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Background and objective: Glycosylation index is

composed of glycosylation gap (GG), hemoglobin glycation

index (HGI), fructosamine glycation index (FGI).  The

indeces are index calculated based on blood glucose (BG),

fructosamine (F), and glycated hemoglobin (HbA1C).  The

purpose of this study was to compare these indices in type

2 diabetic patients (T2DM) with various of nephropathy.

Methods:  HbA1C, BG and F were obtained from 104 T2DM

patients (37 males, 67 females) at a single clinical visit

at Buddhachinnaratana Hospital, Pitsanulok.  The

stages of nephropathy was divided into 3 groups

according to albuminuria level; no nephropathy (n = 57),

microalbuminuria (n = 29), and advanced nephropathy

(n = 18).

Results: Mean+SD HbA1C = 7.9+1.7%, F = 279+69  mol/L,

BG = 7.0+1.9 μmol/L, GG = 0.0+2.37, HGI = -0.23+1.47,

FGI = -0.21+63 were found in all subjects. Mean GG (0.55+

0.8), HGI (0.70+1.5), and HbA1C (9.0+1.8%) in patients with

advanced nephropathy was significantly different from

those with no nephropathy and microalbuminuria (P < 0.05)

Conclusions:  Increasing levels of HbA1C corresponds

with worsening nephropathy in T2DM.

Keywords: Glycosylation index; type 2 diabetes mellitus;

Microalbuminuria; Nephropathy
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À≈—°°“√·≈–«—μ∂ÿª√– ß§å: μ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ (glycosylation
index) ‰¥â®“°°“√§”π«≥√–¥—∫°≈Ÿ‚§  (BG) ø√ÿ°‚μ´“¡’π (F)
·≈–Œ’‚¡‚°≈∫‘π‡Õ«—π´’ (HbA

1C
) ¢Õß§π‰¢â·μà≈–√“¬„π°≈ÿà¡

ª√–™“°√∑’Ë»÷°…“ ∑’Ëª√–°Õ∫¥â«¬μ—«™’È«—¥ 3 §à“ §◊Õ glycosyltion
gap (GG), Hemoglobin Glycation Index (HGI) ·≈– Fructosamine
Glycation Index (FGI) °“√»÷°…“§√—Èßπ’È¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ‡ª√’¬∫
‡∑’¬∫μ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ„π§π‰¢â‡∫“À«“π™π‘¥∑’Ë 2 ∑’Ë¡’‚√§
·∑√°´âÕπ∑’Ë‰μ‡∑’¬∫°—∫§π‰¢â‡∫“À«“π∑’Ë‰μ∑”ß“πª°μ‘
«‘∏’°“√»÷°…“: μ—«Õ¬à“ß„π°“√»÷°…“‡ªìπ§π‰¢â‡∫“À«“π™π‘¥
∑’Ë 2 ®”π«π 104 √“¬ ‡ªìπ™“¬ 36 √“¬ À≠‘ß 67 √“¬ ∑’Ë‡¢â“√—∫
°“√√—°…“∑’Ë§≈‘π‘°‡∫“À«“π‚√ßæ¬“∫“≈æÿ∑∏™‘π√“™ ®—ßÀ«—¥
æ‘…≥ÿ‚≈° °“√·∫àß°≈ÿà¡§«“¡·√ß¢Õß‚√§‰μ„™âº≈°“√μ√«®«—¥
microalbuminuria (MAU) ∑’Ëμ√«®®“°μ—«Õ¬à“ßªí  “«–∑’Ë‡°Á∫
·∫∫ ÿà¡ ·≈–·∫àß‡ªìπ 3 °≈ÿà¡ §◊Õ no nephropathy  57 √“¬,
microalbuminuria 29 √“¬ ·≈– advanced nephropathy 18 √“¬
º≈°“√»÷°…“: §à“‡©≈’Ë¬+§à“‡∫’Ë¬ß‡∫π„π°≈ÿà¡μ—«Õ¬à“ß∑—ÈßÀ¡¥
æ∫«à“¡’§à“ HbA

1C
 = 7.9+1.7%, F = 279+69  mol/L, BG =

7.0+1.9 μmol/L, GG = 0.0+2.37, HGI = -0.23+1.47 ·≈– FGI =
-0.21+63 ‡¡◊ËÕ»÷°…“√–¥—∫μ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπæ∫«à“°≈ÿà¡
advanced nephropathy  ¡’§à“ GG  =  0.55+0.8, HGI = 0.70+1.5,
·≈– HbA

1C
 = 9.0+1.8 ¡’§à“·μ°μà“ß®“°°≈ÿà¡ no nephropathy

·≈– microalbuminuria Õ¬à“ß¡’π—¬ ”§—≠ (P < 0.05)
 √ÿª: §à“ GG ·≈– HGI ¡’§à“‡æ‘Ë¡¢÷Èπμ“¡§«“¡√ÿπ·√ß¢Õß‚√§
 Õ¥§≈âÕß°—∫º≈ HbA

1C
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∫∑π”

‡∫“À«“π‡ªìπ‚√§∑’Ë¡’°“√¥”‡π‘π¢Õß‚√§¬“«π“π ‚√§
·∑√°´âÕπ∑’Ë‡°‘¥¢÷Èπ„π‚√§‡∫“À«“π¡’À≈“¬Õ¬à“ß ‡™àπ ‚√§μ“
‚√§‰μ ‚√§√–∫∫ª√– “∑ °“√‡°‘¥‚√§·∑√° ấÕπ‡À≈à“π’È¡—°æ∫
√à«¡°—∫¡’¿“«–πÈ”μ“≈„π‡≈◊Õ¥ Ÿß °“√μ√«®«—¥√–¥—∫πÈ”μ“≈
„πÀâÕßªØ‘∫—μ‘°“√¡’°“√μ√«®«—¥ “¡°“√∑¥ Õ∫§◊Õ °“√μ√«®
«—¥‰°≈‡§μŒ’‚¡‚°≈∫‘π (HbA

1C
) °“√μ√«®«—¥ø√ÿ°‚μ´“¡’π

(fructosamine; F) ·≈–°“√μ√«®«—¥√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥ (blood
glucose; BG)  ‡π◊ËÕß®“°¡’√“¬ß“π«à“√–¥—∫ HbA

1C
 ∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ

¡’§«“¡ —¡æ—π∏å°—π¥’§«“¡‡ ’Ë¬ß„π°“√‡°‘¥‚√§·∑√° ấÕπ ®÷ß„™â
μ√«®«—¥√–¥—∫ HbA

1C
 ‡æ◊ËÕ∫Õ°°“√§«∫§ÿ¡√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥

‡π◊ËÕß®“°§π‰¢â·μà≈–√“¬¡’§«“¡·μ°μà“ß√–À«à“ß∫ÿ§§≈
÷́Ëß “¡“√∂æ∫‰¥â®“°°“√μ√«®«—¥√–¥—∫ HbA

1C
 ‡ª√’¬∫‡∑’¬∫°—π

√–À«à“ß§π∑’Ë‡ªìπ·≈–‰¡à‡ªìπ‡∫“À«“π1 ‚¥¬æ∫«à“√–¥—∫ HbA
1C

¡’§à“·μ°μà“ß°—π∂÷ß·¡â«à“¡’√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥„°≈â‡§’¬ß°—π
‰¥â¡’§«“¡æ¬“¬“¡Õ∏‘∫“¬§«“¡·μ°μà“ß√–À«à“ß∫ÿ§§≈„π
§π‰¢â‡∫“À«“π‚¥¬„™â§à“ HbA

1C
 ®“°°“√»÷°…“¢Õß Hempe

·≈–§≥–2 ‰¥â‡ πÕ«‘∏’°“√∑“ß ∂‘μ‘‡æ◊ËÕÕ∏‘∫“¬§«“¡·μ°μà“ß
¢Õß§à“ HbA

1C
 √–À«à“ß∫ÿ§§≈‚¥¬„™â§à“‡©≈’Ë¬°“√μ√«®«—¥√–¥—∫

πÈ”μ“≈„π‡≈◊Õ¥‡√’¬°«à“ hemoglobin glycation index (HGI)
®“°§«“¡ —¡æ—π∏å¥—ß°≈à“« “¡“√∂ª√–¡“≥°“√‡°‘¥‰°≈
‡§μŒ’‚¡‚°≈∫‘π‰¥â®“°§à“‡©≈’Ë¬√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥ μàÕ¡“
Cohen ·≈–§≥–3 ‰¥â„™â·π«§‘¥®“°§«“¡ —¡æ—π∏å¥—ß°≈à“«
‡æ◊ËÕª√–‡¡‘π°“√‡°‘¥ ‰°≈‡§μŒ’‚¡‚°≈∫‘π®“°§à“ø√ÿ°‚μ´“¡’π
‡√’¬°«à“ glycosylation gap (GG) ‚¥¬§à“ GG ‰¥â®“°§à“¢Õß HbA

1C

∑’Ëμ√«®«—¥‰¥â®√‘ß (observed HbA
1C
) ·≈–§à“∑’Ë‡°‘¥®“°°“√

ª√–¡“≥‚¥¬„™â ¡°“√ (predicted HbA
1C
)

ø√ÿ°‚μ´“¡’π‡ªìπ “√∑’Ë‡°‘¥¢÷Èπ„π¢∫«π°“√‰°≈‡§™—Ëπ¢Õß
‚ª√μ’π∑’Ë‰¡à„™â‡Õπ‰´¡å ´÷Ëßæ∫«à“√–¥—∫ø√ÿ°‚μ´“¡’π¡’§«“¡
 —¡æ—π∏å¥’°—∫√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥·≈– HbA

1C
4,5  ‡π◊ËÕß®“°

ø√ÿ°‚μ´“¡’π‡°‘¥¢÷ÈππÕ°‡´≈≈å§≈â“¬°—∫πÈ”μ“≈„π‡≈◊Õ¥ ·μà
μ√ß¢â“¡°“√‡°‘¥ HbA

1C
 ∑’Ë‡°‘¥¢÷Èπ„π‡´≈≈å ¥—ßπ—Èπ°“√§‘¥§”π«≥

§à“ GG πà“®–∫Õ°§«“¡·μ°μà“ß√–À«à“ß°“√‡°‘¥‰°≈‡§™—Ëπ
„π‡´≈≈å·≈–πÕ°‡´≈≈å‰¥â Chalaw ·≈–§≥–6 ‰¥â‡ πÕ§«“¡
 —¡æ—π∏å¢Õß ¡°“√∑’Ë‡°‘¥®“°°“√§”π«≥‚¥¬„™â§à“ø√ÿ°‚μ´“¡’π
·≈–πÈ”μ“≈„π‡≈◊Õ¥ ‡√’¬°«à“ fructosamine glycation index (FGI)

®“°°“√»÷°…“∑’Ëºà“π¡“æ∫«à“‰¥â¡’°“√π” glycosylation
index ‰¡à«à“®–‡ªìπ GG, HGI, FGI ¡“»÷°…“§«“¡·ª√ª√«π∑’Ë
‡°‘¥¢÷Èπ‚¥¬‡ª√’¬∫‡∑’¬∫√–À«à“ß§à“∑’Ëμ√«®«—¥‰¥â®√‘ß·≈–§à“∑’Ë
‡°‘¥®“°°“√∑”π“¬„π§π‰¢â‡∫“À«“π™π‘¥∑’Ë 1 ́ ÷Ëßæ∫«à“§à“ GG
¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡√ÿπ·√ß¢Õß‚√§·∑√°´âÕπ∑’Ë‰μ‡æ‘Ë¡¢÷Èπ
·μà¬—ß¡’°“√»÷°…“‰¡à¡“°π—°‡°’Ë¬«°—∫ glycosylation index ·≈–
§«“¡·ª√ª√«π„π§π‰¢â‡∫“À«“π™π‘¥∑’Ë 2 ´÷Ëß‡ªìπ∑’Ëπà“ π„®
«à“§à“ glycosylation index ∑’Ëæ∫„π§π‰¢â‡∫“À«“π™π‘¥∑’Ë 1 ·≈–
‡∫“À«“π™π‘¥∑’Ë 2 ®–¡’§à“·μ°μà“ß°—πÀ√◊Õ‰¡à ‡π◊ËÕß®“°°“√
§«∫§ÿ¡√–¥—∫πÈ”μ“≈„π§π‰¢â‡∫“À«“π™π‘¥∑’Ë 1 ®–¡’§«“¡
‡§√àß§√—¥¡“°°«à“ °“√»÷°…“§√—Èßπ’È¡’«—μ∂ÿª√– ß§å
‡æ◊ËÕ»÷°…“√–¥—∫ glycosylation index „π§π‰¢â‡∫“À«“π™π‘¥∑’Ë 2
‚¥¬‡ª√’¬∫‡∑’¬∫§à“√–À«à“ß°≈ÿà¡∑’Ë¡’§«“¡√ÿπ·√ß¢Õß‚√§‰μ
μà“ß°—π

«‘∏’°“√»÷°…“

°≈ÿà¡μ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“‡ªìπ§π‰¢â‡∫“À«“π™π‘¥∑’Ë 2
∑’Ë‰¥â√—∫°“√«‘π‘®©—¬®“°·æ∑¬å·≈â« ·≈–‡¢â“√—∫°“√√—°…“∑’Ë
‚√ßæ¬“∫“≈æÿ∑∏™‘≥√“™ ®—ßÀ«—¥æ‘…≥ÿ‚≈° ¡“æ∫·æ∑¬å
μ“¡π—¥∑ÿ° 2-3 ‡¥◊Õπ„πªï æ.». 2549 °“√‡≈◊Õ°§π‰¢â‡¢â“√à«¡
‚§√ß°“√‡ªìπ°“√§—¥‡≈◊Õ°·∫∫ ÿà¡ ‚¥¬‡≈◊Õ°®“°√“¬∑’Ë·æ∑¬å
 —Ëßμ√«® BG, F, HbA

1C
 §√∫∑—Èß “¡°“√∑¥ Õ∫ °“√μ√«®«—¥

¢Õß§π‰¢â„πß“πª√–®”∑’ËÕ¥Õ“À“√¢â“¡§◊π°àÕπ‡®“–‡≈◊Õ¥
°≈ÿà¡μ—«Õ¬à“ß∑—ÈßÀ¡¥ 104 √“¬ ‡ªìπÀ≠‘ß 67 √“¬ ‡ªìπ™“¬ 37
√“¬ Õ“¬ÿ√–À«à“ß 29-80 ªï (‡©≈’Ë¬ 59 ªï) ‡ªìπ‡∫“À«“π¡“π“π
3-18 ªï (‡©≈’Ë¬ 10 ªï) °“√»÷°…“§√—Èßπ’È‰¥âºà“π§«“¡‡ÀÁπ™Õ∫®“°
§≥–°√√¡°“√®√‘¬∏√√¡°“√∑”«‘®—¬„π¡πÿ…¬å¡À“«‘∑¬“≈—¬
¢Õπ·°àπ

°“√μ√«®«—¥
°“√μ√«®«—¥ HbA

1C
 „™â‡≈◊Õ¥√«¡∑’Ë¡’ EDTA ‡ªìπ “√°—π

‡≈◊Õ¥·¢Áß °“√μ√«®«—¥„™âÀ≈—°°“√ ion-exchange chromatog-
raphy ¢Õß∫√‘…—∑ Biorad D-10 „π°“√»÷°…“§√—Èßπ’Èæ∫«à“¡’§à“
 —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π (coefficient of variation; %CV)
‡∑à“°—∫ 4.53 %  ”À√—∫°“√μ√«®«—¥ “√§«∫§ÿ¡™à«ß§à“ 4.7-
7.0 % ·≈–¡’§à“ %CV ‡∑à“°—∫ 4.53 %  ”À√—∫°“√μ√«®«—¥

§” ”§—≠: μ—«∫àß™’È¿“«–‰°≈‚§´’‡≈™—Ëπ; ‡∫“À«“π™π‘¥∑’Ë 2,
‰μº‘¥ª°μ‘, ¿“«–Õ—≈∫Ÿ¡‘π„πªí  “«–
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 “√§«∫§ÿ¡™à«ß§à“ 8.0-12.0 %  °“√μ√«®«—¥ø√ÿ°‚μ´“¡’π„™â
æ≈“ ¡“∑’Ë¡’ EDTA ‡ªìπ “√°—π‡≈◊Õ¥·¢Áß °“√μ√«®«—¥„™âÀ≈—°°“√
«—¥§«“¡‡¢â¡ ’¢Õß nitroblue tetrazolium ∑’Ë∂Ÿ°ÕÕ°´‘‰¥´å∑’Ë
§«“¡¬“«§≈◊Ëπ 546 π“‚π‡¡μ√ ‚¥¬„™âπÈ”¬“ ”‡√Á®¢Õß∫√‘…—∑
Roche Diagnostic ( «‘ ‡´Õ√å·≈π¥å)  „π°“√»÷°…“§√—Èßπ’Èæ∫«à“
%CV „π°“√μ√«®«—¥ “√§«∫§ÿ¡™à«ß§à“ 263-380 μmol/L ·≈–
™à«ß§à“ 458-620 μmol/L ¡’§à“ 5.7 % ·≈– 1.46 % μ“¡≈”¥—∫
 à«π°“√μ√«®«—¥√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥„™â°“√«—¥§«“¡‡¢â¡ ’·¥ß
∑’Ë‡°‘¥®“°°“√∑”ªØ‘°‘√‘¬“¢Õß‡Õπ‰´¡å∑’Ë§«“¡¬“«§≈◊Ëπ 415
π“‚π‡¡μ√ ‚¥¬„™âπÈ”¬“ ”‡√Á®¢Õß∫√‘…—∑ Roche Diagnostic
·≈–μ√«®«—¥¥â«¬‡§√◊ËÕß Hitachi 912 º≈°“√μ√«®«—¥¥â«¬ “√
§«∫§ÿ¡æ∫«à“ %CV ‡∑à“°—∫ 2.71 % ·≈– 3.26 % „π™à«ß§à“
4.4-5.5 ·≈– 12.8-15.7 μmol/L  à«π°“√μ√«®«—¥√–¥—∫‰¡‚§√
Õ—≈∫Ÿ¡‘π‡æ◊ËÕª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß‚√§‰μπ—Èπ„™âÀ≈—°°“√«—¥
§«“¡¢ÿàπ∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“  immunoturbidimetric method
¥â«¬‡§√◊ËÕß Hitachi 912 „πμ—«Õ¬à“ßªí  “«–∑’Ë‡°Á∫·∫∫ ÿà¡
º≈°“√»÷°…“æ∫ %CV ‡∑à“°—∫ 6.4 ·≈– 5.4 „π “√§«∫§ÿ¡
™à«ß§à“ 27.2-35.2 mg/L ·≈– 98.0-122.0 mg/L μ“¡≈”¥—∫

°“√À“§à“ Glycosylation index
°“√À“§à“ GG „π°“√»÷°…“§√—Èßπ’È∑”μ“¡«‘∏’°“√¢Õß Cohen

·≈–§≥–3 §à“ GG ‡°‘¥®“°§«“¡μà“ß¢Õß§à“ observed HbA
1C

∑’Ë‰¥â®“°°“√μ√«®«—¥ ·≈–§à“ predicted HbA
1C
 ∑’Ë‰¥â®“° ¡°“√

∂¥∂Õ¬‡™‘ß‡ âπ∑’Ë§”π«≥®“°§à“ HbA
1C
 ·≈–§à“ F ¢Õß§π‰¢â

·μà≈–√“¬ ‚¥¬„™â§à“ HbA
1C
 ∑’Ë‰¥â®“°°“√μ√«®«—¥·∑π∑’Ë„π

 ¡°“√·μà≈–√“¬ ¥—ßπ—Èπ§à“ GG ‡°‘¥®“° observed HbA
1C
 -

predicted HbA
1C
 À“° GG ¡’§à“‡ªìπ≈∫ À¡“¬∂÷ß«à“ §à“∑’Ë‰¥â

®“°°“√μ√«®«—¥¡’§à“πâÕ¬°«à“§à“∑’Ë‰¥â®“°°“√§”π«≥ „π∑“ß
μ√ß¢â“¡À“° GG ¡’§à“‡ªìπ∫«° · ¥ß„Àâ‡ÀÁπ«à“§à“∑’Ë‰¥â®“°
°“√μ√«®«—¥¡’§à“¡“°°«à“§à“∑’Ë‰¥â®“°°“√§”π«≥ À“° GG
¡’§à“‡∑à“°—∫»Ÿπ¬å· ¥ß«à“§à“∑’Ë‰¥â®“°°“√§”π«≥·≈–°“√μ√«®«—¥

¡’§à“‡∑à“°—π ´÷ËßÀ¡“¬∂÷ß«à“§à“ HbA
1C
 ·≈– F ¡’§à“ Õ¥§≈âÕß°—π

¥—ßπ—ÈπÀ“° HbA
1C
 ¡’§à“ Ÿß°«à“ F §à“ GG ¡’·π«‚πâ¡‰ª∑“ß∫«°

´÷ËßÀ¡“¬∂÷ß«à“§π‰¢â√“¬π—Èπ¡’‚Õ°“ ‡°‘¥‚√§·∑√°´âÕπ‡æ‘Ë¡¢÷Èπ
 à«π§à“ HGI §‘¥®“°§«“¡μà“ß√–À«à“ß§à“ observed HbA

1C

∑’Ë‰¥â®“°°“√μ√«®«—¥·≈–§à“ predicted HbA
1C

 ‚¥¬∑’Ë§à“
predicted HbA

1C
 §”π«≥®“° ¡°“√∂¥∂Õ¬‡™‘ß‡ âπ„π ¡°“√

‡ âπμ√ß®“°§à“¢Õß HbA
1C
 ·≈– BG ¢Õß§π‰¢â·μà≈–√“¬   à«π

FGI ‡°‘¥®“°§à“§«“¡μà“ß¢Õßø√ÿ°‚μ´“¡’π (F) ∑’Ë‰¥â®“°°“√
μ√«®«—¥·≈–§à“∑’Ë‰¥â®“°°“√§”π«≥‚¥¬„™â ¡°“√‡ âπμ√ß
√–À«à“ß§à“ F ·≈– BG §«“¡ —¡æ—π∏å¢Õß°“√∑¥ Õ∫·≈–
glycosylation index  (μ“√“ß∑’Ë 1)

°“√·∫àß§«“¡√ÿπ·√ß∑’Ë‰μ
§π‰¢â‡∫“À«“π™π‘¥∑’Ë 2 „π°“√»÷°…“§√—Èßπ’È‰¥â·∫àß‡ªìπ

3 °≈ÿà¡μ“¡æ¬“∏‘ ¿“æ∑’Ë‰μ §◊Õ °≈ÿà¡∑’Ë‰μ∑”ß“πª°μ‘
(no nephropathy; normal) ‡ªìπ°≈ÿà¡∑’Ë¡’°“√∑”ß“π¢Õß‰μª°μ‘
√–¥—∫Õ—≈∫Ÿ¡‘π„πªí  “«–πâÕ¬°«à“ 13. 89 mg/24-h urine
À√◊Õ < 17.9 mg/g Cr „πªí  “«–∑’Ë‡°Á∫·∫∫ ÿà¡ (spot urine)
°≈ÿà¡∑’Ë Õß §◊Õ°≈ÿà¡Õ—≈∫Ÿ¡‘π∂Ÿ°¢—∫ÕÕ°¡“„πªí  “«–‡≈Á°πâÕ¬
(microalbuminuria; MAU)  æ∫√–¥—∫Õ—≈∫Ÿ¡‘π„πªí  “«–√–À«à“ß
13.89-138.89 mg/24-h urine À√◊Õ 17.9- 179 mg/g Cr
„πªí  “«–∑’Ë‡°Á∫·∫∫ ÿà¡ ·≈–°≈ÿà¡ ÿ¥∑â“¬‡ªìπ°≈ÿà¡∑’Ë¡’√–¥—∫
Õ—≈∫Ÿ¡‘π„πªí  “«–√–À«à“ß > 138  mg/24-h urine À√◊Õ > 179
mg/g Cr „πªí  “«–∑’Ë‡°Á∫·∫∫ ÿà¡∂◊Õ‡ªìπ°≈ÿà¡ advanced
nephropathy (AN)

 ∂‘μ‘∑’Ë„™â„π°“√»÷°…“
¢âÕ¡Ÿ≈∑’Ë· ¥ß„π°“√»÷°…“‡ªìπ§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π

¡“μ√∞“π (mean+SD) °“√«‘‡§√“–Àå§«“¡·ª√ª√«π¢Õß
μ—«·ª√∑—Èß “¡°≈ÿà¡„™â ∂‘μ‘ ANOVA ‚¥¬°”Àπ¥§à“π—¬ ”§—≠
∑’Ë P < 0.05 °“√À“§à“§«“¡ —¡æ—π∏å„™â Pearsonûs correlation

Table 1  Glycosylation index ∑’Ë§”π«≥®“°§à“ HbA
1C
, F, and BG

Glycosylation index Derived predicted Regression equation r
GG HbA

1C
 & F HbA

1c
 = 0.0195F + 2.459 0.79

(Observed  HbA
1C
 - Predicted HbA

1C
)

HGI HbA
1C
 & BG HbA

1C
 = 0.024BG + 4.82 0.50

(Observed  HbA
1C
 - Predicted HbA

1C
)

FGI F & BG F = 0.78BG + 177 0.41
(Observed F - Predicted F)

BG = blood glucose; HbA
1C
 = hemoglobin A

1C
; F = fructosamine; GG = Glycosylation Gap;

HGI = hemoglobin glycation index; FGI = fructosamine glycation index
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•æ‘¡æå¿“ √“™¢«—≠ ·≈–§≥– Pimpa Ratchawan, et al.

º≈°“√»÷°…“

º≈°“√»÷°…“„π§π‰¢â 104 √“¬ æ∫«à“°≈ÿà¡μ—«Õ¬à“ß¡’Õ“¬ÿ
√–À«à“ß 29-80 ªï (‡©≈’Ë¬ 59 ªï) ‡ªìπ‡∫“À«“πμ—Èß·μà 3-18 ªï
(‡©≈’Ë¬ 10 ªï) √–¥—∫πÈ”μ“≈„π‡≈◊Õ¥√–À«à“ß 3-14.5 mmol/L ‡©≈’Ë¬
‡∑à“°—∫ 7.0 mmol/L √–¥—∫ø√ÿ°‚μ´“¡’πæ∫‰¥âμ—Èß·μà 161-529
μmol/L ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 279 μmol/L ·≈–¡’ HbA

1C
 √–À«à“ß

5.1-12.7% ¡’§à“‡©≈’Ë¬‡∑à“°—∫ 7.9%   à«πμ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ
æ∫«à“ FGI ¡’§à“‡©≈’Ë¬‡∑à“°—∫ -0.21+63, HGI ¡’§à“‡©≈’Ë¬ -0.23+
(-0.51)  à«π GG ¡’§à“‡©≈’Ë¬ 0.00+1.06 (μ“√“ß∑’Ë 2)

‡¡◊ËÕ«‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ßμ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ
·≈–°“√μ√«®«—¥√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥ (BG) √–¥—∫ø√ÿ°‚μ´“¡’π
(F) ·≈–√–¥—∫ HbA

1C
 æ∫«à“ BG ¡’§«“¡ —¡æ—π∏åμË”°—∫√–¥—∫

GG (r = 0.301) ·≈–‰¡àæ∫§«“¡ —¡æ—π∏å√–À«à“ß BG °—∫ HGI
·≈– FGI  à«π§«“¡ —¡æ—π∏å¢Õß HbA

1C
 π—Èπæ∫«à“ HbA

1C
 ¡’§«“¡

 —¡æ—π∏å°—π¥’°—∫§à“ HGI (r = 0.859) ·≈–¡’§«“¡ —¡æ—π∏åª“π°≈“ß
°—∫§à“ GG (r = 0.608)  à«π§«“¡ —¡æ—π∏å√–À«à“ß§à“ F
·≈–μ—«™’È«—¥Õ◊ËπÊ π—Èπæ∫«à“ F ¡’§«“¡ —¡æ—π∏å Ÿß°—∫§à“ FGI
(r = 0.911)  à«π§à“(μ“√“ß∑’Ë 3)

Table 2  Descriptive characteristics of study population (n = 104)

Mean+SD
All No nephropathy Microalbuminuria Advanced nephropathy

Number (male/female)
Age (year)
DM duration (year)
Blood glucose (μmol/L)
Fructosamine (Fmol/L)
HbA

1C
 (%)

FGI
HGI
GG

104 (37/67)
59+10

10.0+3.0
7.0+1.9
279+69
7.9+1.7
-0.21+63

-0.23+-0.51
-0.00+1.06

57
58.0+10
10.1+1.2
6.7+1.9
271+73
7.6+1.7
-3.4+70

-0.14+1.57
-1.03+1.06

29
61.9+1.2
10.7+3.09
7.2+1.6
277+52
7.7+1.4
-3.9+47

-0.24+1.1
-1.23+1.

18
58.05+8.0
10.2+2.4
8.0+2.3†

310+80†

9.0+1.8†‡

3.0+62
0.7+1.5†‡

0.55+0.8†‡

GG = Glycosylation Gap; HGI = hemoglobin glycation index; FGI = fructosamine glycation index
Value shown as mean+SD. † Significant different from no nephropathy at p < 0.05 ‡ Significant different from microalbuminuria at p < 0.05

Variables

Table 3  Results of correlation analysis between variables (n = 104)

Variables HGI GI GG F HbA
1C

BG r = 0.005 r = 0.001 r = 0.301 r = 0.411 r = 0.509
P = 0.963 P = 0.99 P = 0.002 P < 0.01 P < 0.01

HbA
1C

r = 0.859 r = 0.042 r = 0.608 r = 0.795
P < 0.01 P < 0.01 P < 0.01 P < 0.01

F r = 0.678 r = 0.9112 r = 0.001
P < 0.01 P < 0.01 P = 0.992

GG r = 0.527 r = -0.134
P < 0.01 P = 0.174

FGI r = 0.746 P < 0.01
r is Pearsonûs correlation coefficient, P is the probability level.
Correlation is significant at the 0.01 level (2-tailed)
BG = blood glucose; HbA

1C
 = hemoglobin A

1C
; F = fructosamine; GG = glycosylation gap;

HGI = hemoglobin glycation index; FGI = fructosamine glycation index
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Glycosylation Index in Type 2 Diabetic Patients with Nephropathy•°“√»÷°…“μ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ„πºŸâªÉ«¬‡∫“À«“π™π‘¥∑’Ë 2

‡¡◊ËÕ·¬°μ—«Õ¬à“ß‡ªìπ 3 °≈ÿà¡μ“¡√–¥—∫Õ—≈∫Ÿ¡‘π„πªí  “«–
‡ªìπ°≈ÿà¡ no nephropathy, microalbuminuria ·≈– macroalbumi-
nuria ‚¥¬¡’®”π«πμ—«Õ¬à“ß 57, 29 ·≈– 18 √“¬ μ“¡≈”¥—∫
(μ“√“ß∑’Ë 3) ·μà≈–°≈ÿà¡‡ªìπ‡∫“À«“π‡©≈’Ë¬ 10 ªï  ‚¥¬æ∫«à“
√–¥—∫ BG ·≈– F „π°≈ÿà¡ advanced nephropathy ¡’§à“μà“ß
®“°°≈ÿà¡ no nephropathy Õ¬à“ß¡’π—¬ ”§—≠ (P <0.05)   à«π
√–¥—∫ HbA

1C
 ·μà≈–°≈ÿà¡¡’§à“‡©≈’Ë¬‡∑à“°—∫ 7.6, 7.7 ·≈– 9.0%

μ“¡≈”¥—∫ ·≈–√–¥—∫ HbA
1C
 „π°≈ÿà¡ advanced nephropathy

·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠®“°°≈ÿà¡ microalbuminuria  (P <0.05)
·≈–°≈ÿà¡ no nephropathy (P <0.05)

 à«πº≈°“√»÷°…“√–¥—∫μ—«∫àß™’È‰°≈‚§ ’́‡≈™—Ëπ·≈–°“√‡°‘¥
‚√§·∑√°´âÕπ∑’Ë‰μæ∫«à“ √–¥—∫ GG „π°≈ÿà¡ no nephropathy,
microalbuminuria ·≈– advanced nephropathy ¡’§à“‡∑à“°—∫ -
1.03(1.06), -1.23(1.0) ·≈– 0.55(0.8) μ“¡≈”¥—∫   à«π§à“ HGI
∑—Èß “¡°≈ÿà¡¡’§à“‡∑à“°—∫ -0.14(1.57), -0.24(1.1), ·≈– 0.7(1.5)
·≈–æ∫«à“ GG ·≈– HGI „π°≈ÿà¡ advanced nephropathy
·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠®“°°≈ÿà¡ no nephropathy ·≈–
microalbuminuria  (P <0.05)  ·μà‰¡àæ∫§«“¡·μ°μà“ß¥—ß°≈à“«
‡¡◊ËÕ„™â§à“ FGI ´÷Ëß¡’§à“‡∑à“°—∫ -3.4(70), -3.90(47), 3.0(62)
μ“¡≈”¥—∫ (μ“√“ß∑’Ë 3)

«‘®“√≥å

®“°°“√»÷°…“ Diabetes Control and Complication Trial
(DCCT) √“¬ß“π«à“§«“¡‡ ’Ë¬ßμàÕ°“√‡°‘¥‚√§·∑√°´âÕπ„π§π‰¢â
‡∫“À«“π —¡æ—π∏å°—∫°“√¡’√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥ Ÿß‡ªìπ‡«≈“π“π
°“√√—°…“√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥„ÀâÕ¬Ÿà„π™à«ß§à“ª°μ‘ “¡“√∂
ªÑÕß°—π°“√‡°‘¥‚√§·∑√°´âÕπ∑’ËÀ≈Õ¥‡≈◊Õ¥¢π“¥‡≈Á°‰¥â7

°“√μ‘¥μ“¡°“√§«∫§ÿ¡√–¥—∫πÈ”μ“≈¡—°ª√–‡¡‘π®“°º≈°“√
μ√«®«—¥∑“ßÀâÕßªØ‘∫—μ‘°“√ ‰¥â·°à  °“√μ√«®«—¥√–¥—∫πÈ”μ“≈
°“√μ√«®«—¥ø√ÿ°‚μ´“¡’π (‰°≈‡§μ‚ª√μ’π)  ·≈–°“√μ√«®«—¥
HbA

1C
 (‰°≈‡§μŒ’‚¡‚°≈∫‘π) ·≈–®“°º≈°“√»÷°…“∑’Ëºà“π¡“

æ∫«à“√–¥—∫ HbA
1C
 ¡’§«“¡ —¡æ—π∏å°—∫§à“‡©≈’Ë¬πÈ”μ“≈„π‡≈◊Õ¥

·≈–ø√ÿ°‚μ´“¡’π9 πÕ°®“°π’Èæ∫«à“√–¥—∫ HbA
1C
 ¡’§«“¡ —¡æ—π∏å

°—∫°“√§«∫§ÿ¡√–¥—∫πÈ”μ“≈·≈–‚√§·∑√°´âÕπ∑’ËÀ≈Õ¥‡≈◊Õ¥
¢π“¥‡≈Á°‰¥â¥’°«à“°“√μ√«®«—¥πÈ”μ“≈„π‡≈◊Õ¥·≈–°“√μ√«®
«—¥ø√ÿ°‚μ´“¡’π ¥—ßπ—Èπ°“√μ√«®«—¥ HbA

1C
 ®÷ß‡ªìπ°“√μ√«®«—¥

„πß“πª√–®”‡æ◊ËÕμ‘¥μ“¡°“√§«∫§ÿ¡√–¥—∫πÈ”μ“≈„π§π‰¢â
‡∫“À«“π

∂÷ß·¡â¡’√“¬ß“π§«“¡ —¡æ—π∏å√–À«à“ß§à“ HbA
1C
, √–¥—∫

πÈ”μ“≈„π‡≈◊Õ¥ ·≈–ø√ÿ°‚μ´“¡’π¡“°àÕπÀπâ“π’È ·μà„π°“√
»÷°…“π’È„π°≈ÿà¡μ—«Õ¬à“ß∑—Èß 104 √“¬ æ∫«à“ HbA

1C
 ¡’§«“¡

 —¡æ—π∏å·∫∫ª“π°≈“ß°—∫√–¥—∫πÈ”μ“≈„π‡≈◊Õ¥ (r = 0.50) ́ ÷Ëß
μË”°«à“°“√»÷°…“¢Õß Chalaw ·≈–§≥–6 ∑’Ë¡’§à“ r = 0.68 ·μà

¡’§«“¡ —¡æ—π∏å√–¥—∫¥’°—∫ø√ÿ°‚μ´“¡’π (r = 0.79) §à“§«“¡
 —¡æ—π∏å√–À«à“ß HbA

1C
 ·≈–ø√ÿ°‚μ´“¡’π„π°“√»÷°…“π’È„°≈â‡§’¬ß

°—∫∑’Ëæ∫„π§π‰¢â‡∫“À«“π™π‘¥∑’Ë 1 ∑’Ë¡’§à“ r = 0.70 „π°“√»÷°…“
‡¥’¬«°—π6 °“√æ∫§«“¡ —¡æ—π∏å√–À«à“ßπÈ”μ“≈ ø√ÿ°‚μ´“¡’π
·≈– HbA

1C
 ‡π◊ËÕß®“°πÈ”μ“≈·≈–·≈–ø√ÿ°‚μ´“¡’π´÷Ëß‡ªìπ

‰°≈‡§μ‚ª√μ’π‡°‘¥¢÷Èπ∑’ËπÕ°‡´≈≈å ¥—ßπ—Èπ°“√μ√«®«—¥ Õß°“√
∑¥ Õ∫ “¡“√∂∫Õ°√–¥—∫πÈ”μ“≈πÕ°‡´≈≈å‰¥â   à«π HbA

1C

´÷Ëß‡ªìπ‰°≈‡§μŒ’‚¡‚°≈∫‘π∑’Ë‡°‘¥¢÷Èπ¿“¬„π‡´≈≈å °“√μ√«®«—¥
√–¥—∫ HbA

1C
 ®÷ß‡ ¡◊Õπ°“√∫Õ°√–¥—∫πÈ”μ“≈∑’Ë‡°‘¥¢÷Èπ¿“¬„π

‡´≈≈å ·μà‡π◊ËÕß®“° HbA
1C
 ‡°‘¥®“°°“√‡§≈◊ËÕπºà“π¢ÕßπÈ”μ“≈

πÕ°‡´≈≈å‡¢â“ Ÿà„π‡´≈≈å ‡°‘¥ªØ‘°‘√‘¬“®—∫°—∫Œ’‚¡‚°≈∫‘π‡ªìπ
HbA

1C
 ‡¡◊ËÕ¥Ÿμ“¡≈”¥—∫¢—ÈπμÕπ°“√‡°‘¥ªØ‘°‘√‘¬“·≈â«æ∫«à“

¡’ªí®®—¬À≈“¬Õ¬à“ß∑’Ë¡’º≈μàÕ°“√‡°‘¥‰°≈‡§μŒ’‚¡‚°≈∫‘π
Hempe ·≈–§≥–2 ‰¥âæ¬“¬“¡Õ∏‘∫“¬°“√§«∫§ÿ¡√–¥—∫

πÈ”μ“≈‚¥¬„™â°“√§”π«≥∑“ß ∂‘μ‘∫πæ◊Èπ∞“π°“√μ√«®«—¥
 “¡°“√∑¥ Õ∫∑’Ë¡’„πÀâÕßªØ‘∫—μ‘°“√‡æ◊ËÕ∑”π“¬§«“¡
·ª√ª√«π°“√§«∫§ÿ¡√–¥—∫πÈ”μ“≈¢Õß§π‰¢â‚¥¬‡√’¬°°“√
§”π«≥∑’Ë‰¥â«à“ glycosylation index „π∑’Ëπ’È‡√’¬°«à“ μ—«∫àß™’È
‰°≈‚§ ’́‡≈™—Ëπ §«“¡·μ°μà“ß¢Õß√–¥—∫ HbA

1C
 ¢Õß§π‰¢â·μà≈–

√“¬®“°√–¥—∫πÈ”μ“≈§à“‡¥’¬«°—π‡√’¬°«à“ HGI §«“¡·μ°μà“ß
¢Õß√–¥—∫ø√ÿ°‚μ´“¡’π∑’Ë¡’√–¥—∫πÈ”μ“≈§à“‡¥’¬«°—π‡√’¬°«à“  FGI
 à«π§«“¡·μ°μà“ß¢Õß√–¥—∫ HbA

1C
 ∑’Ë¡’§à“ø√ÿ°‚μ´“¡’π‡¥’¬«°—π

‡√’¬°«à“ GG ®“°º≈°“√»÷°…“π’È®–‡ÀÁπ«à“ HbA
1C
 ¡’§«“¡ —¡æ—π∏å

°—π¥’°—∫ HGI (r = 0.85) ¡’§«“¡ —¡æ—π∏å·∫∫ª“π°≈“ß°—∫  GG
(r = 0.60) ·≈–¡’§«“¡ —¡æ—π∏åμË”¡“°°—∫ FGI (r = 0.04) ́ ÷Ëß§à“
§«“¡ —¡æ—π∏åπ’È„°≈â‡§’¬ß°—∫∑’Ë¡’„π√“¬ß“π¢Õß Chalaw
·≈–§≥–6 §«“¡·μ°μà“ß¢Õßμ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ®÷ß‡ª√’¬∫
‡ ¡◊Õπ°“√∫Õ°§«“¡·μ°μà“ß√–¥—∫πÈ”μ“≈¿“¬„π·≈–¿“¬πÕ°
‡´≈≈å ́ ÷Ëßæ∫«à“¡’ªí®®—¬À≈“¬Õ¬à“ß∑’Ë¡’º≈μàÕ°“√‡°‘¥‰°≈‚§´’‡≈™—Ëπ
‡™àπ ‰°≈‚§‰≈μ‘°‡Õπ‰´¡å  pH „π‡´≈≈å3 ·μà®“°°“√»÷°…“¢Õß
Cohen ·≈–§≥–12 æ∫«à“≈—°…≥–∑“ßæ—π∏ÿ°√√¡μàÕªí®®—¬∑’Ë
‡°‘¥¢÷Èπ„π‡´≈≈å ‡™àπ  Õ“¬ÿ¢Õß‡¡Á¥‡≈◊Õ¥·¥ß °“√‡°‘¥ªØ‘°‘√‘¬“
‰°≈‡§™—Ëπ‚¥¬‰¡à„™â‡Õπ‰´¡å ¡’º≈μàÕ°“√‡°‘¥‰°≈‚§´’‡≈™—Ëπ
¡“°°«à“ªí®®—¬πÕ°‡´≈≈å

„π°“√»÷°…“§√—Èßπ’È‰¥â«‘‡§√“–Àå§«“¡ —¡æ—π∏å¢Õßμ—«∫àß™’È
‰°≈‚§´’‡≈™—Ëπ·≈–°“√‡°‘¥æ¬“∏‘ ¿“æ∑’Ë‰μ∑’Ëª√–‡¡‘π®“°√–¥—∫
Õ—≈∫Ÿ¡‘π∑’Ë∂Ÿ°¢—∫ÕÕ°∑“ßªí  “«– (albuminuria) º≈°“√»÷°…“
æ∫«à“ GG ·≈– HGI „π°≈ÿà¡ advanced nephropathy ¡’§à“
·μ°μà“ß®“°°≈ÿà¡ no nephropathy ·≈– microalbuminuria ‚¥¬
æ∫«à“§à“ GG ∑—Èß “¡°≈ÿà¡¡’§à“‡©≈’Ë¬‡∑à“°—∫ 0.55+0.8, -1.03+
1.06 ·≈– -1.23+1.0 μ“¡≈”¥—∫  à«π§à“ HGI ∑—Èß “¡°≈ÿà¡¡’
§à“‡∑à“°—∫ 0.7+1.5, -0.14+1.57 ·≈– -0.24+1.1 μ“¡≈”¥—∫ ‡¡◊ËÕ
æ‘®“√≥“√Ÿª§à“¢Õß§à“ GG ·≈– HGI ∑—Èß “¡°≈ÿà¡‡ª√’¬∫‡∑’¬∫
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°—π®–‡ÀÁπ«à“‡¡◊ËÕ§«“¡√ÿπ·√ß¢Õß‚√§‡æ‘Ë¡¢÷Èπ§à“ GG ·≈– HGI
¡’§à“‡ªìπ∫«° ´÷ËßÀ¡“¬§«“¡«à“ HbA

1C
 ∑’Ë‰¥â®“°°“√μ√«®«—¥

(observed value) ¡’§à“¡“°°«à“§à“∑’Ë‰¥â®“°°“√§”π«≥
(predicted value) ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“§à“ HbA

1C
 ¢Õß§π‰¢â°≈ÿà¡

advanced nephropathy §àÕπ¢â“ß®–Àà“ß®“°°≈ÿà¡„À≠à‡¡◊ËÕ§‘¥
∫πæ◊Èπ∞“π®“°√–¥—∫ø√ÿ°‚μ´“¡’π‡∑à“°—π (GG) ·≈–√–¥—∫
πÈ”μ“≈‡∑à“°—π (HGI) ´÷ËßÀ¡“¬§«“¡«à“‡¡◊ËÕ GG ·≈– HGI
¡’§à“‰ª∑“ß∫«°§π‰¢â¡’§«“¡‡ ’Ë¬ßμàÕ°“√‡°‘¥‚√§·∑√°´âÕπ
∑’Ë‰μ‡æ‘Ë¡¢÷Èπ ¢âÕ¡Ÿ≈∑’Ë‰¥â· ¥ß„Àâ‡ÀÁπ«à“§à“§à“ HbA

1C
 ∑’Ëμ√«®«—¥

¢Õß°≈ÿà¡∑’Ë¡’‚√§·∑√°´âÕπ∑’Ë‰μ√ÿπ·√ß¡’§à“μà“ß®“°§à“ HbA
1C

¢Õß°≈ÿà¡¡“°  à«π§à“ FGI π—Èπæ∫«à“‡¡◊ËÕ§à“∑’Ë‰¥â∑—Èß “¡°≈ÿà¡
¡’·π«‚πâ¡‡À¡◊Õπ∑’Ëæ∫„π GG ·≈– HGI §◊Õ æ∫ FGI ¡’§à“‡ªìπ
∫«°„π°≈ÿà¡ advanced nephropathy ·μà‰¡àæ∫§«“¡·μ°μà“ß
¢Õß FGI √–À«à“ß “¡°≈ÿà¡μ—«Õ¬à“ßπ’È ´÷Ëßº≈°“√»÷°…“π’È· ¥ß
„Àâ‡ÀÁπ«à“√–¥—∫ø√ÿ°‚μ´“¡’π∑’Ë§‘¥®“°√–¥—∫πÈ”μ“≈§à“‡¥’¬«°—π
„π°≈ÿà¡∑’Ë¡’æ¬“∏‘ ¿“æ∑’Ë‰μμà“ß°—π¡’§à“‰¡àμà“ß°—π

‡π◊ËÕß®“° GG ·≈– HGI ¡’§à“‡æ‘Ë¡¢÷Èπ„π°≈ÿà¡ advanced
nephropathy ́ ÷Ëß Õ¥§≈âÕß°—∫√–¥—∫ HbA

1C
 ∑’Ëæ∫«à“¡’§à“‡æ‘Ë¡¢÷Èπ

‡¡◊ËÕ§«“¡√ÿπ·√ß¢Õß‚√§‡æ‘Ë¡¢÷Èπ‚¥¬¡’§à“‡∑à“°—∫ 7.6+1.7, 7.7+
1.4, ·≈– 9.0+1.8 „π°≈ÿà¡ no nephropathy, microalbuminuria
·≈– advanced nephropathy μ“¡≈”¥—∫ ·≈–º≈°“√«‘‡§√“–Àå
§«“¡·μ°μà“ß¢Õß HbA

1C
 æ∫«à“„π°≈ÿà¡ advanced nephropathy

¡’§à“μà“ß®“°°≈ÿà¡ no nephropathy ·≈–microalbuminuria
Õ¬à“ß¡’π—¬ ”§—≠ (P< 0.05) ´÷Ëß„Àâº≈‡À¡◊Õπ°—∫ GG ·≈– HGI
°“√∑’Ëº≈°“√»÷°…“‡À¡◊Õπ°—πÕ“®Õ∏‘∫“¬‰¥â«à“°“√§”π«≥§à“
GG ·≈– HGI §”π«≥®“°§à“ HbA

1C
 ¥—ßπ—Èπ  GG ·≈– HGI

∂Ÿ°·∑π∑’Ë¥â«¬§à“ HbA
1C
 ‡¡◊ËÕ‡æ‘Ë¡¢÷Èπ®÷ß‡ªìπº≈„Àâ  GG ·≈– HGI

‡æ‘Ë¡¢÷Èπ ®“°°“√»÷°…“¢Õß Lachin ·≈–§≥–13 æ∫«à“μ—«∫àß™’È
‰°≈‚§´’‡≈™—Ëπ‰¡à„™àμ—«·ª√Õ‘ √–‡æ◊ËÕ∑”π“¬§«“¡‡ ’Ë¬ß°“√‡°‘¥
‚√§·∑√° ấÕπ∑’ËÀ≈Õ¥‡≈◊Õ¥¢π“¥‡≈Á° ́ ÷Ëß‡ªìπ∑’Ëπà“ π„®«à“ GG
·≈– HGI ‡ªìπμ—«·ª√Õ‘ √–‡æ◊ËÕ∑”π“¬§«“¡‡ ’Ë¬ß°“√‡°‘¥‚√§
∑’Ë‰μ¥â«¬À√◊Õ‰¡à Õ¬à“ß‰√°Áμ“¡º≈°“√»÷°…“π’Èæ∫«à“ GG ·≈–
HGI ¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡√ÿπ·√ß¢Õß‚√§‡æ‘Ë¡¢÷Èπ

°“√§”π«≥‚¥¬„™â§à“μ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ‚¥¬„™â§à“ GG
·≈– HGI ‡ªìπμ—«∫àß™’È§«“¡·ª√ª√«π°“√§«∫§ÿ¡√–¥—∫πÈ”μ“≈
«‘∏’Àπ÷Ëß ¥—ßπ—Èπ®÷ß‡ªìπ∑’Ëπà“ π„®«à“§à“ GG ·≈– HGI „π§πª°μ‘
¡’§à“μà“ß°—πÀ√◊Õ‰¡à Õ¬à“ß‰√ ¢âÕ¡Ÿ≈∑’Ë‰¥âÕ“®„™âÕ∏‘∫“¬°“√‡°‘¥
‰°≈‡§μŒ’‚¡‚°≈∫‘π„π‡´≈≈å·≈–°“√‡°‘¥‰°≈‡§μ‚ª√μ’ππÕ°
‡´≈≈å‰¥â

„π°“√»÷°…“§√—Èßπ’È¡’¢âÕ®”°—¥°“√»÷°…“∂÷ß·¡â«à“ DCCT
·π–π”„Àâ‡°Á∫¢âÕ¡Ÿ≈‚¥¬„™â§à“‡©≈’Ë¬√–¥—∫πÈ”μ“≈‡æ◊ËÕ∫Õ°
°“√§«∫§ÿ¡√–¥—∫πÈ”μ“≈ ·≈–≈¥§«“¡·ª√ª√«π ·μà„π°“√

»÷°…“π’È‡ªìπ°“√»÷°…“·∫∫μ—¥¢«“ß (cross-sectional study)
∑’Ë‡°Á∫¢âÕ¡Ÿ≈®“°§π‰¢â‡æ’¬ß§√—Èß‡¥’¬« ¥—ßπ—Èπ√–¥—∫πÈ”μ“≈∑’Ë‰¥â
®“°°“√μ√«®«—¥§√—Èß‡¥’¬«Õ“®¡’§à“μà“ß®“°º≈°“√μ√«®«—¥
∑’Ë‰¥â®“°°“√μ√«®«—¥À≈“¬§√—Èß√«¡°—π ª√–°“√∑’Ë Õß ‡√◊ËÕß
®”π«πμ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“„π°≈ÿà¡ microalbuminuria
∑’Ë¡’ 29 √“¬ ·≈–°≈ÿà¡ advanced nephropathy ∑’Ë¡’‡æ’¬ß 18 √“¬
®”π«πμ—«Õ¬à“ß∑’ËπâÕ¬·≈–‰¡à‡∑à“°—π„π·μà≈–°≈ÿà¡Õ“®‡ªìπº≈
„Àâ§à“∑’Ë‰¥â¡’§«“¡‚πâ¡‡Õ’¬ß‰ª¥â“π„¥¥â“πÀπ÷Ëß Õ¬à“ß‰√°Áμ“¡
„π°“√»÷°…“§√—Èßπ’È‰¥â§—¥‡≈◊Õ°μ—«Õ¬à“ß·∫∫ ÿà¡‡æ◊ËÕ≈¥Õ§μ‘
μàÕ°“√‡≈◊Õ°μ—«Õ¬à“ß

 √ÿª·≈–¢âÕ‡ πÕ·π–

®“°°“√»÷°…“æ∫«à“ GG ·≈– HGI ¡’§à“‡æ‘Ë¡¢÷Èπμ“¡
§«“¡√ÿπ·√ß¢Õßæ¬“∏‘ ¿“æ∑’Ë‰μ Õ¥§≈âÕß°—∫√–¥—∫ HbA

1C

∑’Ë‡æ‘Ë¡¢÷Èπ‡π◊ËÕß®“°∂Ÿ°·∑π∑’Ë¥â«¬§à“ HbA
1C
 ·≈–°“√∑’Ë GG ·≈–

HGI ¡’§à“‰ª‡ªìπ∫«°· ¥ß„Àâ‡ÀÁπ«à“°≈ÿà¡∑’Ë¡’§«“¡√ÿπ·√ß¢Õß
‚√§¡’§à“ HbA

1C
 ∑’Ë‰¥â®“°°“√μ√«®«—¥μà“ß‰ª®“° HbA

1C
 ¢Õß

°≈ÿà¡μ—«Õ¬à“ß∑’Ë§‘¥®“°√–¥—∫πÈ”μ“≈·≈–ø√ÿ°μ“¡’π§à“‡¥’¬«°—π
Õ¬à“ß‰√°Áμ“¡„π°“√»÷°…“π’È‰¥â·∫àß°≈ÿà¡μ—«Õ¬à“ßμ“¡√–¥—∫
Õ—≈∫Ÿ¡‘π„πªí  “«–·≈â«®÷ßæ‘®“√≥“§à“μ—«∫àß™’È‰°≈‚§´’‡≈™—Ëπ
¢Õß·μà≈–°≈ÿà¡ ·μà§«√‰¥â¡’°“√»÷°…“‡æ‘Ë¡«à“À“°π”§à“ GG ·≈–
HGI ∑’Ë‰¥â¡“„™â·∫àß°≈ÿà¡μ“¡§«“¡√ÿπ·√ß¢Õß‚√§‰¥âÀ√◊Õ‰¡à

°‘μμ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥§≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
∑’Ë π—∫ πÿπ∑ÿπ°“√»÷°…“„π§√—Èßπ’È ¢Õ¢Õ∫§ÿ≥ÀâÕßªØ‘∫—μ‘°“√
‚√ßæ¬“∫“≈æÿ∑∏™‘≥√“™ ®—ßÀ«—¥æ‘…≥ÿ‚≈°∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå
μ—«Õ¬à“ß„π°“√»÷°…“
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