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Diagnostic Procedure:
Threshold Model
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Comparing Two or More Diagnostic
Tests
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For a prevalence of 3% - in every 100 patients

3 will have the
disease
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For a test with a sensitivity of 50%
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For a test with a specificity of 9
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Disease (+) | Disease (=) e
Test (+)| ZBILY) R #(10) a+b(11.5)
Test (—)| wsres 5 1514(87) c+d(88.5)
atc(3) b+d (97)  [at+b+c+d (100)
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False positive rate
= 1-Specificity  (10%)
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For those who don't have the
disease 10 patients will go on
to test positive

Given a positive test what are my

chances of disease doc?

Disease (+) | Disease (—) X
Test (+)[ 26015 1 2(10) a+b(11.5)
Test (—)| WIEH(L5) 3 1542(87) c+d(88.5)
3 atc(3) b+d (97)  [a+b+ctd (100)
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11 ' people have a positive test
Of which 1 %2 have will have the
disease

—33%-¢ehance of having the
disease given a positive test

Given a negative test what are my chances of not having

the disease doc?

Disease ( +)

Disease ( — )

Test (+)| BHE@LE) 13 12(10) a+b(1L5)
Test (—)| w5 3 IE42(87) c+0(88.5)
# atc (3) b+d (97)  [a+b+ctd (100)
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88 1% people

will have a negative test of
which 1 ¥z will have the
disease

Describe the result to your patient
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Positive predictive vale

For every 100 peopie who have
a positive test 13 will have the
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False reassurance rate of
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What happens if | have an negative test
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_‘,_ — SIS bql Negative test pretty much rules
sl el e out the disease but a small

= i number 1-2 people in every 100
Ak L T 1] will still have the disease
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HbA1c as a screening tool for
detection of Type 2 diabetes: a
systematic review

Diabet. Med. 24, 333-343 (2007)




Methods

¥ Databases:MEDLINE,PUBMED and
EMBASE electron databases (1994-
September 2004)

¥ Keywords:‘diabetes
mellitus’,‘screening’, ‘diagnosis’,
‘HbAlc’, ‘fasting plasma glucose
test’and ‘OGTT".

Diabet. Med. 24, 333-343 (2007)

Total citations identified from clectronic and bibliographic scarch (n = 63)

Criteria

Citations excluded on the basis of not including three tests, HbA ., FPG,
OGTT at the same time (n = 22)

Full manuscripts retrieved and assessed for inclusion or o check
references (n = 41)

Articles excluded (n = 31)
Non-sysltematic review or guidelines (n = 8)
blished before new diagnostic criteria (n = 10)
Studies were prospective follow-up design (n = 4)
Studies could not extract accuracy data (n = 5)
Unable to get English full article (n = 4)
Resulis not DCCT aligned and conversion not passible (n = 1)

Primary articles included (n = 9)
Studies based on Asian country (n = 3)
Studies based on Eurapean country (n = 6)

Diabet. Med. 24, 333-343 (2007)
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HPLC: HbAlc=5.7% (SN= 80.0%
Cromin SP=86.3%). HbAlc levels< 4.7 and =
pa— 6.2%have almost 100% accuracy for
=ap=ts| predicting the absence and presence of
type 2 diabetes

- “ 7 DCA2000: HbATc= 6.2% (SN=
Macrovascular Risk and " 72.0%,5P=04 198, an HbALos
" 1 . . I 5.0 and = 6.8% predict the
i 2 el o absence or presence of diabetes,
D | ag nOStI C C rl te ria fo r Type 2 i : :J l_ 2 o respectively, with almost 100%
1 " certainty
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Dlabetes Care 26 -485_4901 2003 = e FPG, the area under the ROC curve was 0.9065.
- 2 ol i FPG = 6.0mmol/l (SN= 74.1%, SP=94.5%) .FPG
s = iizk L levels<4.7 and = 6.4 mmol/l had almost 100%
. R [ e accuracy for detecting the absence or presence of
ax type 2 diabetes.
ne
T

HbA1c as measured by HPLC and DCA2000 for detecting type 2 diabetes, compared with
OGTT, were 0.893 and 0.911, respectively (P=0.77) Diabetes Care 26:485-490, 2003

Fasting plasma glucose and
HbA1c to predict diabetes

¥ N=2,877 Hong Kong Chinese subjects

Fasting plasma glucose and * These subjects had known risk factors for glucose

3 g intolerance and were referred to the Diabetes and

HbAlc to predICt diabetes Endocrine Center of the Prince of Wales Hospital
for diabetes screening.

* The risk factors for glucose intolerance included a
family history of diabetes

¥ history of gestational diabetes
¥ Obesity
¥ history of impaired glucose tolerance.

Diabetes care, volume 21, number 8, august 1998

DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998

Fasting plasma glucose and Fasting plasma glucose and
HbAlc to predict diabetes HbAlc to predict diabetes

¥ The test was performed after 3 days of

FPG HbA,.  Number 75-g OGTT

normal carbohydrate intake and physical mmold) (%) _of subjects  Normal 6T Diaberes
activity and after an 8-h fast. =56 =85 80 132 221 527
=56 <55 143 64 52 27
¥ i 1 <5.6 =55 965 683 234 48
No smoking was allowed during the test. <56 <55 B0 714 150 25

¥ FPG and 2_h PG were measured together Total 2,877 1,003(56.4%) 657 (22.8%) 627 (21.8%)

with HbA1 c and fructosamine.

¥ Both the WHO and ADA criteria were used
for the diagnosis of glucose intolerance

DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998 DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998




Fasting plasma glucose and
HbALc to predict diabetes

FPG Fructesamine  Number 75-g OGTT

(mmoal/l) (pmol/l)  of subjects  Normal ICT Diabetes
=54 =235 695 154 164 377
=54 <235 254 142 69 43
<64 =230 684 546 102 36
<04 <235 775 660 108 7

Total 2,408 1,502 (52.4%) 443 (18.4%) 463(19.2%

DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998

Fasting plasma glucose and
HbAlc to predict diabetes

WHO and ADA criteria
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Fasting plasma glucose and
HbALc to predict diabetes

FPG HoAe  Number 75-g OGTT

(mmol/l) (% of subjects  Normal 1GT Diabetes
[=56 880 132 221 5| |

=56 143 64 52 27

<56 965 683 74 = |

=00 Litite] 1T T50

2877 1,503 (55.4%) 657 (22.8%) 627 (21.8%)

D(+) Wlm
Test (+) B 32148515 [
Test (- 52 98
= S 1 eavearrianis0-om0 |

DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998

Fasting plasma glucose and
HbALc to predict diabetes

FPG HoAye  Mumber 75-g OGTT
(mmol/l) =) of subjects  Normal 1GT Diabetes
880 132 221 527 |
143 64 52 27
965 683 234 48 |
880 714 150 25
2,877 1,503(56.4%) 657 (22.8%) 627 (21.8%
DM
D(+)  |D() ) ! ' -
Test(+) |575 1270 SN(%)=575/(575+52) x100%=91.7%
Test () 52 980 SP(%)=980/(1270+980) x100%=43.6%

PLR=0.917/(1-0.436)=1.63
NLR=(1-0.917)/0.436=0.19

DIABETES CARE, VOLUME 21,
NUMBER 8, AUGUST 1998

Fasting plasma glucose and
HbAlc to predict diabetes

FPG  1b&.  Number 75-g OGTT
{mmold) (%2 of subjects  Normal 1IGT Diabetes
[ =58 =55 580 132 221 527
=56 55 143 54 22 27
[<56 965 683 714 I
<56 580 714 150
oAl 2877 1503 (55.4%) 657 (22.8%) 627 (21.8%
|
D(+) 221+234+527+48=1030 |
Test (+) 1030 = leis I 132w6e=0(5 ]
Test (-) 254 778<7—‘

DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998

Fasting plasma glucose and
HbALc to predict diabetes

FPG HLA,.  Number 75-g OGIT
(mmolfl) (%) ofsubjects ~ Normal IGT Diabetes
[ =58 880 132 221 521 |
=56 143 64 52 27
[ <56 955 683 234 48 |
<56 880 714 150 25
2877 1,503 (55.4%) B57(22.8%) 627 (21.8%)
IGT
D(+) D(-)

SN(%)=1030/(1030+254) x100%6=80.2%
SP(%)=778/(815+778) x100%=48.8%
PLR=0.802/(1-0.488)=1.57
NLR=(1-0.802)/0.488=0.41

Test(+) |1030 |815
Test(-) |254 778

DIABETES CARE, VOLUME 21,
NUMBER 8, AUGUST 1998




Fasting plasma glucose and

HbAlc to predict diabetes
FPG HbA,.  Number T5-g QGTT
L (mmolll (%) of subjects ~ Normal 1IGT Diabstes
=56 -5 880 132 221
: <55 143 84 52
=56 =55 965 | 683 234 | 48
=56 <55 830 714 150 25
1_ Total 2,877 1,503 (554%) 657 (22.8%) 627 (21.5%)
Dl 527+27=554 —— bo) 132+221+64+52=469
Test (+) 554 469
]
Test (- 73 \—\ 178
&) 48+25=73 |7 Ga3+234+ 14+ 150=1781

Fasting plasma glucose and
HbALc to predict diabetes

75-g OGTT
MNormal IGT

HbA,.  Number
(%) of subjects

Diabetes

880 122 221

965 234

889 714 150

I Total 2,877 1,503 (554%) 657 (22.8%) 627 (21.6%)
DM
D(+) D(-)

T = J60 SN(%)=554/(554+73) x100%6=88.4%
Test () e o SP(%)=1781/(469+1781) x100%=79.29

DIABETES CARE, VOLUME 21, NUMBER 8, AUGUST 1998

DIABETES CARE, VOLUME 21,
NUMBER 8, AUGUST 1998

PLR=0.884/(1-0.792)=4.25
NLR=(1-0.884)/0.792=0.15

Fasting plasma glucose and
HbALc to predict diabetes

Fasting plasma glucose and
HbALc to predict diabetes

FPC HbA Number 75-g OGIT
FPC HbA,  Number 75-g OGTT Likelihood ratio I al o le
{mmail /) (%) of subjects  Normal ICT Diabetes  Abnormal  Diabetes (i %) of subjects Normal =) Diabetes
=uh = 132
=66 =55 880 122 7.03 5.36 =46 §§ fig b4
=if oRh 148 L53 081 =56 | =55 055 683 234 18
<56 | =55 085 583 234 48 051 0.10 e D b o o
<88 | <55 880 714 150 25 0.30 0.10 . - -
9%, .8%) &)
| Tow 2877 LSG(554%) 057 (2299 627 (2L5%) = Total 2877 1508 (54%) GS7(22:8%) 627 (218%)
D( D(-) D(+)  |D() L
+| = _ + =
144N 421-821 1324642196 SN(%6)=827/(827+457) x100%=64.4%
Test (+) 827 ——"""""19 Test (+) 827 |19 (%)=827/( ) x100%=64.4%
_ X SP(%)=1397/(196+1397) x100%=87.7%
Test (-) 458 aa150+48+25-457 | 1397 Test (-) 457 1397 (%) ( )
683+714=1397 PLR=0.644/(1-0.877)=5.24
DIABETES CARE, VOLUME 21, DIABETES CARE, VOLUME 21,
NUMBER 8, AUGUST 1998 NUMBER 8, AUGUST 1998 NLR:(1.0644)/0877:041
Criterion Colagiuri et al. L Mammson o al
Age (year) > 25 yeass summary Qren
statistics not reported (5-T0n
No. and 10 44 218
gender (M/F) I«'-\.«
A P ge IGT: HBALC had a lower
aslts of tests sensitivity and specificity
) tsa IGT: HBALC had a lower <
e LT sensitivity,but higher ] M B
Sp (%) 828 ss2 specificity %) X
Likelibood ratio Lidchbood ratx -
PLR 4.58 356 HR ;llt‘;:. :!n(:l.ui
NLR 026 0.66 HNLR .:(nﬂ.ll :"_;
PG o .
z:':jll point (mmol/l T);T =6.1 IGT FPG had a |OWeI’ 4 ,(:-.
sa (%) o5 axe sensitivity %)
51.9 34 106 Fis
Sp (%) 9.9 93.9 Spi%l :( :CKI I\I‘I:I
Likelibood ratio Libchbood raixs
PLR 398 10.4 MR 10 178
32 - L% el
NLR 025 0.39 NLR on 2
0ss 0.65 C ‘.XI
ROC curveavailable No ROC oarve svailible Ve {for KGTH
Diagnose criteria WHO (1999) Driagrase critess WHO [199%
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HbA1c had higher sensitivity
but lower specificity than FPG
to diagnose diabetes at
different cut-off points

e

Diabet. Med. 24, 333-343 (2007)

Results by cut-off point

Cut-off HbAlc FPG
point =>59(=6.1=6.2|=6.1 |=5.6

SN (9% ) |76-95|78-81|43-81|48-64 |80-88

SP (%) |67-86|79-84|88-99|94-98 |79.2-85.8

Diabet. Med. 24, 333-343 (2007)

Conclusions

¥ HbAlc and FPG are both equally effective as
screening tools in early detection of Type 2
diabetes, but neither of the tests is effective in
detecting IGT

¥ OGTT is therefore still required to diagnose IGT.

¥ need for the standardization of HbAlc
measurements worldwide to allow meaningful
comparison of results across laboratories.

Diabet. Med. 24, 333343 (2007)

Review: glycated haemoglobin Alc and fasting
plasma glucose screening tests have similar
sensitivities and specificities for early detection of
type 2 diabetes

EBM Volume 12 October 2007




Review: glycated haemoglobin Alc and fasting plasma
glucose
screening tests have similar sensitivities and specificities
for early detection of type 2 diabetes

Operafing charadteristics of the HbA,  and FPG tests for ecrly defection of type 2 diabefes*

Diagnostic fests Number of frials )]~ Cut-point Sensitivity Specificity +IR AR

HblAc 11(864) =59%% 76% 86% 54 0.28
1) 95% 67% 29 007
11(2877) =61% 78% 7% 37 0.5
1) 81% 4% 51 0.3
11503 =62% 43% 9% 107 0.58
1) 81% 88% 68 0.2

PG 1(2877) =56 mmol/| 88% 7% 43 015
11503 80% B86% 54 0.24
1) 261 mmol/l 48% 8% u 0.5
110 447) 64% % 10 0.3

EBM Volume 12 October 2007

Conclusions

¥ The HBALc and FPG screening tests have
similar sensitivities and specificities for
early detection of type 2 diabetes.

¥ The HbAlc and FPG tests have lower
sensitivities for detecting impaired glucose
tolerance.

EBM Volume 12 October 2007

Commentary

¥ Any single HbAlc cut-point to rule in or rule out
diabetes would lead to significant misdiagnosis.
Hence, separate HbAlc values may be needed:
¥ one that clearly rules out diabetes mellitus and a higher
HbA1c value that clearly rules it in.
* Patients with values between these thresholds would
need to proceed to an OGTT.

* At this time, clinicians should continue to use the
current approach of screening high risk patients with an
FPG test and recommending an OGTT if the value is
>5.6 mmol/l.

EBM Volume 12 October 2007




