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ARTICLE HISTORY ABSTRACT

Received 10 May 2025 Clinical chemistry laboratories play a critical role in healthcare, contributing to approximately 70%
Revised110 June 2025 of medical decision-making through the provision of accurate and reliable test results. Given this
Accepted 25 July 2025 significant impact, ensuring and continuously monitoring the analytical quality of these

laboratories is essential. This study aimed to assess the analytical performance of selected
biochemical parameters—namely, creatinine and glucose—in three private clinical laboratories
located in the Brack Al-Shatti region, Libya. Quality assessment was conducted using Levey-
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KEYWORDS Jennings control charts based on commercial quality control (QC) materials. Quality control charts
Medical laboratory; were established for each laboratory, and performance was evaluated based on Westgard multirule
Quality control; criteria. The analysis revealed violations of the following rules: 12s (warning rule), as well as 13s
Levey-Jennings chart; and 22s (rejection rules), indicating potential analytical errors or imprecision in test procedures.
Analytical phase; Despite the long-standing integration of quality control principles in clinical laboratory practice,
Precision; their application remains suboptimal in many local settings. The findings highlight the need for
Analytical Errors. rigorous implementation of standardized internal quality control protocols, supported by
continuous training and oversight, to ensure the reliability of diagnostic results and enhance patient
safety.

edall sl am § (LSl 5 59Splall) AleaSoud! Jllnall im 5392 waitl Bagall s domie ploiiuiul
tdoLad! el Halaies duolil

Ty il s s

A liat | oLt ozl
EPARENFYON e %70 ylis Lo 3 Byniell Sl il med 31 caladl o tidl) 3 Asoladl) ST (0 oy pad) s LoasSI) il aties dad
RYES | NAVSY axdlieg bzl sded alxtdl c1a¥1 8392 Olad Gle 2SA Al A bl 550 L) Apaal¥) odd Tlasy Byl cily)yall
Gz Al Gmie M G 3sSsladly LS (e AliesSord! Glasll (and Aldatll Bogadl @uds J) dwhull sda cda.slanl,
Alidall als L [Levey-Jennings s oo aeesill sagaell s wiliimie pluszuly clldy (Lugd) paladl Wiy Zaboic; 2ols lais
aull aelyat Tasy o) s¥ @ g e pien JSU B39l L ciliimia o L] wilicue 830 Bl B39 dargs ciline e slere¥l,

i J LAY (i 5us8)512 5usld cled celyil) (a suad L] 3329 il il ciylal 5atasll Westgard

Coals Bl Sle LY s Byl ySall ol 2801 3 Alaima IS 3929 ] st Lea (a8 uel38) 225 513 cpinelall
YL Jeall gebadl o ¥ cogie die Audall ezl ciligles § Bagll oo mualin zlos) o oyl e 4 Jf 2ulydl
Lol faylo 20515 Slelyn] G Bygps e Zulyall sia aS55 Alall mlpasll o apaall § 8K ae of Tagazs JIss
el 18,0y jeradl sl Adss cile (I Westgard aelssy Levey-Jennings cilumis alusiwl bodd oyl

L Ala gy L) Al ll oyl a0 2wy Agpsell ilandl 385 Glasal

Ll Gleydl Sloas e (35 Las LW ) 280 p2 yolas Jluy) douall
Laddl) Lliy el 2ypiel) @lidl Adlasas olas 08 iy A€ St s Bmall Bleydl Slous e T ¥ s g2 agdall Syl das
dmedidl ol § eledll pllas 7l ge (oliio (P B9l 28e [45] snl) Tasy Aesaldl w3 3Ll ligdl wlane sLLY! e cna,
Bl Adlyae paasat o5 (Adliie Jeadd Aol b 3 9 sl sore g d sl Sl il il JUIL (o lpedl 2idlheg e ad] 2l
B sltia] Jad Ly Lumlity spumdll dpgl SLAISY el ) cat) yos men gy ([12,3] Zall bball oo %70 o ST
Udlo oo [6] sl Lo il Il ) Sase et Al 5 ol 1 Gall 5 sl 5 o (Sas gl paieadl] § Lol 2l

*Corresponding author
https://doi.org/10.63318/waujpasv3i2_25


https://orcid.org/0009-0004-3101-1340
mailto:n.fadel@wau.edu.ly
https://orcid.org/0009-0002-9228-8920
mailto:a.yhmed@wau.edu.ly

Fadel and Yhmed

Sleimie plseials 2l Saga) i) olylll oia Cidia t Bul
hhie 3 Slpses bue 3 LileuSed| wlniie (aad Levey-jenning
Lad/edolad!) ey

Gylatlg algdl

D bladl Al Aalaie § s 3 sue (b Awlyll sia e
oo sad llll B39l @it 2023/08/04 11 2023/07/05 (e 841N
bioolomic plasiwl gl o5 o ilesSod! olgazl
aclgd (e pandl alusiwly ol s¥1 Aayliag Levey-Jenning s J!
©5.225 9135 Lo (a8, Il uclgdg los & yydmall Buclall Lt Westgard
alazll e ool sl pusiudly 20)lai Bage bl 15 aa5ed
<15 w3 39Selaetly sl SO A claaall oliad Aulydl § As )
s Laday (o @3 9 835l s lpimia ¢ LadY pg 20 50l 5 Lias
NI QENJPEZS (S TS PRS- AN | JEN I TPP ST B D EERRNPO I
Adliie

multi parametric bovin control &;l=s 855> s slge Cwdsiul
alslasdl lads layams @ qaandl ga,ll g caudall cusiudls serum
SUslsllsia o doe daiall 48, 40 (e 228,10 28,511 L (ool
JST Gandl laall el o Jua 5 Jaliny La gt Bl g iz (S

Ll s LI 8L 05 1 g - obpasell e Liaga cligadl s ey
() Syismn JSI 521,520 e Jyianll 1iSa (7 o ol ) aiseny
Lo cliie sLasy llucd) (b cuatitwl clely sl sia (Grub
009 Sleall Bty ludl Lasgill iipe IS Gl @3 Sy 835>
XTSRSV A SE N R N R R IPES L WE L B PN
Ll JS ybog e o 3leall Bls¥l (91 oy +1SD > ol
Soleall ol ¥l (32 oy +25D i bty lue! byl e
35D u> bty olacd! b wostll oo Aomgli JS 7y bog pa o
Lsugill e Amils JS 7oy por o Gylall Bl B 3y
0989 Ayl ShLasH (e ot JST (domin ¢y 9 Ll
RESTEIR GTEPRIRES (FHPETSRSTINATY GIETpeyr iy
095 e 9 peliall By ¢ ol GLasl o5 g o3 Ll il
Slige ao Lok Sogzell bl slga Juidd @i sLas | ST el (goeid)
S Ll bolaw] @3 oe sl U5 igy ) osell deadl § (o)L
plaziwl ¥ ol Jsuie Jeaddll B9 o0 WSW g lapall dmie e g2
ALT 5 Bl alyull (e 3> )L slia 41,55 03 9 Westgrad 431,11 uclsd
ousrl] 3 line

!

il e sad Aullnsll 8g ol 03 i Ayl sdia sy
ay pdaladl Iy dalaie 3 Aadly Lols clpisee S 3§ piliasSond!
() el () sl s JWl gl e Byl § ol pnsell sda a5 o3
ntil, Sl 5eSalnll (2 Alyudl Laiasas @I sllasd) () saslly
Slucdl aswgill alusiwl su> e pse JST B sgu> Gl @
izl U315 Jlize 052 20 I35 5, Sll eliall oy Lple Jummill bzl

Gollas alsd 13 Adlie milive plasiwl pasll dss 2lyledl 5352])
Sligtuse B 9 agtunes 7Lt suzme 7S5 Blas Led 5 (vl il
e dgestll Bagandl s liie Badat g cglall Sl blas Jass
liag Westgrad acled aluseials 4810 il swasy Levey-jenning
Bl ol 13] Lo asald s« elmall allaill 5 atue Adlye oy
[7-9] oyl i) i 4,818 Ay 48550
Levey-jenning awe gill 3592etl Jags aliizie
ABLU @l apal aguy Banb 9o Lesill Saga)l bps Gk
el Jaddll 08y9 gl Lilae 8Ll @5 pay o Lo Saley
055G Gy 092 20 Bul 81U slge e 85,800 wiluslid ey o1 ([10]
Bl lucdl daugill Cludsl o3 o3 (09 Lage >y palid
S aEhll halases slae) gy @ Lele amill @leldll (e goleal
Gl oy o Bylee 05 alasell a s (e oo S Lianls sLas!
oo o ol e sl 5 e el e AL Bale 3S)5
Ldadl 281 sgumy ludl Lawgill e pad 2,480 bghs eu,
goad 5 8L 39> (ylall ¥l e Lol w5 &l il
[10] lloetll bl qdtd 481 aelgall o duall aldialy
"Westgrad .clg8" a8l I ucled
S ot Taez Bauzll 83gaedl 3 4B delsd ol sl sasiud
e Aadanll Bogadl Adlye datad oY1 3 Ayl c¥gmdll e Uil
st (olas) 2anadl 380 uelsds Zanall 48111 sl alusil
Byalall of sl clolue] of caslgSIl 3 maall e e bl jamall Jid
Ol Zulio Bag> Adlye deled pusll Hlim of e [11,12]
[12]159) & Byl gl § elasY) e gl s 2S))
0o By Jg¥ B39l ABlye s (e 281,01 uelyd Gudas @3 1981 ole
& Westgard ,i5 &> James Westgard 4 ,ull sl @Jle 43
bl Cang Gl sl bagr Al o Flao (ruisuty dasl>
oo datall Lpd 75081y Apdall clpeall Adatll Jaadl 83s> maedsl
k] FYYES[EVE (PRI P BV N AEOP R PRES ST T N URVSPE
Gulmtll Lo 2Tl O 13 e @ Soll SLall e a3 28001 sucls
by @ AL aelsd (e wpaadl Cllia 3ylagdl Bllas zyls o Jsls
8oz pusdt) (Flox ol 63,8 JSdy aclsall sda auxiud Westgard
Al delgall (amy Aldasdl cililoall
Su>lg A48l dmyds lodie Buclsll sda cl@s tlss sucld o
Levey- 4cgill o)l oo (6xet3SD sgu> ol
[14] (Run) Ja i) s, @ Ul oda 3 5 Jenning
Ablie Al ol Lodie Buclall sla clas tlos sucls o
[15] i Bucls paaisuclall sda 9£2SD sgus susly
Onelliie 448l pe Cnelid ol Loie Buclall clzis :225 8ucls o
sdas -2SD 4él | us> of +2SD lawgtll o Al s
[15] ady BuclaS anserud suclall
Adle awld jolzny botic duclall clas :R4s sucls o
2L a5y +2SD Lavsall o &zl asly caalline
[15] a8, BuclasS posiud e lall slag -2SD

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 3, no. 2, July-December 2025

Page 203



Fadel and Yhmed

370 A e Mean
350 -
330 4 =ie= MEAN+1*SD
310
290 = MEAN-1*SD
270 -
250 - == MEAN+2*SD
230 | "
210 - ==t=MEAN-2*SD
190 ——MEAN+3*SD
170 |
150 v v v w=MEAN-3*SD
130 | .
110 : : ; . : ‘ | =kl

1 2 3 4 5 6 7

() szl @ 5sSolell oo, L1 ssiall LEVEY-JENNing Lalases :4 JSCad1

130
== Mean
120 4 === MEAN+1*SD
110 —#=MEAN-1*SD
100 | ——MEAN+2*SD
== MEAN-2*SD
90 4
e MIEAN43*SD
80 - e MEAN-3*SD
70 . " . . . . , =rempuill
1 2 3 4 5 6 7

(@) mll @ 5sSslmll andall ssiuell LEVEy-Jenning Lulass :5 JSad!

oSl

Lol dlyull sda 3 Lelas) o3 g0 Levey-Jenning o lasis S5 (0
oealilly a1 el ag Il e le ol 3o (o bl aar o
9+3SD 39 il ciuad o (8 IS Tzl § oo ,d) ssiuell
Cips (adyBaels pg Adliall alT il § 1assuelall il @ JLll
aMo| g lasel) juims iy wludl padys

310 | == Vlean

0] —0—0 0o oo —=—MEAN+1*SD
270 " —#—=MEAN-1*SD
250 | ,  —*MEAN:2"SD
2301 % — .  ——=MEAN-2*SD
20 | *Y . ——MEAN+3*SD
90 ‘ ' ' ' ——MEAN-3*SD
170 : ‘ : , : ; il

(@) 2l @ 5sSslzll o,k goiuell LEvey-Jenning Lakss :6 JSad!

15 - =de—Mean
¢ * * ¢ d ¢ ¢ —<MEAN+1*SD
13 . . N
‘ At " —%=MEAN-1*SD
11 i * i * A
‘ ‘ _ ~o—MEAN+2*SD
084 | l J , l J ,  —r=MEAN-Z'SD
‘ ‘ ‘ i ‘ ‘ ——MEAN+3*SD
0.7 -
~——MEAN-3*SD
0.5 ‘ : : : : ) =il
1 2 34 5 6 7

(1) szl & sl ,SU apdall sgiual] LEVEY-JENNING somie 7 JSAI

plasiwl sadd| @59 Levey-Jenning sagzdl bac o il i ¢ LAS| 03
Alie alLi 5 5l Westgrad e ls3

35Sslt!

Lasdl dulyull sda 3 Lelid] o5 I Levey-Jenning olosie S35 (0
390 (3 UL el Sl Aomal (goad () ieold M agull §
Was Gigus e Jus jad,5ucld & 9 lasBaclall Wl @3 1ies +3SD
Gl 3las 551 5 Hagally Blass ol J] doliwd sz g 5 Slsdie
il @ Wgido psull 1id ol Gorudl Amyls colS a5l oo 001 e

(4 USad1) bl Sytaed) Amgls coad skl uisd sl pgall L
delgd o A yudms Bueld B9 Los buclall Sl @ iy +2SD 394>
\Westgrad

(5 JSCad) rsdall goradl amils cjglans Cipm () iseall J¥1 pslll
delgd e Ao Bueld R Log Suelall IL! @ iey +2SD sgu>
.westgrad

(652 1 JS) Ugiall sgumell (ais 9d sl 3L L

110 1 =d—Mean
105 1 == MEAN+1*SD
100
95 - —4=MEAN-1*SD
90 1 —8—MEAN+2*SD
85 -
80 | —+—MEAN-2*SD
751 ' ' ' ' ' " ———=MEAN4+3*SD
70 -

- - : - - : : MEAN-3°SD
65
60 . . : i)

1 2 304 5 6 7

(1) szl § 5Ssleell apdall sarunell LeVey-Jenning Lz :1 JSad!

250 —de—Mean
[ & & 'S & & o  ==MEAN+1*SD
230
/ \ == MEAN-1*SD
201, ;/ — = 4 —8—MEAN+2*SD
190 | / * o ¥ * A ===MEAN-2"SD
4o ' ' = MEAN+3*SD
170 -
== MEAN-3*SD
150 . r r . ' ! il
1 2 3 4 5 6 7

(1) sl 8 55Sslnll o)Ll Saiunell LEVey-Jenning Lalass :2 JSad!

wde—Mean

160 -
150 /\ ~=MEAN+1*SD
140 -
130 4 ~#=MEAN-1*SD
120 | ._%‘*‘_’_._'
10 | Mt // ——  MEANW'SD
133 ) Ry — e, —+—MEAN-2*SD
TR - + * * - K e MEAN43* SD
704 + 1 —_— - : : .
60 - = MEAN-3*SD
50 T T T r T T 1 —3"—&.“:‘51

12 3 45 6 T

() el § 56Slmll audall gsiuell LEVEY-JENNING Lalazes :3 JS2!

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 3, no. 2, July-December 2025

Page 204



Fadel and Yhmed

AL ozl 3T Sl Jie c)'“LA'EJ‘ AREYY & Jalasd) £ g0 g.}-««.”
oo lane o oelall head Gl SLall @ Glads of dnall cowlie

Alerll ol

551 =de==Mean
] ==MEAN+1*SD
’ —_— /h- - st MEAN-1*SD
45 | X / d—kA  —s—MEAN+2*SD
" ——wmean2sD
sl ' ' y ' 1 T ——MEAN+3*SD
——MEAN-3*SD

35 , : . , . =il

1 2 3 4 5 A 7

() masll § ol S (0,0 Ssiuall LeVEy-Jenning geie :12 JSad!

o 9 Lossaelall o Loyl 2l sda B LSlal o3 Al delsall e
Ligall @il e Buols Aol (guats bodie Joeud L pydxisucld
9 (S Jus &l Jdy suslg 8,4 LSLal ties 325D sgus dbay Ll
2555 > @ ellas¥l tious Alleas | ala55 s Loy ludl e xS0
saclall el Uil oda ($ 22SDagu> Anyliall Ligall 2oyl coad
0adys 9 umin sllaslps By e Jus pad, N elsd oo Ry 225
Slaall 8yulae g Biloall s 2an e Uladl din (3 ¢ Say ¢ Jud il
Azl clas¥l 8 ps8sll golazl

Lunzs 632018 B oyl (9,319 AUAU Asslys as 3-8153 1
Bae 3 o niaatsSly LMl Ogaa )y idty Bog el Adl e dpieil]
Jea & s il Sladle oo daall cde i G ls ddua
[16] eloetl

Olagadl (32019 s syl A 9,5y wisn Aelys o cusdlys Linyi
ol w38 e Ads 1) 8oyl 4408, §udas aSls eupas!
EEPEARURFYPS W [PONREE IR SV ) [ SVOM TN 4 JEAPEO%
Jie llas b ol Lasy) 2l 289 Aubgige crumt) Lpyall ool sl
sl Ao | g ) ol Las¥ AST e sl S 39S gLl
L (8 auidall 581,09 ol asell e (§ SNy (5,8l (o0 Ayl
O J) ALY Juadl Pley pars i3 J) (6352 48 Lea ([20-17]
el Joall § Zalall Axall

Ladlat!

O e -l il ad ddadl ol sl mls Bage Crues (e Joal)
Bl saga Juloes ol L B aale lall gaglall ol 811535
Shlall Baga s Babie Ll clisll pasy § 2l clpasl)
ple JSy Bumaall 4yle g 2datl

55Sae il e yaiea JST LA B9l s lbalases cus 48
@l By blye Al S9laes J) Los Saelall psd Las 5 1os Jiuelal
Lomls jolams e Lo Borelall el Loiws .4 pudims Suteld dady (#2SD
Jeaad ad)y faitug Lee (35D gl Busly bl

&l gl

7
6.8 - == Mean
6.6
64 - = ——MEAN+1*SD
6.2

6 1 ~s=MEAN-1*SD
8 —
g: ] AjLi—l—l—ﬁ—‘ MEAN+27SD
524 e =—MEAN-2*SD

5 -
42 / ; ' ' ——MEAN+3*SD
46 -
24 - ——MEAN-3*SD
42 - )

4 . —u—&ui

1 2 3 4 5 6 i

(1) pazdl § el S (00,01 ssiall LEVey-Jenning goeis :8 Jsad!

=de=MNean
15 4 e MEAN+1* SD
134 o Oty == MEAN-1*SD
11 4 S, VD . G . )
. s T N ¢ " —8—MEAN+2*SD
09 | & S—— S —h .
\ ~—+=—MEAN-2*SD
0.7 - ' ' : | =——MEAN+3*SD
05 - ~——MEAN-3*SD
03 : | e
1 2 3 4 5 6 7

() el @ el SU audall ggiuell LEVRY-JENNING (smie :9 JSAI

. =—de—Mean
6.5
6 i MEAN+1* SD
e D e e e e
55 4 . p ) v ; v e MEAN-1*SD
57 jp— Z =&~MEAN+2*SD
4.5 - . . " " ' ===MEAN-2*SD
4 = MEAN+3*SD
3.5 ~MEAN-3*SD
3 T T T T ) —u—'n*ﬂ.ﬁI
1 2 3 4 7

() szl @ el SU o511 s9ineld LEVRY-JENNING (42 :10 JSAI

15 -
= Mean
14 1 “e=MEAN+1*SD
.—.—.—h_h.
. EL]
13 . MY o ’ ~ #=MEAN-1"SD
* f ) > “—MEAN+2*SD
1.2 ‘ ) ‘ ‘ . ~—MEAN-2*SD
) i ) ) © —MEAN#3*SD
11 -
——MEAN-3*5D
1 srepult
2 3 4 5

(g) razll § ol ,SU apdall giuall LEVRY-JENNING (s :11 JS2I

sl

o go3dl Jumud 3 Levey-Jenning Labaseey 8392l ouds IS (0
Al Awlyall § oAl Il pandall 3y ol calise § 8ylagl]
Buslg Ay gats Lo Jxud Westgrad aelss oo (2 9 L1as suclall
o8y p LSl wie +3SD sgus dlalall cliall Lulé @l e
088G 8 i)l 3 Gilgdiee Uas Sigus e Buelall sda Jusg Jeadd)

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 3, no. 2, July-December 2025

Page 205



Fadel and Yhmed

Sl Jsls Al sandl bis Jlee @ KEY) puxsd @
Oty Agalally duzsleusall whshall ASlse plead dudall
Leaall Sleas)

Copazd) ddall wilpasll 3 el Sratus i ol adss @
Laall SlehaYls claadl Gusl slan Lad oghlas medslas
B3gzl Loyl

Author Contributions: "All authors have made a
substantial, direct, and intellectual contribution to the work
and approved it for publication.”

Funding: "This research received no external funding."

Data Availability Statement: "No data were used to
support this study."

Conflicts of Interest: "The authors declare that they have no
conflict of interest.”

References

[1] ©. Younis, A. Tamomh, M. Suliman, and A. Talha,
"Assessment of applying internal quality control and it is
effect on accuracy of blood glucose measurement in some
medical Laboratory in Kosti City, White Nile State, Sudan,"
MOJ Public Health, vol. 8, no. 3, pp. 98-106, 2019,
https://doi.org/10.15406/mojph.2019.08.00291.

[2] X. Mao, J. Shao, B. Zhang, and Y. Wang, "Evaluating
analytical quality in clinical biochemistry laboratory using Six
Sigma," Biochemia medica, vol. 28, no. 2, pp. 253-256, 2018,
https://doi.org/10.11613/BM.2018.020904.

[3] K. Chauhan, J. Patel, and A. Trivedi, "Six sigma in clinical
biochemistry: It matters, measure it," Int J Clin Biochem Res,
vol. 4, no. 3, pp. 270-274, 2017, https://doi.org/10.18231/
2394-6377.2017.0064

[4] B. Goswami, B. Singh, R. Chawla, and V. Mallika,
"Evaluation of errors in a clinical laboratory: a one-year
experience," Clinical chemistry and laboratory medicine, vol.
48, no. 1, pp. 63-66, 2010. https://doi.org/10.1515/CCLM.
2010.006

[5] S. Igbal and T. Mustansar, "Application of sigma metrics
analysis for the assessment and modification of quality control
program in the clinical chemistry laboratory of a tertiary care
hospital," Indian Journal of Clinical Biochemistry, vol. 32, no.
1, pp. 106-109, 2017. https://doi.org/10.1007/s12291-016-
0565-x

[6] 1. Audu et al., " Quality Control Monitoring & Evaluation of
Bilirubin,  Alkaline Phosphates and Inter-Laboratory
Assessment of two Hospitals in North Central Nigeria,"”
International Journal of Clinical Chemistry and Laboratory
Medicine vol. 3, no. 3, pp. 1-7, 2017. http://dx.doi.org/
10.20431/2455-7153.0303001.mk

[71 B. Kumar and T. Mohan, "Sigma metrics as a tool for
evaluating the performance of internal quality control in a
clinical chemistry laboratory,” Journal of laboratory
physicians, vol. 10, no. 02, pp. 194-199, 2018. https://doi.org/
10.4103/JLP.JLP_102_17.

[8] P. Karkalousos and A. Evangelopoulos, "Quality Control in
Clinical Laboratories’, Applications and Experiences of
Quality Control,” INTECH Open Access Publisher pp. 331-
360, 2011. https://doi.org/10.5772/15865.

[91 H. Kinns, S. Pitkin, D. Housley, and D. B. Freedman,
"Internal quality control: best practice,” Journal of clinical

Lomall Ale W Aol s aad Allaall Bypiell bl ¥ Blas

PR DAL S VPO JELINES |

d3ls Slaaddl Brciue Spulasy Bluall 29y Aazlie cl2] @
REAPCES

cled @ Gmd) 59,0 po oyl lapal platie allasy a1 o
Allae @ oy Bagll mlae (e zoyally Ll welsd il
ol sda

pathology, vol. 66, no. 12, pp. 1027-1032, 2013.
https://doi.org/10.1136/jclinpath-2013-201661.

[10] J. O. Westgard, "Internal quality control: planning and
implementation strategies," Annals of clinical biochemistry,
vol. 40, no. 6, pp. 593-611, 2003. https://doi.org/10.1258/
000456303770367199.

[11] T. Badrick, "Integrating quality control and external quality
assurance," Clinical biochemistry, vol. 95, pp. 15-27, 2021.
https://doi.org/10.1016/j.clinbiochem.2021.05.003.

[12] D. Depriest, "Introduction to Quality Control," Journal of
Quality Technology, vol. 22, no. 3, pp. 248-249, 1990.
https://doi.org/10.1080/00224065.1990.11979249.

[13] S. Cao, and X. Qin, "Application of Sigma metrics in
assessing the clinical performance of verified versus non-
verified reagents for routine biochemical analytes,”" Biochemia
Medica, vol. 28, no. 2, pp. 215-221, 2018. https://doi.org/
10.11613/ BM.2018.020709.

[14] G. Cooper, "Basic lessons in laboratory quality control,"
Hercules: Bio-Rad Laboratories, 2008. [Online]. Available:
https://sscc.med.sa/wp-content/uploads/2022/07/Basic-
Lessons-in-Laboratory-Quality-Control-.pdf.

[15] B. Stewart, "Multirule and “Westgard rules”: what are they?,"
Clinical biochemistry, vol. 2280, no. 23, pp. 47-56, 2006.
https://westgard.com/westgard-rules.html.

[16] S. Audu et al., "Quality Control Monitoring & Evaluation of
Triglycerides, Cholesterol And Inter-Laboratory Assessment
of Two Hospitals In Central Nigeria,” 10SR Journal of
Applied Chemistry, vol. 11, no. 9, pp. 5-11, 2018,
https://doi.org/10.9790/5736-1109010511.

[17] A. A. Almajdoub, M. M. Alzwayi, and N. M. Alaasswad,
"Estimated blood levels of zinc and copper among type-2
diabetic patients and their relationship to insulin resistance,"
Wadi Alshatti University Journal of Pure and Applied
Sciences, vol. 1, no. 1, pp. 9-15, 2023.

[18] A. Mosbah, A. Yhmed, A. Elwafa, and M. Alzwayi,
"Prevalence of Type 2 Diabetes and Prediction of Renal
Failure Phases in Males Attending Brack AlShatti Hospital,"
Wadi Alshatti University Journal of Pure and Applied
Sciences, vol. 3, no. 1, pp. 18-23, 2025. https://doi.org/
10.63318/waujpas.v3il.04

[19] A. Abubaker and I. Eshnaf, "The Association between Serum
Magnesium Level and Microalbuminuria in Diabetic Patients
Attending Sebha Diabetic and Endocrine Centre, Sebha-
Libya," Wadi Alshatti University Journal of Pure and Applied
Sciences, vol. 3, no. 1, pp. 135-141, 2025. https://doi.org/
10.63318/waujpasv3il_20

[20] A. Mabrouk and A. Yhmed, "Evaluation of the association
between HbAlc and the Atherosclerosis Index of Plasma
(AIP) in diabetic patients in Benghazi, Libya," Wadi Alshatti
University Journal of Pure and Applied Sciences, vol. 3, no. 2,
pp. 174-178, 2025. https://doi.org/10.63318/waujpasv3i2_22.

Wadi Alshatti University Journal of Pure and Applied Sciences, vol. 3, no. 2, July-December 2025

Page 206


https://doi.org/10.1136/jclinpath-2013-201661
https://sscc.med.sa/wp-content/uploads/2022/07/Basic-Lessons-in-Laboratory-Quality-Control-.pdf
https://sscc.med.sa/wp-content/uploads/2022/07/Basic-Lessons-in-Laboratory-Quality-Control-.pdf

