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ABSTRACT
I{bAlc is being ttsed as a screening toot Jbr diubetes wilh its perfbrmance t'ar,'ing irt

diJferent sttuliis depending on the ctl-of point rtf HbAtc trsed ancl the reJbrertce gold

starrclrtrcl. To deternine thi level of HbAlc thut defnes the best cttt-oJJ"poinl cottlpatihle

tt' ith ntnrimot yietct trsing 2hotrrs post T5grant gltrcose as reference' '4 crrtss 'sectionol

stuctl, gf 207 p,atients tt'ith 57,5sgn7ic hypertensi<tn attending the renal artcl cordiolog' r-tut

potieni ctiniis o.l'the Lagos (Jniy,ersitt' Teaching Flospital \r€r€ t'€crttited. One hundrecl

uncl thirtt,orc it3l) of-the stbjects haci OGt'I- clone. A random sunpling methocl v'rt's

u5ecl to select one itt o/' ever1, Jbur who hcul LIbAlc tlone ttsin-q DC'A 1000ir

cttttoanaly:er. Receiver Operative Chcu"acterislic Ctu've tt'cts plotted to deterntine the

appropriate HbAlc cut-oJJ'point thctt gutte optimal sensitivitl 'antl spec(icit1'Jbr the

i;grirri, rf cliabetes t,si,tgptasmotteltous gLttcose,2 hours post 75 Eyam OGTT' A 2x2

rub*les w,as utili:eel to cleteiritine the predictit'e t'altte, uncl eJJicienc)'oJ'the HbAlc cttt ofj

point.for the clictgnosis oJ'cliabetes. HbAlc cti-oJf poirtt oJ'6'70'4 v'as found ttt give
'sensir'ivity, 

(t-57.11%, speacificitl, o.f 75%, positive preclictive value of 36.36%, negoti,c

preclictive ialue o.f B5%, ancl eJJiciency o/'67.71%. the new' ctn-o,ff'poittt o/'HbAlc has
'impro,-ed 

the per.formctnce oJ'the rnethod as a screening tool'

Kiywords: biobrrrr, Screening, Gll'6o1n4 furcnnglobin (HbAIc)' ornl Glucose

Tileronce Test antl Receiver Operution Ctyyl:!::E!: Syt::

INTRODUCTIO}I
The high prevalence of undiagnosed diabetes tl-3] and the lar-se proportion of individuals rvith

compliciations at diagnosis [4.5] 
*argue 

for screening fbr Type 2 diabetes' The World Health Organization

(wHo) recommendeci that irr. zs-g oral glucose tolerance test (OGTT) should be retained as a diagnostic

Lst tOi. This is based on the fact that, many individuals rvith diabetes at an early stage have a FPG belorv the

Oiagnost ic cr i ter ion, in spi te of postprandlal  hyperglycaemia [7- i0] '  Therefore'  an OGTT may be a more

suitable rnethod tha'  an FpG for the early detect lon of diabetes, especial ly in high-r isk individuals '  Glycated

haemoglobin (HbAlc),  rvhich assesses chronic glycaemia is ut i l ized for assessing glycaemic control  in

subjects with diabeter.  Horu.r ' . r ,  HbAic is not current ly recommended for the screening or diagnosis of

aiuu.r . ,  t6,  l1] .  Al though some studies have gone ahead to use i t  as a screening tool  with di f ferent results

base on different gold st"andard as a ref'erence fardstick and cut-off points (12-i4) The purpose of this study

is to determine the appropriate cut-off poini fo, HbAlc that is compatible rvith maxirnal yield for the

cl iagnosis of c l iabetes ur i , - ,g t t . I .2 horrr  post T5gramm oGTT venotts plasma glLrcose among people at a r isk

factor for Tlpe diabetes N{ellitus.

NIETHODOLOGY
Studl '  Design: Cross sect ional studies

sn,ay Lo.uion: This studv uas carr iecl  out at the Department of Medicine of the Lagos Universi tyTeaching

Hospital (LUTH) ancl oYer the tliree months periocl, spanning from January to March 2004' The Lagos

Uni 'ersi t l  Teaching Hospital  is a tert iary publ ic health care centre. Subjects:  The sLrbject poptr lat ion rvere

people \ \ i th knorvn histor l 'of  sYstent ic hypertension on l i fe-style modif icat ion and/ or drug (s) for the

control  of  the hypert .nsion and. anending t i re cardiology or Renal c l in ics. Pat ients with secondary fornls of

nrf .rr . , . , r ion.. i . r ioni .  renal fai l ' re and chronic l i 'er  disease rvere excluded from the studv'

SAJ\{PLE SIZE
\\ 'e recrui ted 207 persons to gi \e room f,or dt tr i t ion. Ranclom sampling tnethod rvas carr ied oLtt '  to select ot le

out of ere rv tbur u,ho r.rnclerrr ient an OGTT test for HbAlc analv-sis.  Approval l l 'as obtai t led from the Ethical

Cor '* i t t . -e ortn. *go, Unirersi t r  Teachirrg l {ospital .  An infornred consett t  * 'as obtained fronl  the pat ientsi

strbjccts beibre conri l rer,c i , re rhe studies. Tle pat ients on usual rr . Iedical  fol lo$' t lp \ \ 'erc approached and

;; ; ; , ,  .  br ief  heatth talk on the i rnportarrce ci f  screening for diabetes among people rvi t l t  sYstettr ic
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hl,pertensiorr.  A que,st ior.rnaire col l taining biociata al td anthropometry of the strbiects,  rvas conlpletcd 
' fhe

infor 'at io '  captured i l rc luded: age, gencler.  rreight (*)  * i th ' r ' , r .orr i . , ' . r t  taket to the closest cel l t l l l leter '

u,eight (kg) to ,rr. .i"r.ri"*_o. ,",i 
'gi{i 

carcurated as trre rario of rveight ro rrre square of height ir nretres'

waist circu''fere'ce 1r; ,;k." at unrbirical le'er to trre crosest Jentinreter. Hip circu'rf-ere'ttce rvas

r 'easured at the rnarinium circurnference of the buttocks to. los.st . .nt i rneter '  waist  to hip rat io *as also

calc ' lated by f inding the rat io of the rvaist  c ircumference to that of  hip circur ' fe 'ence'  The 2hours \el lo l ls

plasma glucose por,"riu,",aord 75gra'r 9GTT a'd HbAl' *'t" iotutented' Perforrnance of oGT'f At

7.30arn, al l  had their  tast ing vero.s blooJ sanrple taker und ,u.r .  gi 'en 75gm of dissol 'ed at l t 'drous

glucose in chilled ,.ur., io drlnk at once a'd anotlter santple rvas take' at 9'i0am'

ll*fflJ,i1i:),3J*1",33,:Jr",:iy*X,,, au ,vere centriruged, a'd ariquots were prepared *itrrirr

30mi'  of  col lect ion and those for HbA1" *=r" rr , r  immediatery. prasma al iquots rvere frozen at -80"c t l ' t i l

conduct ion of the analrses iu t 'e sanre labo.atory. Plasma glucose tn 'as anal l ;zed accordingto the t 'ethod of

Tr i 'der (17) using grucose oxidase enzyme buifered in pt.no*ytate and i issolved in colour reagent '  T'e

coetflcient of variation for intra-assay was 3.5o/o andinter-assay'ri 'as 9%. Diabetes rvas diagnosed based on a

2hours post OGTT \ enous plasrna glucose of > i  1 '  I  mmol-r '

HBArc SAMPLING AND ASSAY METHODOLOGY '  
nen bonle for analvsis

on arr i 'a l  of  the subjects at 7.30am, sample for HbAr.was taken and kept in a spectr

the sarne day using ncn zoooo autoanalyser rnachi,ie 
"nd 

,.ug.ni kit p;oduced hI puv.r corporatio' I 'c'

USA. The assay is based on a ratex i"r,"";;;;;iutinutron i,',hiu'ii ifn rrrithod tDCa.20000+ Ma*ual)' This

provides a .o,]u.ni.ni. quuntitatiue.methoJ foiir"asuring the percentage concentration of haemoglobin Arc

in blood; both the concenrration of haemogl;;l; ;; ,p.Jin.ufty and the concentrarion of rotal haernoglobi'

are measured, and the ratio reported ;;-;;f;;i 
't ',u.-ogtJuin--Ai6' 

The chemical principle for the

nleasurement of total haemoglobin, poturriuJ ferricyanide iiused to oxidize haernoglobin in the sample to

thiocyanate to form thiocyan-methemoglobin and tire .otour.j 'pecies is tneasured' The extent of colour

development at 53lnrn waverenght is proporiionul to the con"."u'^1i"1 of totalraemogrobin irr the sample'

For rhe measurement of specific HbA16, an inhibition of latex agglutination u::3I.is used' An agglutinator

(synthetic polyrner containing multiple copies of the immunor.u.iit porliox of U6'q'rc) causes agglutination

of latex coated *ith HbArc specific niour. monoclonal antibody. This aggrutiuation reactlon causes

increased scatterins of light which is measured as an increased absorbance at 531nr't'r. The HbArc in whole

blood specimens competes for the l imiteJ'umber of ant ibody-iatex bindi 'g si tes causing an i 'h ibi t ion of

agglutination una u-a'..reased scattering of light. The decreas"d 
"uttttinf 

i ' totu'uted as a decrease in

absorbance at 531 nm. The HbArc .on..n*uri"on is then qualilred using a calibration curve of absorbance

'ersus HbArc concentratio'. HbA16 
"f 

.?.iy. ,"as considered to have iegativ" screening test and > 6'lo

r,vas considered to be Positive'
is then calculated as foliorvs:

x  1 0 0
The percentage HbAlc irt  the t in?l:,

%  HbA lc  =

{To ta l  Hemoglob in }  . r  _ - . ^^ .^+ i^ . -^11 . ,  l . io l r  . rec is ion  o f  the

Tlre coefficient of variation of assay ,.,,,"tt,,oa rvas 0%, depictirrg tlre exceptionally high precision of the

machine and method.

DATA PROCESSING AND STATISTICS ANALYSIS

Data were entered into a Microsoft  8". .1* iuiuuase. we used SPSS version 11 and STATA 8'  Col lege

stat ion, Texas 77845, usA, l icensed t9 wn^o-lvas used:o-Tult t t  the data'  cotr t inuous var iables u'ere

expressed as means and standard deviations (SD) and categorical variables as freque'cies and proportlol.ls'

Differences bet\\.een grollps \vere assess"J*iin the indepe'dent t- test for continuous variables' A table

(tabre l) characterizi-ng tiose rvho had oGTT into those rvitrr'o-diabetes (2hrsPost 75gram glucose

<11.1mmor/ l )  and those rvi th posit iv.  , . r . ln i , rgtest for diabetes (2hrspost 75g glucose >11' lnrmol/ l )  rvas

rnade. Receiver operative crraracteristic curve (ROC) rour rr.,l io plot rtr. giup'of sensiti ' ity against 1-

specif ic i ty to deterrnr ie t 'e best c ' t -of f  point of  HbAlc rhar gave' iaximal yi t ta 1ruut" 2) '  A.ro-by-two

table (Table 3) uas used to corr lpute 
"n' i t iu i '1" 

specif ic i ty '  predict ive values'  ef f ic iency of HbA16 as a

screeningtool a ' ,J pr"uui.n."  of  
- i .vpe 2 aiab.tei 'arnong people rvirrr  s.vsremic'ypertension (15) '  Results -

The mea' age of those that had OGTT,"",  i : . i f  u8.691ears'  The age di f ferent ial  by gender shows the'age

of fernalesto be 52.70+g.37 and malesto u" sl  ql*g.3aipvarue]o.6or.  rn.  mean 2hours post glucose load

value rvas i69.-18*93.97. The mean HbAlc value rvas 6'62+l '93%' The mean durat ion of h1'pertenslor l  rn

/ f ,
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vears \vas 10.04. The mean height,  waist  and hip measurements rvere 1.63, 100.79 and 110.21 respect i l 'e ly.

The mean rveight in kg rvas 83.42, mean bodv mass index (BMI) of 31.55 and n'aist  to hip rat io of 0.91.

Table i  shorvs a comparison of the age, anthropometr ic and cl in icalcharacter ist ics of those subjects who had

2hour post glucose assay of <1 L I  rnmol/ l  and > 1 1 .1 rnmol/ l .

Table 1: Features of those who had Oral Glucose Tolerance Test.
OGTT<200me/dlOGTT2200me/dlP value

Age 50.78+8.95 57 .14:7 .54 <0.05

Durat ion of hvpertension (Years 9.08+8.02 13 .63+8 .51 <0.05

Heiglr t  (meters) t .59*0.08 1 .6610 .08 <0.05

Weieht (ki lograms) 78 .83 r19 .00 88 .02 i10 .82 <0.05

Bodr- Mass Index(kg/m' 29.54+100 i  i  \  / + J  /  / <0.05

Wais t  c  i rcumference (cm) 97.18*t2.20 104.40r8.54 <0.05

Hip circumference (m) 107 .09*12 .18 l  r i  d i + 7  s ? <0.05

Gli 'cated haemoglobin (HbAlc

%)

4 .97+1 .85 a  1 ' 7 + )  ) 1 <0.05

\\ 'a ist/H ip c ircumference 0.92+0.08 0.95+0.07 <0.05

c u t - o f f p o i n t s o f H b A 1 c f o r t h e d i a g n o s i s o f d i a b e t e s b a s e d o n a 2 h o t r r
post OGTT plasma glucose of >11. lmmol/ l .  I t  shows that at  cut of f  point of  6.70/o gives the best result  in

ierms of r"ni i t iu iry and specif ic i ty,  as also depicted in Receirer operat ive Character ist ic Curve (RoC)'  As

we must str ike a balance io get the best sensit iv i ty rv i thout cornpromising specif ic i ty,  HbAlc of 6.70% gives

the balancing point.

Table 2: Performance of the Screening Test Using Different Cut-Off Points

Detailed report of Sensitivity and Specificity

Cut point
CorrectlY

Sensitivity Specificity Classified LR+ LR-

(> :4 .6  )  100 .00% 0 .00% 2258% i ' 0000
(  >=  5  )  85 j1% 0 .00% 19 '35% 0 '8571

>= 5.2 ) 85.71% 4.17% 22'58% 0.8914 3'4286> = ) , / )  o ) , l l / 0  + . t t / o  L L . J o / u  w ' v ' - a

> :5 .4 )  11 .13% 4 .11% 19 .35% 0 ]453  6 .8571
> :5 .5  )  71 .43% 8 .33% 22 .58% 0 .1192  3 .4286
> :5 .6 \  71 .43% 16 .67% 29 .03% 0 .8571  1 .7143> :  f  . o  )  I  l , . l ) / o  r t r . u /  / u  L / . w )

>:  5.7 )  7  1.43% 29.17% 38.71% 1.0084 0 9796
>= 5.8 )  71.43% 33.33% 41.94% 1.0714 0 '8571

\  
- -  _ ) . o  )  

t  L . a J  /

i >=5 .9 )  51 .14% 45 .83% 48 .39% 1 '0549  0 '9 i s l
>: 6 ) 57.14% 58.33% 58.06% 1.3114 0.7347
>:  6.2\  51 .14% 62.50% 61.29% I  .5238 0 '685 ' ,>:  6 .2)  51 .14% 62.50% 61.29% I  .5238 0 '68s7
>= 6.3 \  57.11% 66.67% 64.52% 1.1143 0.6429
>= 6.6 )  57 .11% 70.83% 67 .74% 1.9592 0.6050
>= 6.7 \  57.14% 75.00% 70,91% 2 '2851 0.57i4> = O . /  )  J / ' L J / o  t r ' v v / o

>: 6.8 \ 42.56% 75.00% 67]4% 1-7143 0j61e

i t : ;  I  28s1% 83 .33% 70 .91% 1 .7143  0 '8571

i >= 1 .1 ) 28.57% 87 50% 74.19% 2'2857 0'8163
>:  g.7 )  28.57% 91.61% 71.42% 3.1286 0 '1 '792
>: 10.2 \ 28.57% 9s.83% 80.65% 6.8571 0'74s3
>:  1.1 )  0 .00% 9s.83% 74.19% 0.0000 1 '0435
> 14 )  0 .00% 100.00% 71 .42% I  .0000

) \n nrr.rrn. ,ent of  t6e performance of HbAlc using a nerv cut-off  point of  6 ' lok as shorvn in table 2, reveals a

posit ive predict i re vaiue of 36:6%, negat ir ,e predict ive value of 85%, eff ic ienc-v- of 61.14 and a prevaletrce

of 35.: lg%. The correlat ion ancl ReceiVer Operat ive Character ist ic Cttrve (ROC) of the screening are as
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repor ted  in  the  prer ious  s t t rd l  ,  shorv ing  use f i t l l tess  o f  f lbA1c as  a  scrcc t r i t lg  too l  ( i i )

ROC Curve
1 .00

a
>
' 6
c
c)

0 0 0
0.00

1 - SPeciiicitY

Diagonal segments are produced by ties'

Fig 1 shou' ing ROC derived from apperrdix l '

Table 2- Slrorving 2x2 features at a cut-off  Point of  HbAlc of 6.1%

OGTT 2HrPP x  HbA lc

Count
GHbA lc%

I  o l a l< 6 . 7 = > 6 . 7

OGTT2hrpp(mg/dl )  <2oo

=>2Q

0

Total

1I

1 1 0

Z+

7

3 1

CONCLUSION
T'his study has shorvn that the established cLrt-off point of I lbAlc of 6. lo/o,l tas improved the perforrnance

rernarkably as seen in the result.
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