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Suil 30 Aueneu w.a. 2568) Toyailalumsisziiu
Usznaumlg 571801505ALH MR Adiin
PUIY 21 1AM leguaarsIEnIsinIsnagau
NINVANAMMN 3 SzaUANNINTY (Level 1, 2
waz 3) MmldAadugadeyadimiunmsitaszy
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(LDH), albumin, alanine aminotransferase
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NNFIUTBYa biological variation WIBUUINNBA
European Federation of Clinical Chemistry and

Laboratory Medicine (EFLM) @MN@NNHANIZEN

MTIATLHNNEDH (Statistical Analysis)
msﬁwmmhé’hLtﬂiﬁugmmaaaawmuﬁias
FENTIANHIULADZIZTAUANI NI NTUADIEN
AIUANAMMN Usznauaig MsUsziiumay
Taitiies (Imprecision) 1u§ﬂwaqé’l’uﬂi:§w’§mm
wisususasaz (%CV) %ﬁﬁwuammﬂmamsmuqu
aumwmely IQC) Meluazan 6 Loy FaFumsh 2

%CV = (SD/Mean) x 100 (2)

Amenuliwiy (Inaccuracy) Usziiulugy
YRIMANNLDULBENSDERE (%Bias) lasuanamuln
1 %Bias 30 2 uMaLBYS GENMITN 3 WAL 4

%Bias (Peer) = [(Mean of Lab - Mean of
peer group)/Mean of peer group] x 100 (3)

%Bias (EQA) = [(Mean of Lab - Target Value
of EQA) 7 Target Value of EQA] x 100 (4)

inasinNAaIaLeaauisansule (TEa)
29BN UANINIFIUMN CLIA 2025 Wunan
dmFunemsitlifiszylunasi CLIA azlddaya
NNPUTaYaANNWUIUTIUMEINMN (Biological
Variation) %38uuInN2a9 EFLM (European
Federation of Clinical Chemistry and Laboratory
Medicine) muaNNnazan? msUssiiiuseau
FUSTOULBOIATIEMITEAUTNIN (Sigma metrics)
GaaNIN 5

Sigma Metric = (%TEa - | %Bias|)/%CV  (5)
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(Marginal, Sigma 3 89 <4) uazszauilisaniu
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amJagmﬁ'uéi'uoi”mm‘mmaa‘ummanmeaqﬁaga
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UONeBBIAMIAAY Sigma metrics 5L EATDYE
Sigma Peer uaz Sigma EQA ¢maddd paired
*t*—test UazdIMSUMIUSLNUTEAUANNTDAA DY
(agreement) YaeMIERuBNINNIFRIUas (Banld
06 Intraclass Correlation Coefficient (ICC)
Wuu Two-way mixed-effects model 538U
goaduUszansanduiusyauiNasdu (Pearson
correlation coefficient, r) Iﬂﬂﬁﬁwuﬂigﬁuﬂ'ﬂﬁﬂﬁm

NNEDAN p < 0.05
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@I NETRIM DR aIMuAiagin 21 MEN3
Tu 3 szduanuENTUSNIAIVANAUMN (3IN 63 20
doya) Taasndunamianuamaniauiisaniuld
(TEa) 9n3nas5u CLIA 2025 wuhgadaya
Saway 58.73 Nanssousaglussdudidaniuly
(Sigma = 5) laguvaduszdy World Class

Normalized Si

100

o
o
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Normaized Inaccuracy (%Bbal /% TEa)

3

ma-metric Method Decision Chart Tem

(Sigma > 6) MNUIU 27 YTBYD (308 42.86) UdE
50U Excellent (Sigma 5 84 < 6) 31U 10 7020y
(Sp88% 15.87) 1uwmz*?inajuamsnumzé’u Good
(Sigma 4 84 < 5) WU 7 YAYBYS (3D8FL 11.11)
50U Marginal (Sigma 3 84 < 4) MUY 6 ZOYDY
(Se8az 9.52) Wazs¢aU Unacceptable (Sigma < 3)
WUNUIU 13 ¥AdBYD (SDEDE 20.64) wniieasn
flanss0uLsEeU World Class ASUN 3 SedUaMY
wngy lewn potassium, triglycerides, chloride
1az calcium MINTTNYMIVNNNATHITOUL AIULTFAN
Tumuit 1 FeaziBaam %CV, %Bias uazszau
Sigma 209UAaTIEMS GIUFAlUMITNN 1 uaz
F3UNUIUNEMIUENAINILAUTNTTOUE AIUTO
Tugmsadl 2

late

I World Class (26 Sigma)
[ Excellent (5-6 Sigma)

| Good (4-5 Sigma)
[ Marginal (3-4 Sigma)

30 50

Normalized Imprecision (%CV / % TEa)

MWN 1 Normalized Sigma-metric method decision chart WEMFNIIOULBNIAOTILHVDITINTNTI

AATzEMeiadin M 21 H1ems TluasmuaNAMWNg 3 szauanNLNgy (Level 1, 2

waz 3) lagdszfivanamanueuldes (%Bias) ueenauildauiisu (peer group) waw

sndunamianueaaedauisansule (TEa) muanasgiu CLIA 2025
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i ' a 1w a £ o
M3199 1 Awdgadnlseandsanuudsunu (»CV) zasasmuanaumumeluszau 1, 2 uaz 3
AMaNUaUDIN (%Bias) wazaRdeIzAUTNN (Sigma) NUIAUINUKEN peer group WaZ
EQA wisuifisununamianasgiu CLIA 2025 @m5UNamMsnadlaszd 21U 21 9189

%CV  %CV %CV %Bias %Bias Sigma Sigma TEa
Parameter
L1 L2 L3 (peer group) (EQA) Peer EQA (CLIA 2025)

Albumin 2.47 2.08 2.16 -3.06 -0.29 2.23 3.47 8
Alkaline Phosphatase 5.3 3.12  3.16 8.95 3.04 3.03 4.67 20

ALT (ALAT/GPT) 2.75  2.19  2.18 -0.6 0.21 6.12 6.31 15

AST (ASAT/GOT) 2.06 1.94 1.71 1.74 2.38 7.04 6.67 15
Bilirubin, Total/TBIL  6.46 2.35 1.73 1.53 -0.14 7.08 7.67 20
Calcium 1.36 1.19  1.17 0.52 0.91 8.72 8.72 TV +£1.0 mg/dL
Chloride 0.61 0.66 0.53 0.03 -1.17 8.24 6.44 5
Cholesterol, HDL 3.23 2.96 3.05 -2 -0.56 5.52 6.32 20
Cholesterol, LDL 2.37 2.28 2.14 2.04 1.56 7.56 8.16 20
Cholesterol, Total 2.21 1.39  1.61 -0.71 0.08 5.55 5.93 10
Creatinine 3.05 2.21 1.75 -1.33 -3.02 3.71 3.15 10
Glucose 1.65 1.24 1.12 -1.36 0.08 5.07 6.09 8

LD (Lactate 3.8 3.49  2.51 1.14 1.15 4.2 4.38 15
Dehydrogenase)

Magnesium 2.42 1.86 1.88 -1.45 -6.31 6.67 4.3 15
Phosphorus 3.87 2.04 1.27 -1.49 0.21 4.45 5.01 10
Potassium 0.62  0.61 0.62 0.71 1 11.51 11.04 TV +£0.3 mmol/L
Protein, Total, Serum 2.19 2.1 2.02 -1.94 1.12 2.88 3.27 8
Sodium 0.82 0.74 0.56 0.32 1.08 3.88 2.73 TV +4 mmol/L
Triglycerides 1.39 1.19 1.06 -4.05 0.56 9.13 12.05 15

Urea Nitrogen 2.2 2.56  2.56 -4.78 -3.64 1.74 2.21 9

Uric Acid 1.6 1.37  1.44 0.86 0.68 6.24 6.37 10

ninewme): L1, L2, L3 = Level 1, 2, 3 (szeuenuEaEud 1, 2, 3), CV = Coefficient of Variation (§nUszana
AaNNLUsUsIu), EQA = External Quality Assessment (‘[ﬂsqmsﬂ‘smﬂuammwmﬂuaﬂ), TEa = Total
Allowable Error (tnassianaaanawadaudizansule), TV = Target Value (ihnang) uas dinds Sigma
AMUIAINM5INA Sigma 2a9UAasEAUANNE NN AWaTINTY

MSIT 2 NUIULBLSDYALUBNTIEMTIATILHNILUNMNTEAUFNTTOULBINATEN (Sigma metrics) Tuusaz
szauaNNENY lagldmanuawdes (%Bias) NnnguLldauliiay (n = 63 gadaya)

. Performance AU
Lists Parameter . . n(%)
level Sigma metric

total cholesterol (L2), ALT (L2, L3), AST (L2, L3), total

bilirubin (L2, L3), chloride (L1, L2, L3), calcium (L1,

L2, L3), HDL-cholesterol (L.2), magnesium (L2, L3), World class >6 27(42.86)
potassium (L1, L2, L3), phosphorus (L3), LDL-cholesterol

(L2, L3), triglycerides (L1, L2, L3), uric acid (L2, L3)

glucose (L2, Li3), total cholesterol (L3), LDH (L3), ALT
(L1), AST (L1), HDL-cholesterol (L.1), magnesium (L1), Excellent 5-6 10(15.87)
LDL-cholesterol (L1), uric acid (L1)
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Tuvissdjiamsiniindiin

loen name waz Wiad a5z lsanl

MNP 2 NUIULBLSDYALUBNTIEMTIATILHNIUUNMNTEAUFNITOULBINATEN (Sigma metrics) Tuuaaz

szauANNENTY lagldmanuewdes (%Bias) Nnnanl3auiiey (n = 63 gadaya) (dd)

Performance JEAU
Lists Parameter . . n(%)
level Sigma metric

glucose (L1), total cholesterol (L1), creatinine (L.3), LDH
(L2), HDL-cholesterol (L3), phosphorus (L2), sodium Good 4-5 7(11.11)
(L3)
creatinine (L1, L2), alkaline phosphatase (L2, L3), Marginal 3-4 6(9.52)
sodium (L1, L2)
LDH (L1), albumin (L1, L2, L3), alkaline phosphatase Unacceptable <3 13(20.64)
(L1), total bilirubin (L1), BUN (L1, L2, L3), phosphorus
(L1), total protein (L1, L2, L3)

Total 63(100.00)

nanewme: L1, Le, L3 = Level 1, 2, 3 (520UANNNIUYITAIUANAMMNN 1, 2, 3)

NamMsUSauNgUMIEAUTNNNITENIN Sigma
Peer uar Sigma EQA wamsnagaumILaniias
YD3YRYAMEFRH Shapiro-Wilk Wyl seauznan
WNNUWET peer group uar EQA fimsuanuas
wuudn@ (p > 0.05) wamIeNeRUSauau
faugaslums i s nuhewagszauininnnuma
peer group LNAU 5.74+2.90 wazanuvay EQA

WA 5.9543.03 LilanadausIand paired t-test
Wisuisumiadsseaugnainnnisaasunaslainy
ANUULANGNNUDENTULE AN NEDA (t = -1.3508,
p = 0.1817) UBNNNHKIMTIAN TR UENU
A5EAUBNINNNIIFBIUNE A NER AR BIAY
Tuszaugeannasgniineadyneadd (Pearson

correlation coefficient, r = 0.916, p < 0.001)

MINN 3 waMISEUNEUMNNEDAYY Sigma metrics 521N peer group waz EQA (n = 63)

ﬁ'agamwtamﬁm p-value
Mean+SD Mean Difference Correlation (r)
(Bias) (Paired t-test)
Sigma peer group 5.74+2.90 0.916
-0.21 0.1817
Sigma EQA 5.95+3.03 (p < 0.001)

HANISILATIENINNAVBITHANA NG
agiiilhvmneaunn (QGI) dwmsumnines
niansTausEIeNin TN sEaUALE e
(Sigma < 5) l0113N3A12 Root cause analysis
Y v o v a J (%
ceayil QGI aauanslumn i 4 wuhamgranyas
Y a M lﬂ' . .
dafiawanamnnndaymeanuludies (Imprecision,

QGI < 0.8) MU 29 N5EU (5088 55.77) U

wuUWay (Mixed Error, QGI0.8-1.2) 19434 14 N56l
(Spzay 26.92) waztamanuliusiu (Inaccuracy,
QGI>1.2) U 9 n5al (SpEar 17.31) lag

a (d’ ] ] I (% (%
wndwasninudaumenuliviududadanan
l@éun BUN, Magnesium, Alkaline Phosphatase
wae Sodium TuuesEAUANNL T
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Comparison of Sigma Metrics and Quality
Goal Index (QGI) of Clinical Chemistry
Tests Using Bias from Peer Group and
External Quality Assessment (EQA)

Chaiya Kongduang and Piwan Jirawongviroj
Department of Clinical Pathology and Medical Technology, Ubon Ratchathani Cancer Hospital,
Ubon Ratchathan 34000, Thailand

ABSTRACT Medical laboratories are crucial in cancer patient care, requiring accurate and timely
quality control. This retrospective descriptive study aimed to evaluate Sigma metrics and the quality
goal index (QGI) by utilizing the coefficient of variation (%CV) derived from internal quality control
(IQC) and percentage bias (%Bias) obtained from two sources: a peer group and an external quality
assessment (EQA) program. The study encompassed 21 clinical chemistry parameters analyzed across 3 levels of
quality control materials (totaling 63 datasets) at Ubon Ratchathani Cancer Hospital from April to
September 2025. Sigma metrics were evaluated using CLIA 2025 total allowable error limits, and
differences were analyzed using a paired t-test. Results indicated that 52.38% of parameters achieved
excellent performance or higher (Sigma > 5). Potassium, triglycerides, and uric acid demonstrated world-class
levels (Sigma > 6), whereas BUN, albumin, and total protein were unacceptable (Sigma < 3). Crucially,
there was no statistically significant difference between the mean Sigma Peer (5.74+2.90) and Sigma
EQA (5.95+3.03) (p = 0.1817). QGI analysis identified inaccuracy as the primary error source for BUN,
and imprecision for glucose and LDH. These findings suggest that %Bias from a peer group may serve
as a supplementary tool for near real-time analytical quality monitoring, potentially mitigating the
reporting delays associated with EQA. Furthermore, integrating QGI facilitates precise root-cause
analysis, enabling laboratories to develop tailored quality control strategies and elevate the safety

standards of cancer patient care.

Keywords: Sigma metrics, Quality goal index, Peer group, External quality assessment, Clinical chemistry
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