°“ ¢Õß°“√ªÉ«¬‚√§¡“≈“‡√’¬‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡Õâ“ßÕ‘ß

ªÉ«¬‚√§¡“≈“‡√’¬°—∫ºŸâ∑’ËÕ¬Ÿà¿“§°≈“ß æ∫«à“§«“¡‡ ’Ë¬ß

¢ÕßºŸâ∑’ËÕ¬Ÿà„π¿“§μ–«—πÕÕ° Ÿß‡ªìπ 14.18 ‡∑à“ ·≈–

¿“§„μâ Ÿß‡ªìπ 14.10 ‡∑à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ºŸâ∑’ËÕ¬Ÿà„π

®—ßÀ«—¥‰¡àμ‘¥™“¬·¥π æ∫«à“§«“¡‡ ’Ë¬ß¢ÕßºŸâ∑’ËÕ¬Ÿà„π

®—ßÀ«—¥™“¬·¥πμ‘¥°—∫æ¡à“ Ÿß‡ªìπ 58.87 ‡∑à“ ™“¬·¥π

μ‘¥°—∫¡“‡≈‡´’¬ Ÿß‡ªìπ 9.80 ‡∑à“ ™“¬·¥πμ‘¥°—∫

°—¡æŸ™“ Ÿß‡ªìπ 5.71 ‡∑à“ ·≈–™“¬·¥πμ‘¥°—∫≈“« Ÿß‡ªìπ

3.22 ‡∑à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ƒ¥Ÿ°“≈™à«ß‡¥◊Õπ °.æ-‡¡.¬

æ∫«à“§«“¡‡ ’Ë¬ß„πƒ¥Ÿ°“≈™à«ß‡¥◊Õπ æ.§.-°.§.  Ÿß‡ªìπ

2.01 ‡∑à“ ™à«ß‡¥◊Õπ æ.¬-¡.§  Ÿß‡ªìπ 1.62 ‡∑à“ ·≈–

™à«ß‡¥◊Õπ  .§.-μ.§.  Ÿß‡ªìπ 1.44 ‡∑à“ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘

‡©≈’Ë¬ Ÿß¢÷Èπ 1 Àπà«¬ §«“¡‡ ’Ë¬ß®–‡æ‘Ë¡¢÷Èπ 1.0006 ‡∑à“

·≈–‡¡◊ËÕª√‘¡“≥Ωπ‡æ‘Ë¡¢÷Èπ 1 Àπà«¬ §«“¡‡ ’Ë¬ß®–‡æ‘Ë¡

¢÷Èπ 1.10 ‡∑à“

2. μ—«·∫∫ GLMM º≈°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¥â«¬

μ—«·∫∫ GLMM ·∫∫ univariate æ∫«à“ μ—«·ª√μâπ∑ÿ°
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μ—«¡’§à“ p-value πâÕ¬°«à“ 0.10 ®÷ß∂Ÿ°π”‰ª«‘‡§√“–Àå

μàÕ„π·∫∫ multivariate º≈°“√«‘‡§√“–Àåæ∫«à“ mean

generalized chi-square ¢Õßμ—«·∫∫ GLMM ∑’Ë

μ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Poisson ¡’§à“ Ÿß°«à“·∫∫

Negative Binomial (Poisson: mean generalized

chi-square = 11.96; Negative Binomial: mean

generalized chi-square = 0.99) ‡¡◊ËÕ„™â‡°≥±å mean

generalized chi-square ¡’§à“„°≈â 1(18) ®–‰¥â Negative

Binomial ¡’§«“¡‡À¡“– ¡°«à“ Poisson

¥—ßπ—Èπ®÷ß‡≈◊Õ°„™âμ—«·∫∫ GLMM ∑’Ëμ—«·ª√μ“¡¡’

°“√·®°·®ß·∫∫ Negative Binomial ·≈â«§—¥‡≈◊Õ°

μ—«·ª√μàÕ¥â«¬«‘∏’ backward elimination ‰¥âμ—«·∫∫∑’Ë

¡’§à“ mean generalized chi-square ‡∑à“°—∫ 0.99 §à“

ª√–¡“≥æ“√“¡‘‡μÕ√å· ¥ß„πμ“√“ß∑’Ë 2

®“°μ“√“ß∑’Ë 2 æ∫«à“ ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫

Õ—μ√“°“√ªÉ«¬‚√§¡“≈“‡√’¬ Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë

√–¥—∫ 0.05 ‰¥â·°à ¿“§ (μ–«—πÕÕ° „μâ ·≈–Õ’ “π)

™“¬·¥π (μ‘¥°—∫æ¡à“ μ‘¥°—∫¡“‡≈‡ ’́¬ ·≈–μ‘¥°—∫°—¡æŸ™“)

ƒ¥Ÿ°“≈ (æ.§.-°.§. ·≈–æ.¬.-¡.§.) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

§«“¡‡ ’Ë¬ß¢Õß°“√ªÉ«¬‚√§¡“≈“‡√’¬°—∫ºŸâ∑’ËÕ¬Ÿà¿“§°≈“ß

æ∫«à“§«“¡‡ ’Ë¬ß¢ÕßºŸâ∑’ËÕ¬Ÿà¿“§μ–«—πÕÕ° Ÿß‡ªìπ 10.69

‡∑à“ ¿“§„μâ Ÿß‡ªìπ 8.78 ‡∑à“ ·≈–¿“§Õ’ “π Ÿß‡ªìπ 0.33

μ“√“ß∑’Ë 2 §à“ª√–¡“≥æ“√“¡‘‡μÕ√å„πμ—«·∫∫ GLMM ∑’Ëμ—«·ª√μ“¡¡’°“√·®°·®ß·∫∫ Negative Binomial

æ“√“¡‘‡μÕ√å §à“ª√–¡“≥ §à“§≈“¥‡§≈◊ËÕπ¡“μ√∞“π §à“ ∂‘μ‘ t Pr > |t| Relative Risk (RR)

intercept -13.44 0.37 -36.38* <.0001 -

¿“§

‡Àπ◊Õ 0.05 0.54 0.10 0.92 1.06

Õ’ “π -1.11 0.53 -2.09* 0.04 0.33

„μâ 2.17 0.57 3.83* 0.0003 8.78

μ–«—πÕÕ° 2.37 0.60 3.92* 0.0002 10.69

μ–«—πμ° 0.16 0.76 0.21 0.83 1.18

°≈“ß 0.00 . . . 1

™“¬·¥πμ‘¥μàÕ

≈“« 0.79 0.50 1.60 0.11 2.21

°—¡æŸ™“ 1.52 0.74 2.05* 0.04 4.56

¡“‡≈‡ ’́¬ 2.28 0.79 2.89* 0.01 9.73

æ¡à“ 3.85 0.58 6.68* <.0001 46.77

‰¡àμ‘¥ 0.00 . . . 1

ƒ¥Ÿ°“≈

æ.¬.-¡.§. -0.28 0.09 -2.99* 0.003 0.76

 .§.-μ.§. -0.09 0.09 -0.95 0.34 0.92

æ.§.-°.§. 0.76 0.09 8.77* <.0001 2.14

°.æ.-‡¡.¬. 0.00 - - - 1

*¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë√–¥—∫ 0.05
À¡“¬‡Àμÿ: Relative Risk (RR) §◊Õ§«“¡‡ ’Ë¬ßÀ√◊Õ‚Õ°“ ¢Õß°“√ªÉ«¬‚√§¡“≈“‡√’¬‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡Õâ“ßÕ‘ß
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μ“√“ß∑’Ë 3 §à“ª√–¡“≥ random intercept ¢Õß·μà≈–®—ßÀ«—¥„πμ—«·∫∫ GLMM

®—ßÀ«—¥ §à“ª√–¡“≥ §à“§≈“¥‡§≈◊ËÕπ¡“μ√∞“π §à“ ∂‘μ‘ t Pr > |t|

‡™’¬ß„À¡à -2.17 0.60 -3.64* 0.001

≈”æŸπ 1.14 0.47 2.43* 0.02

·¡àŒàÕß Õπ 1.98 0.59 3.32*\ 0.001

πà“π -1.47 0.63 -2.31* 0.02

‡æ™√∫Ÿ√≥å -0.93 0.53 -1.78* 0.08

μ“° 1.40 0.59 2.36* 0.02

Õÿμ√¥‘μ∂å -1.45 0.64 -2.28* 0.02

æ‘®‘μ√ -1.16 0.61 -1.91* 0.06

æ√–π§√»√’Õ¬ÿ∏¬“ -1.04 0.55 -1.89* 0.06

 ‘ßÀå∫ÿ√’ -1.55 0.84 -1.84* 0.07

√“™∫ÿ√’ -1.18 0.59 -1.99* 0.05

 ¡ÿ∑√ “§√ 1.96 0.42 4.61* <.0001

©–‡™‘ß‡∑√“ -1.05 0.53 -1.99* 0.05

π§√π“¬° -1.88 0.59 -3.22* 0.002

 ¡ÿ∑√ª√“°“√ 0.90 0.43 2.11* 0.04

®—π∑∫ÿ√’ 1.95 0.51 3.81* 0.0003

μ√“¥ 1.34 0.65 2.07* 0.04

‡≈¬ -1.56 0.73 -2.13* 0.03

¡ÿ°¥“À“√ 1.38 0.53 2.60* 0.01

∫ÿ√’√—¡¬å -1.74 0.73 -2.39* 0.02

»√’…–‡°… 1.47 0.69 2.12* 0.04

Õÿ∫≈√“™∏“π’ 2.63 0.49 5.32* <.0001

™ÿ¡æ√ -1.17 0.64 -1.84* 0.07

 ÿ√“…Æ√å∏“π’ 1.16 0.47 2.46* 0.02

æ—∑≈ÿß -2.84 0.59 -4.80* <.0001

μ√—ß -2.16 0.53 -4.09* <.0001

ªíμμ“π’ 1.37 0.47 2.90* 0.005

¬–≈“ 1.96 0.67 2.93* 0.005

 μŸ≈ -2.43 0.68 -3.57* 0.001

*¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë√–¥—∫ 0.05
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æ¡à“ Ÿß‡ªìπ 46.77 ‡∑à“ ™“¬·¥πμ‘¥°—∫¡“‡≈‡´’¬ Ÿß‡ªìπ

9.73 ‡∑à“ ·≈–™“¬·¥πμ‘¥°—∫°—¡æŸ™“  Ÿß‡ªìπ 4.56 ‡∑à“

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ƒ¥Ÿ°“≈™à«ß‡¥◊Õπ °.æ.-‡¡.¬. æ∫«à“

§«“¡‡ ’Ë¬ß„πƒ¥Ÿ°“≈™à«ß‡¥◊Õπ æ.§.-°.§.  Ÿß‡ªìπ 2.14

‡∑à“ ·≈–™à«ß‡¥◊Õπ æ.¬.-¡.§.  Ÿß‡ªìπ 0.76 ‡∑à“

§à“ª√–¡“≥§«“¡·ª√ª√«π¢Õß random intercept

¢Õß·μà≈–®—ßÀ«—¥„πμ—«·∫∫ GLMM ¡’§à“ 1.6761 (§à“

§«“¡§≈“¥‡§≈◊ËÕπ¡“μ√∞“π = 3.166)  à«π§à“ª√–¡“≥

random intercept ¢Õß·μà≈–®—ßÀ«—¥· ¥ß„πμ“√“ß∑’Ë 3

(· ¥ß‡©æ“–®—ßÀ«—¥∑’Ë¡’§à“ª√–¡“≥‰¡à‡∑à“°—∫»Ÿπ¬åÕ¬à“ß

¡’π—¬ ”§—≠∑“ß ∂‘μ‘∑’Ë√–¥—∫ 0.05)

®“°μ“√“ß∑’Ë 3 æ∫«à“§à“ª√–¡“≥¢Õß random

intercept ¢Õß·μà≈–®—ßÀ«—¥¡’§à“·μ°μà“ß°—π ‡™àπ ®—ßÀ«—¥

‡™’¬ß„À¡à ≈”æŸπ ·≈–·¡àŒàÕß Õπ ¡’§à“ random inter-

cept ‡∑à“°—∫ -2.17, 1.14 ·≈– 1.98 μ“¡≈”¥—∫  àßº≈

„Àâ°“√∂¥∂Õ¬¢Õß·μà≈–®—ßÀ«—¥¡’§à“ intercept ·μ°

μà“ß°—π ‡™àπ intercept ¢Õß®—ßÀ«—¥‡™’¬ß„À¡à¡’§à“‡∑à“°—∫

º≈√«¡¢Õß -13.44 °—∫ -2.17 §◊Õ -15.61 ·≈– inter-

cept ¢Õß®—ßÀ«—¥≈”æŸπ¡’§à“‡∑à“°—∫º≈√«¡¢Õß -13.44 °—∫

1.14 §◊Õ -12.30 ‡ªìπμâπ · ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ‰¡à¡’ªí®®—¬

Õ◊Ëπ„¥¡“‡°’Ë¬«¢âÕß Õ—μ√“°“√ªÉ«¬‚√§¡“≈“‡√’¬¢ÕßºŸâ∑’Ë

Õ¬Ÿà„π·μà®—ßÀ«—¥¡’§à“·μ°μà“ß°—π ´÷Ëß‡ªìπ§«“¡·μ°μà“ß

°—π‚¥¬∏√√¡™“μ‘ (natural heterogeneity) ¢Õß

·μà≈–®—ßÀ«—¥

«‘®“√≥å

μ—«·∫∫ GEE ·≈– GLMM ∑’Ëμ—«·ª√μ“¡¡’°“√

·®°·®ß·∫∫ Negative Binomial ¡’§«“¡‡À¡“– ¡

°«à“·∫∫ Poisson ‡π◊ËÕß®“°¢âÕ¡Ÿ≈ºŸâªÉ«¬¡“≈“‡√’¬∑’Ëπ”

¡“»÷°…“¡’ over dispersion §◊Õ§«“¡·ª√ª√«π¡’§à“

 Ÿß°«à“§à“‡©≈’Ë¬ (§à“‡©≈’Ë¬ = 33.86 8; §à“§«“¡·ª√-

ª√«π = 12,600.04)  Õ¥§≈âÕß°—∫ Hilbe(19) ∑’Ë‡ πÕ«à“

∂â“¢âÕ ¡¡ÿμ‘ (assumption) ¢Õß Poisson regression

∑’Ë«à“ §à“‡©≈’Ë¬‡∑à“°—∫§à“§«“¡·ª√ª√«π‰¡à‡ªìπ®√‘ß·≈â«

Negative Binomial regression ‡ªìπ∑“ß‡≈◊Õ°∑’Ë‡À¡“– ¡

‡π◊ËÕß®“°¡’¢âÕ®”°—¥πâÕ¬°«à“ ·≈–¬—ß Õ¥§≈âÕß°—∫ß“π

«‘®—¬¢Õß Mwangi ·≈–§≥–(20) ∑’Ë»÷°…“°“√‡°‘¥‚√§

¡“≈“‡√’¬„π‡¥Á°Õ“¬ÿμË”°«à“ 15 ªï„π‡¡◊Õß Kilifi ª√–‡∑»

‡§π¬“ ´÷Ëßæ∫«à“¢âÕ¡Ÿ≈∑’Ë»÷°…“¡’ over dispersion ·≈–

μ—«·∫∫ Negative Binomial regression ¡’§«“¡

‡À¡“– ¡°«à“μ—«·∫∫ Poisson regression

‡¡◊ËÕæ‘®“√≥“„π≈—°…≥–¿“æ√«¡∑—Èßª√–‡∑»®“°

μ—«·∫∫ GEE æ∫«à“ªí®®—¬‡ ’Ë¬ß¢Õß°“√‡°‘¥‚√§

¡“≈“‡√’¬§◊Õ ¿“§μ–«—πÕÕ° ¿“§„μâ ™“¬·¥πμ‘¥°—∫æ¡à“

μ‘¥°—∫¡“‡≈‡ ’́¬ μ‘¥°—∫°—¡æŸ™“ μ‘¥°—∫≈“« ƒ¥Ÿ°“≈™à«ß‡¥◊Õπ

æ.§.-°.§. æ.¬.-¡.§.  .§.-μ.§. Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ ·≈–ª√‘¡“≥

Ωπ  Õ¥§≈âÕß°—∫√“¬ß“π¢Õß ”π—°√–∫“¥«‘∑¬“(2) ∑’Ë
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Abstract Risk Factors for Malaria in Thailand Using Generalized Estimating Equation (GEE) and
Generalized Linear Mixed Model (GLMM)
Krisada Lekdee, Lily Ingsrisawang
Department of Statistics, Faculty of Science, Kasetsart University
Journal of Health Science 2010; 19:364-73.

The objective of this research involved the identification of risk factors for malaria in Thailand
using suitable statistical models.  The Generalized Estimating Equation (GEE) and the Generalized
Linear Mixed Model (GLMM) were employed.  For both the GEE and the GLMM, the dependent
variable with a Poisson distribution was compared with a Negative Binomial distribution.  Secondary
and provincial-level data used in this research were from several sources.  The dependent variable
was the number of people with malaria in 2007, and the independent variables were region, border,
season, forest area, rain, temperature, and income.  Suitable models were judged by the value of
mean deviance (for GEE) and mean generalized chi-square (for GLMM).  The study found that for
both the GEE and the GLMM, the dependent variable with Negative Binomial distribution was
more suitable than was the Poisson distribution.  For the GEE, the population- averaged model,
region (East and South), border (Myanmar, Malaysia, Cambodia, and Laos), season (May-Jul,
Nov-Jan, and Aug-Oct), temperature, and rain significantly impacted the malaria incidence rate.
For the GLMM, subject-specific model, factors that significantly related to the malaria incidence
rate were region (East, South, and North-East), border (Myanmar, Malaysia, and Cambodia), and
season (May-Jul and Nov-Jan).

Key words: malaria, Generalized Estimating Equation (GEE), Generalized Linear Mixed Model (GLMM),
Poisson, Negative Binomial
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