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Abstract: Glycated hemoglobin (HbA | ) has recently been recommended for the diagnosis of
type 2 diabetes mellitus (T2DM) by leading diabetes organizations and by the World Health
Organization. The most important reason to define T2DM is to identify subjects with high risk
of diabetes complications who may benefit from treatment. This review addresses two ques-
tions: 1) to assess from existing studies whether there is an optimal HbA  threshold to predict
diabetes complications and 2) to assess how well the recommended 6.5% cutoff of HbA
predicts diabetes complications. HbA  cutoffs derived from predominantly cross-sectional
studies on retinopathy differ widely from 5.2%—7.8%, and among other reasons, this is due to
the heterogeneity of statistical methods and differences in the definition of retinopathy. From
the few studies on other microvascular complications, HbA  thresholds could not be identified.
HbA  cutoffs make less sense for the prediction of cardiovascular events (CVEs) because CVE
risks depend on various strong risk factors (eg, hypertension, smoking); subjects with low HbA
levels but high values of CVE risk factors were shown to be at higher CVE risk than subjects
with high HbA _levels and low values of CVE risk factors. However, the recommended 6.5%
threshold distinguishes well between subjects with and subjects without retinopathy, and this
distinction is particularly strong in severe retinopathy. Thus, in existing studies, the prevalence
of any retinopathy was 2.5 to 4.5 times as high in persons with HbA  -defined T2DM as in
subjects with HbA  <6.5%. To conclude, from existing studies, a consistent optimal HbA
threshold for diabetes complications cannot be derived, and the recommended 6.5% threshold
has mainly been brought about by convention rather than by having a consistent empirical
basis. Nevertheless, the 6.5% threshold is suitable to detect subjects with prevalent retinopathy,
which is the most diabetes specific complication. However, most of the studies on associations
between HbA | and microvascular diabetes complications are cross-sectional, and there is a
need for longitudinal studies.

Keywords: diabetes mellitus, diagnostic criteria, diagnosis, HbA  , retinopathy

Introduction

Both the American Diabetes Association (ADA) (2012) and an International Expert
Committee (IEC) (2009) recommend a glycated hemoglobin (HbA ) level of 6.5% as
a cutoff for the diagnosis of type 2 diabetes."> Whereas the IEC considers the HbA
as a superior criterion for diagnosis of diabetes, the ADA still sees the HbA,  and
glucose-based criteria (fasting plasma glucose [FPG] and 2-hour plasma glucose) as
equivalent for the diagnosis of diabetes. The World Health Organization (WHO) joined
the ADA position and also recommends an HbA, level =6.5% as a diagnostic criterion.’
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However, in the WHO report, it was stressed that subjects
with HbA | <6.5% can still be diagnosed with diabetes by
glucose-based criteria. As for prediabetes, there is still more
disagreement: the members of the IEC are in favor of eliminat-
ing the category of prediabetes because the risk of diabetes
as measured by the HbA is continuous. Nevertheless, the
IEC recommends that subjects with an HbA,  in the range
of 6.0%—-6.4% should be given interventions. The ADA
recommends using either HbA _levels (5.7%-6.4%) or the
old FPG (100-125 mg/dL) or the oral glucose tolerance test
(140-199 mg/dL) criteria to define prediabetes.

There has been an intensive discussion on benefits and
drawbacks of the HbA _ for diagnosing diabetes, which has
already been summarized in many reviews.*® An overview
of pros and cons of the HbA  was given by Bonora and
Tuomilehto.* In brief, there are some obvious advantages
of the HbA : there is no need to fast, the HbA does not
reflect acute events like stress or vigorous physical exercise,
the preanalytical stability is larger than in glucose measure-
ments, and coefficients of variation are lower than for FPG
and oral glucose tolerance test. An important drawback of
the HbA as a diagnostic criterion is its dependence on vari-
ous nonglycemic factors.’ Factors which go together with a
decreased turnover of red blood cells, like iron deficiency,
renal failure, or vitamin B12 deficiency, lead to higher HbA
values, whereas factors which coincide with shorter life spans
of red blood cells, like hemolytic anemia and chronic liver
disease, lead to lower HbA  levels. Twin studies showed
that HbA | _levels also depend on genetic factors.” Individual
characteristics like hemoglobinopathies (hemoglobin [Hb]
S, HbC, HbD), age, and ethnicity also have a strong influ-
ence on the HbA . Given an identical glucose level, HbA
levels were shown to increase by 0.4% for the age range of
40-70 years.'*!!" Ethnic differences have been found, for
example, in Afro-Americans who have considerably higher
HbA _levels than Whites after adjusting for age, sex, FPG,
2-hour plasma glucose, and other metabolic factors.'? In a
UK multiethnic cohort, South-Asians had a higher HbA
than White Europeans. '

Focus of the present review

Although the HbA | has been adopted for diabetes diagnosis,
there are still various open questions related to the HbA -
based diagnosis, which have been recently summarized by
Sattar and Preiss.'* These authors were right to point out that
there is no gold standard for the definition of diabetes, and
that therefore, it is not important to what extent different
diagnostic criteria diagnose the same subjects with diabetes.

However, perhaps the most important open question is, how
well does HbA | predict complications. This was stated as
early as 1994 by McCance et al:" “Ultimately such tests can
be judged only in terms of their ability to predict a relevant
clinical end point, such as the specific complications of
diabetes.” An identical statement was made in 2009 by the

IEC on the role of the HbA in the diagnosis of diabetes:

“The ultimate goal is to identify individuals at risk for dia-

betes complications so that they can be treated.”

Therefore, the leading questions of this review are the
following:

1. Isthere an optimal threshold of the HbA _to predict com-
plications, including retinopathy and other microvascular
and macrovascular complications?

2. How well does the recommended HbA threshold of 6.5%
fulfill the goal of predicting diabetes complications?

3. In view of the strong dependence of the HbA, on eth-
nicity, some authors have brought up the issue of ethnic
specific cutoffs. Therefore, the question is, are there
ethnic differences in associations of HbA  levels with
diabetes complications?

Sattar and Preiss stated that to judge the ability of diag-
nostic criteria to predict complications, the focus should
be on microvascular complications, not on macrovascular
complications.' They argued that newly diagnosed dia-
betes has now been shown not to be a full equivalent of a
former myocardial infarction as previously believed, and
that patients with diabetes benefit so strongly from medica-
tion, that cardiovascular risk can be brought down below
20%. All the same, macrovascular complications will be
taken into account in this review because in persons with
diabetes, the burden of disease caused by macrovascular
complications is much larger than that of microvascular
complications.

Methods

To identify literature addressing the associations between
HbA, and microvascular complications, several strategies
were used for this narrative review. In the PubMed database,
the following terms were combined as medical subject head-
ings or text words: “HbA, ” and (threshold or cutoff or cut
point) and (microvascular complications or retinopathy or
neuropathy or nephropathy or albuminuria). Moreover, an
overview published by the WHO in 2010 was used.'® Cross-
sectional and longitudinal studies were included. For literature
identified, we checked the Web of Knowledge citation index
for other papers which had cited this literature. Literature
on the associations between HbA, and macrovascular
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complications was identified in a similar manner, and two
recent meta-analyses were taken into account.!”!®

Is there an optimal threshold

of the HbA, for microvascular
complications?

Retinopathy

Ideally, thresholds of HbA _ for retinopathy are determined in
away that subjects with HbA _levels above the threshold have
amuch larger probability of having or developing retinopathy,
and subjects with HbA  levels below the threshold have a
much lower probability of having or getting this microvas-
cular complication. Table 1 shows characteristics and main
findings of studies done to identify thresholds of HbA  for
retinopathy. Cutoffs range widely from 5.2%—7.8%. In some
studies, like the Atherosclerosis Risk In Communities (ARIC)
Study, no threshold could be identified." In a further cross-
sectional study carried out in Malay people, no threshold was
found when change-point models were used for detection of a
cutoff.?’ In addition, areas under the receiver operating curve
(AROCs) were reported for a few studies. These AROCs
can be seen as a measure of how strongly HbA  _is related
to the prevalence or incidence of retinopathy. Most AROCs
reported for the association between HbA | and prevalent or
incident retinopathy are in the range of 0.7—0.8 which can be
interpreted as moderate to fairly good. However, in the ARIC
and in the Data from an Epidemiological study on the Insulin
Resistance syndrome (DESIR) study, lower AROCs were
found."”?' The sum of these studies suggests that HbA _is
associated with prevalent retinopathy, but there is no evidence
of a consistent threshold.

Contrary to this conclusion, the recommendations of the
IEC to diagnose diabetes by a cutoff of the HbA  of 6.5%
were based on the assumption that there is a sharp and con-
sistent threshold.? In the IEC report, much importance was
attached to recent findings of the Evaluation of Screening and
Early Detection Strategies for Type 2 Diabetes and Impaired
Glucose Tolerance (DETECT-2) study.? In DETECT-2,
data from nine studies and five countries were pooled, and
the number of participants was 44,623. For HbA , a low
prevalence of retinopathy was seen until the 17th vigintile,
which was followed by a sharp increase. From vigintiles of
HbA , a threshold range of 6.3%-6.7% was derived; from
continuous levels of HbA , a similar threshold range of
6.5%—6.9% was identified. Finally, a cut point of 6.4% was
seen as optimal in receiver operating characteristic curve
analysis. It was mainly from these DETECT-2 findings

that the IEC recommended a cutoff of 6.5% for the HbA -
based diagnosis of diabetes. Moreover, the IEC referred to
three epidemiological studies done in the 1990s. This is the
study on Pima Indians, on Egyptians, and on US subjects
participating in the National Health and Nutrition Examina-
tion Survey (NHANES) study.!>?*2* For each of these three
studies, prevalence of retinopathy was shown by deciles of
HbA , and fairly sharp inflection points were seen by visual
inspection.

Ideally, to look for associations between measures of
glycemia and long-term complications, longitudinal stud-
ies with subjects free of diabetes and free of retinopathy at
baseline should be carried out. However, DETECT-2 is a
cross-sectional study, and subjects with known diabetes were
not excluded, and this applies also to the other three studies
mentioned above. Actually, most of the studies presented in
Table 1 are cross-sectional studies. So far, there are only three
longitudinal studies looking at the association between HbA |
and retinopathy. However, in the Hoorn study, the number of
participants was so low that no threshold was reported.” In
a recent study on Japanese subjects, follow-up was 3 years,
and a threshold range of 6.5%—6.9% was calculated.? In the
DESIR study, the follow-up was 10 years, and a threshold
of 6.0% was derived.?!

There are several reasons why thresholds of HbA  for
retinopathy differ so widely in the studies done so far. First,
there is a considerable variation in (statistical) methods of
determining the cutoffs from HbA  data and prevalence or
incidence data of retinopathy. As can be seen from Table 1,
the most often used methods are visual inspection; calculation
of the cutoff, which belongs to the maximum Youden index
(the Youden index is the sum of sensitivity and specificity
minus 1); change-point models; and logistic regression
analyses. Interestingly, thresholds varied strongly even for
the same data when different methods were applied. To
give an example, in the Australian Diabetes, Obesity and
Lifestyle study, the cutoff was 6.1% by visual inspection.”
When change-point models were used, results strongly
depended on model adjustment. Without any adjustment, a
threshold of 5.2% was calculated; with adjustment for age,
sex, and blood pressure, the threshold was 5.6%, and after
a more comprehensive adjustment, the cutoff was 6.0%. In
the DETECT-2 study, and the studies on Pima Indians and
Egyptians, unadjusted analyses were done.!>?>%

Second, results depend widely on the definition of
retinopathy. In the NHANES study, and the two studies on
Pima Indians and Egyptians, strong associations between
FPG and retinopathy had been reported with a sharp FPG

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2013:6

submit your manuscript

479

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Kowall and Rathmann

(panunuo))

%C1%0T

1°06

998

Sv6°0 %L'S

perioda.l PloysaY OU (%7 'S-%EY ~YqH 03 pauedwiod % | g |—%8'S 4O
a8ues ay3 ul 'yqH Joy Aysedounzaa jo sdUBpIdUL LI BSBRUDU|

X9pUl USPNOA JO WNWIXE|]

(K10827ed

wisijoqelaw asoon|3 ‘uoisuanuadAy

‘xas ‘o3e .oy paisnipe) *'yqH jo
$91103918D YaIM [9pow dsISoT

$3|199p uanbasqns usamiaq
Ayredounau jo aduajeasud

UoNEIISSE|d
asnoH a4y Aq Suipesd
UIIM UONBUIWEXS SNpUNY

91BpNXa pJey Jo
‘98eyJioway ‘wsAunaueoadiw
SUO 15B3| 3B JO 9DUSDIY

$319qEIP UMOWD| YIIM
s323[gns jo uoisnjaxa ou
tsaeak ¢/—0f o5 tosauede(
£€9°| ‘[eUOIID3S-5501D)
s919qeIp IN0oYIM $123[gns
ui pue dnoug Apmis [e303 ul
sasAjeue ‘saeak /-G 93e
‘EET=U sIeh 0] | 6L
dn-moj|o} ‘JeuipniiduoT]
$919qEIP UMOUD| UM
$123[gns jo uoisn[axa ou
tsaeak g6—9| 93 ‘Gpe| Ul
uoneIpe. qUoq dIWole

0} pasodxa asauede[

wAPNIs eweAesiH
‘[e 39 plezedlly

sAPMs ulooH
‘[ 39 USpIaT UBA

%01 /%T Y N uN - %€, ul se3ueyd JuBdIUSIS JO 39| Aydea3oroyd snpuny jessaeig 80T‘T| {[euUOnIs-ssouD) ¢4|B 39 03]
3|199p saeak /—0f 3¢ welll SINVHN
N N N - %9 Y30| PUB Yig U9aMIDQ 9SBaIDU| AydeaSoroyd snpuny {1 T8'T=U {|eUO1IdDS-SSOID) 99131WWod Juadxg
(uoneoipaw s1wad4|3uadAynue
Yaim s123[gns 3uipnpoxa) a)129p papn|axe 10u
%9'5/%81 AN AN %S°L  WOI PUB Y36 USIMISQ 3sealdu| $9319GEIp Yaim $303[gns
(uonejndod aunus) ajap Aydea3oroyd tsueak gz= o8¢ ‘suendA3g
%S/%8T %8L %8L - %69 28 PUE Y3/ USSMIDQ 9SBI.IDU| SNpuny [eunaJ [eJa3e|ig 810°| ‘[eUOIII3S-5501D) ¢zI® 30 nedjasug
sueak g Jaye
Ayredounau jo aduspidul jo
JUDWISSISSE {PIPN|IXD DIOM
aulaseq Je JusWILa.}
S1Wad4|80dAy [eao o
%1 1/%6TT Homnd uonnquasip ~'vqH Ayredouna. uinsul 3ulAieda. $123[gns
MO[2q/aA0qE |epowiq e jo siusuodwod sAneJayijo.d o s8eyJiowsy Jo tsaeak gg= 93¢ ‘suelpu|
S9SED JUSpIdU| - - - %8/ oma a3 jo aulod Suissodd WSAINSUBOIDIW SUO 3583 1Y BWI4 096 ‘[BUIpPISUOT 518 39 9d2uBDD)
N /%8 1'8L AN %0°L X9pUl USPNO A JO WINWIXE} UOoNBUIWEXD ISE| 9] 1B
J/loww |7 | Juaunea.) dlwadA3odAy
N 89/ €18 - %19 JO JJound Hyyg 01 JudfeAInbg [edo Jo ulnsul 8ulAIa
uonnquasip ~'vqH Ayredounau $123(qns Jo uoisn|oxa
|epouwq ® jo syusuodwiod aAneJayijo.d Jo ageyJiowsy Jo tsaeak gg= 93¢ ‘suelpu|
%E1/%9°S | 9'/8 9'59 - %8’/ oml a3 jo autod Suissodd WSAINSUBOIDIW SUO 15B3)| 1Y BWI{ 096 {[BUONIIS-SSOID) 51[€ 39 2dUBDD}
}J03INd Mojaq/aAoqe 303nd Suluiwiaelep soislI9dEIRYD
Aysedounou jo saseny  Aypywads  LJapIsuss DOYV  Ho3nD JO UOLI9IID/POYISIY Aysedounzaa jo uoniuyaqg uonye|ndod Apn3g Apms

Aysedounzau 3uspidul Jo JusjeAa.d Joy sploysalys *'\yqH JO UOIEOYIUSPI Y3 UO SAIPNIS | gL

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2013:6

submit your manuscript

480

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Optimal HbA, cut point for the diagnosis of type 2 diabetes

Dove

(panunuo?y)

*'VqH o 3uswaIdul % |
Jad JoInd mojeq aseauoul

%8°0/403N> SAOGE
Aupedouna. Jo aousfesud

uonedipaw d1wadA|SodAy
uo s123(gns Jo uoisn|axa

Ul 932Ul %50 - - - %S°S J9ye uoissaugau ujoduiof
*'\YqH jo sauswdul |
%8S :uoissaugda. autoduiof
syujodind
%S°S BWld :uoissaJdau uroduiof
*'VaH o 3uswaIdul % |
Jad yoind mojaq aseauoul 9eds A11aAas SYl13 Aq
%L°0/3#03N> dA0qe | = 9J03s B SE pauljop sem
Ayaedouna. jo sousjers.d Ayyedouns. sydes3oioyd saeah Qp= 98e ‘suedlawy ~APMS SINVHN
ul aseaudul % /7| L€ 08 12°0 %S°S s3[199p :uoissa.gau yujoduiof JnelIpAWUOU (G OM | 990°| ‘[eUON23s-550.4D) ‘le 39 8uay>D
paAJasqo
ploysaJya Ayredouna. sresspow
oN 1oy [opow juiod-a3ueyD
paAJasqo
ploysaJys Ayredouna.
oN p|iw Jo} [9pow juiod-aduey)
paAJasqo
ploysaJaya Ayredounau
oN Aue Joy |opow jujod-a3uey
Ayredouns. aresspow 1oy
%80/%8'S 1 €78 678 ¥06°0 %0°'L X9pul USpno A jo Uoheziwixey
Ayzedounau pjiw Joy (£y< @avI9pOW OT= PlIW papn|axa
N 7 0.8 6680 %99 X3pUl USPNO A O UONBZIWIXE].| ‘g| = Aue) sau0ds SYql3 10U $919qeIp Yum $323lgns
Ayredounsu Aue oy Aq pauyep sem Ayredounsu tsaeak 08— 2S¢ !o|doad w83
% LI%Y SE 0's8 X $52°0 %0°L X3pUl USPNO A JO UONEBZIWIXE| tsyde3oroyd snpuny [ensip om| KeJel 06| ‘€ ‘[BUONIDS-SS0D wedeAeueqes
uoneunp sa1aqelp
Joj 3usunsnipe Jayaany
N YN N - %0'9 yam [ppow Jutod-asueyd
aJnssaud poojq ‘xas ‘98¢ 4oy
YN UN N - %9'S paisnipe [opow 3ulod-adueyd
juaunsnlpe
N N N - %TS noyum |apous ujod-adueyd
punoy se19qeIp
ploysaJya (uonesipaw 21we24|3odAy uo wisAInaueo.IdIW J0/pue umouw| yam s1dalqns jo
oN $123[qns Jo UOISN|IX3) [BNSIA 93ey.lowsy [eUnLJ dIUYSP uoIsn|axa ou ‘seah gz= o3e APn3s qeigsny
%9°9/%E" 1T N N - %19 (uonejndod |e103) [ensIp 9UO 1SB3| JB JO IUISAUJ ‘T8 ‘T=U ‘|euoI1d9s-5504D) ‘[e10 dde)
3J03Nd Mojaq/aA0qe 3o3nd Suluiwaalap soi3siiadelRYd
Ayyedounsu jo sasen K3pypadg £31An1suag 204V Joino JO UOLIDIID/POYID Ayjyedounau jo uoniuyag uonendod Apmyg Apmyg

(ponunuod) | ajqeL

481

submit your manuscript

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2013:6

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Kowall and Rathmann

(panunuo))

(uonesipaw diwaASuadAynue
Suiaiedau s193[gns jo

916 109 - %19 uolsn|dxa) uolssaJusa. uioduiof
(o)dwres
N 1'78 1'58 - %p'9 [e303) uoissaJ3au auiodulof
(uonesipaw
o1wadA|31adAynue 3uiadau S919GEIP UMOWD| YIIM
$103(qns Jo uoisn|oxa) s109[qns jo uoisnjaxa ou
9'€é L£09 STLO %69 XSpul USpno A jO UoReZIWIXe|y f/1oww 9°'9= Hdd
(s)dwes [e102) Aydes3oroyd tsueah g/—g| 93e fasaulyD
N 0'88 158 $98°0 %89 X3pUl USPNO A JO UONBZIWIXE|| snpuny [eupaJ [e4a3e|ig | §S‘T ‘[eUONDIRS-SSOID) 0el® 39 UIX
(uonngriasip ajpUISIA papn|oxe
01 pai|dde) usuad Apnis Joy 10U (%8°€ 1) s232qEIp
- »1'88 878 — %1'9-%E9 paisnipe uoissaugad onsido S31pn3s Usamiaq umow] yam s123(qns
(uonnquasip snonupuod Ayredounau Buissasse pue tsaeak g/—07 98e £79'pp=u
01 payjdde) J4s3uad Apnis Buikyisse|d jo spoyaw {S3113UNOD BAY WO. zUoneIoqe||0d
- 0168 »1°08 - %6°9-%S'9 Joj pazsnlpe uoissa.3a. dnsiSo uJayIp ‘sydeaSoroyd S31pNIs SUlU JO sisAjeue 7-1D313a
- 0'/8 S8 - %¥'9 X9pUl USPNO A JO WINWIXE} [euna. 9|qepe.s jo asn pajood ‘euondas-ssoad ‘le 39 1nidejoD
(§€= 2JaA3s 01 MeUopOW
(859°0 :Ayredounau a4aAss 01 aelapowl 10} HOYY pPloysaJyy jo ‘071 Pliw ‘§| > duou)
£45°0 :Ayredounad pjiw 4o} DOYY uonedo| 01 30adsaJ YIM onel $2403s $Y.L3 Aq pauyep s9319qelp
196°0 :Ayaedounsu Aue 4oy DOYY) pOoOYI|9)1] JO UonRZIWIXEW sem Ayzedouna. tydeidoroyd UMOU>| INOYIM s133lgns o APNIS DYV
ploysa.y3 & Jo 9ouasa.d Joj 92USpIAS ON| Yaim sjppow auiids-o1qnD [eunnad (Gj dnBPAWUON #8501 {[BUONDIRS-SSOID) ‘| 39 UIA]9S
saeak G9—0¢ 93e ‘A|9Andadsau
“IP/BW 0| | > Ddd Pue
“IP/BW STI-01 | 19A3]
Ddd Yam ‘(AjpAndadsau
‘ge7=u pue s7z=u) sdno.3
paymewW J21udd Apms
S[9SSOA MaU o pue ‘xas ‘93e om1
‘uipas|q sNouaA ‘sepIjeW.IOUqE pue ‘s319qeIp Yam
JB|NdseAOIDIWE.NU] ‘s10ds [oOM s103(qns ggg jo dnoud
59N[eA -uonod ‘sarepnxa ‘sadeyloway auo ‘{po/=u ‘dn-mojjo} ZAPMIs YIS3a
N %6 %61 $9°0 %09 2AndIpaud aAnisod ur aseaudu| ‘swisAInaueoudiw Yaim s13[qng Jeak o] ‘JeurpmiduoT] ‘[e 19 uIssely
3J03INd Mojaqg/aAoqe 30o3nd 3uluiwas3ap soisLIvdeIRYD
Aysedounyou jo saseny  Aypypads  AAapiIsuss DOYV  Ho3InD }O UOLI9ID/POYISY Aysedounzau jo uoniuyaqg uone|ndod Apnmag Apms

(panunuop) | ajqeL

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2013:6

submit your manuscript

482

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Optimal HbA, cut point for the diagnosis of type 2 diabetes

Dove

‘pa1doda 30U ‘YN ‘ASAINS UOIRUILEXT UORIIINN] PUB U3[esH [euoneN ‘STNVHN ‘ulqojSowsy paied4|8 | yqH @s0anS rwsed Sunsey ‘D44 ‘Apms Aysedounsy snaqeiq
Juswiead ] Alies :gyld ‘@duedajo ] asodn|o) padiedw) pue sa1aqelq 7 9dA] Joj saiSareng uonsaaq A|1e3 pue Sujuaaudg jo uonen|eAs ‘z-1 D313 DWO.PUAS 2dURISISaY uljnsu| ay3 uo Apnig [edidojolwapidy ue wouy eI “Y|S3A Apnis ajkasay
pue A11seqQ s9319qeI UBI[RAISNY ‘QRISNY 9AIND d13slio3de eyd 3unelado USAI9RL 8y JSpUN BaUR ‘DOYY SSIIUNWWOD) Ul YShy SISOII|ISOIRIY ‘DIYY (UONBIDOSSY $939qel( UBdLBWY ‘YQY 9502n|8 'wse|d Unoy-7 ‘Ddyg :SuoieiAsIqqy

-28UEJ 93 JO SPPIW BY3 .I0} PRIEIND[ED BIBM SIN[EA, "SIOYINE BY3 AG PISSBSSE 10U SEM ING JOIND U3E.IE| YdNW & 03 PEd| Pjnom 'yqH auljeseq o3

Buipaodoe Ayzedounaa jo Adusnba.y ays jo uondadsul ensip, 'sioyine sy Aq pa3g|Nd[ed sem ploysaJyl mojaq Ayredounia. Jo 9UD[BAD.Id, "9XeISIW B A|SNOIAQO SI (466 |) [B 30 9durDD| Aq Joded ay3 jo 7 9|qe Ul pa3edIpul %}'6,, ON[BA 9Y | . :S9ION

%E°0/%9°9 £'88 I"LL - %69
%L°0/%S°01 0'68 €89 - %69
%E'0/%9°9 L'88 I"LL - %69
%L°0/%S°01 0’68 €89 - %69
%€°0/%9°9 £'88 I'LL ¥80 %69
%59°0/%V'8 8 9L €80 %99

- %69-%S99

(100°0=d :AuJeaUIjUOU .10} I531)
0L PUE (°9 U32MI2q S[oAR] *'\YqH e ploysaip |qissod,,

(80°0=d :Aaueaurjuou Joy 1593)
Ayredouna. jo adusfeasud 4o} punoj pjoysaays oN

SOUYAA U S|2A3] "'YQH JoUSIY Te,, ‘SIPRIG UI %S’ JBRU,, JoanD

Ayyedouna. auaAss/a1EI9pOW
:(ausunsnipe s|qelIeAn|NW)
uolssa.ga. dnsidon
Ayzedounau Aue

:(ausunsnlpe s|qerieAR|NW)
uolssaJu3au d11si3o
Ayzedounau auaAas
/o1e49pow :(paisnipeun)
uolssau3ad o1sidoT
Ayredounau Aue :(paasnlpeun)
uolssaa3au d13siIoT
Ayredouna. aJaaas/arelopow

:Xapul uspno A JO uoneziwixe|l,|

Ayzedounau Aue

IX9pUl USPNO A JO UONBZIWIXE]

|qelieA Juspuadspul

se *'yqH jo sa110893ed Yam
uolssa.J3au dnsiSo| aelieAn|N|y
aulds

21qN> PaIdLIISAL YIIM S[opow
uolissa.au dnsiSo| s1eIBARINW
ul Aleauljuou Joj 159 |

auyds

31N> PaIdLIISAI YIIM S|opowl
uolssa.a3a. d1sI30| AelieAR|NW
ul Aylueauljuou 4oy 359 |

sjapow aujds-21qnd
Jo uondadsui [ensip

Aydea3oroyd snpuny
snelpAwuou piay-jdulg

J9ys1y Jo 7y pJepuris
epmyn4 ‘AyredounaJ jo sw.oy
9J9A3S 2JOW JO ‘@3eYJIoway

JeunaJ ‘syods joom U010
‘s9JepnNXa pJey Jo 3dU3sadd
19431y Jo 7 pJepuels
epmjn4 ‘Ayredounau jo sw.oy
9J9A3S dJoW o ‘93eydioway
[eunaJ ‘syods [oom U010
‘S91BPNX3 pJey JO 92U

UoEdHISSE|D
asnoH 3y ‘Ayredouns.
JO SWIIO} 9U9A3S dJ0W O
SwsAINaUBO.IDIW dJ0OW 4O BUQD

’lI9ID QY Aq se19qelp
pey s3123(qns ay3 Jo %4
‘1894 69—t 95e B30
yanog wouy sauedipnaed

€0p'€ ‘[euondas-ssod)

PSpN|2Xa 10U $9319GEIp
umouw| Yyaim s1dalgns
saeaf | 7= o3e

ts123[qns asauede(

£86'61 ‘dn-mojjo}

sueaf ¢ ‘{leuipniiduo]
papn|axa 10U

S919qERIP UMOUY| YaIM
s109lgns sueak | 7= 98e
ts109lqns asauede(

€€F°0T ‘[eUONDAS-SSOUD)
saeak o= a3e

‘A|uo se19qeIp J0j paaes.ay
10U $193lgns jo pue
dnoug Apnis sjoym jo
sisA|eue ‘suedLiawy

>2e1g9 800°| PUE YA
08T ‘[euonDas-ssouD)

«I®3® 04D

528 39 BMESNS |

528 39 EMESNS |

o¢[& 39 BMmESNS |

}J0INd Mojaqg/aAoqe

Ayredounyai jo saseny  Lypypads  AyApisuss DOYUY  HoInd

Ho3nd Suluiwiaalap
JO UOLI9IDPOYISIN

Ayredounau jo uoniuysg

sopysiIdeIRYD
uonendod Apmyg

Apms

(panunuod) | ajqeL

483

submit your manuscript

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2013:6

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kowall and Rathmann

Dove

cutoff of 7.0 mmol/L.'>*>* However, as pointed out by Wong
et al, a direct clinical ophthalmoscopic examination was done
in the Pima Indian study, and only one retinal photograph
was taken in the two other studies.”® When multiple retinal
photographs of each eye were used to diagnose retinopathy,
the association between FPG and retinopathy was much
weaker as indicated by AROCs between 0.56—0.61, and no
sharp threshold could be observed anymore.

Accordingly, thresholds of HbA  for retinopathy may
also depend on the method used to diagnose retinopathy.
Furthermore, mild retinopathy can also occur in persons
without diabetes, and thresholds for mild retinopathy can
differ from thresholds for moderate retinopathy. In a South
Korean study, for example, the cutoff derived from AROCs
was 6.6% for any retinopathy, and 6.9% for moderate or
severe retinopathy.” In Malay people, thresholds of 6.6%
and 7.0%, respectively, were calculated from receiver
operating characteristic curves for mild and moderate
retinopathy.”® The methods sections of some papers sug-
gest that studies differ in the definition of what is a mild
or moderate retinopathy. To give an example, in the ARIC
study and in the Malay study, grades of retinopathy were
defined according to a modification of the so-called Arlie
House classification system, which had been used in the
Early Treatment Diabetic Retinopathy study (ETDRS).!%20
In ARIC, mild retinopathy was defined as ETDRS 14-20,
where as ETDRS >20 (and =43) was used as a criterion
for mild retinopathy in the Malay study.

Third, thresholds of HbA _for retinopathy depend on the
choice of exclusion criteria. In a Chinese study, for example,
a cutoff of 6.4% was determined for the whole study group
when a nonlinear regression model was used.** After exclu-
sion of subjects receiving antihyperglycemic medication, the
cutoff was 6.7% with use of the same method.

Fourth, HbA  _distributions may not be the same for dif-
ferent ethnicities, and a shift of HbA _distributions to the left
or to the right would influence the position of the threshold.
The question of ethnicity-specific cutoffs will be discussed
in more detail below.

Fifth, thresholds were identified from deciles of HbA  in
many studies. Thus, the choice of cutoffs depends strongly on
the position of deciles, and thus on the distribution of HbA .
Particularly in smaller study groups, the precise position of
deciles may to some extent depend on chance.

Sixth, discrepancies in threshold assessment might be due
to differences in the measurement of HbA , in particular in
older studies which were carried out when the standardization
of HbA | measurements was less advanced.

Other microvascular complications
Meanwhile, there are a lot of studies on thresholds for retin-
opathy, but as can be seen from Table 2, there are fewer studies
on thresholds for other microvascular complications.

Asindicated by AROCs, associations between HbA | and
prevalent/incident microvascular complications other than
retinopathy are quite poor. So far, AROCs have been reported
in the ARIC study and in the Malay study, and range from
0.56-0.67."2 Moreover, in most studies, no thresholds were
reported. In the Malay study, cutoffs of HbA _for chronic
kidney disease (6.6%), microalbuminuria or macroalbuminu-
ria (7.0%) and peripheral neuropathy (6.6%) were obtained
from maximizing the Youden index.?* However, maximizing
the Youden index and reporting the corresponding cutoff
is always possible. The sums of sensitivity and specificity
calculated for these cutoffs in the Malay study are in the
range of 1.1-1.2, which is again quite poor — remember that
a figure of 1 for the sum of sensitivity and specificity cor-
responds to the minimum of information possible. For the
cutoffs calculated for retinopathy, the sums of sensitivity and
specificity were in the range of 1.5—1.6 in most studies, and
thus demonstrated that cutoffs of HbA | were much sharper
in retinopathy than in other microvascular complications.
When change-point modeling was used in the Malay study,
no thresholds of HbA, _for microvascular complications other
than retinopathy could be found anymore.? In the Australian
Diabetes, Obesity and Lifestyle study, a cutoff of HbA | was
found for microalbuminuria by visual inspection.?’” However,
change-point modeling gave no evidence for a threshold
anymore.

The studies shown in Table 2 are all cross-sectional, and
subjects with known diabetes were not excluded. The only
exception is the ARIC study, which is longitudinal with a
long follow-up and an analysis stratified for participants with
and without diabetes.!” In this study, it became particularly
evident that there is no threshold of HbA, _for chronic kidney
disease and end-stage renal disease, respectively.

Macrovascular complications

In several meta-analyses, associations between glycemic
measures and cardiovascular diseases have been found in
ranges of glycemia usually seen as nondiabetic.!”1%3! To give
an example, an HbA | level of 5% is far below the cut points
recommended for the diagnosis of prediabetes or diabetes.
Nevertheless, as shown in more detail below, the risk of CVE
has been shown to be larger for subjects with an HbA | level
of 5% compared to subjects with an HbA | _level of 4.27%."
This is not surprising because increased cardiovascular risk
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has not been used as a criterion for the selection of cutoffs
of glycemic measures.

In two older reviews, continuous relationships were
reported between glucose levels and CVE which started in
the nondiabetic range and continued in the diabetic range.*>*
Although the studies presented in these reviews were based
on measurements of fasting glucose, 1- and 2-hour glu-
cose, and random glucose, the conclusions drawn in these
reviews might be relevant for the question of relationships
between glycemic measures (including HbA | ) and CVE in
general. Coutinho et al stated that it is difficult to tell from
an exponential curve whether it is continuous or whether
there is a threshold, and moreover, that a threshold might be
even below the prediabetic range if there were a threshold
at all.

A more recent meta-analysis covered seven prospective
studies which included nine datasets with cardiovascular
disease (CVD) as the outcome, and seven datasets with
cardiovascular death as the outcome.!” As a result, the risk
of CVE was increased even in slightly higher HbA _levels.
With an HbA | _level of 4.27% as a reference, the risk of CVE
was 13% higher for an HbA _ level of 5%, 34% higher for
an HbA _level of 6%, and 58% higher for an HbA level
of 7%. From the meta-analysis, an exponential relationship
was derived between HbA  and cardiovascular death which
did not suggest the existence of a threshold. In a further
recent meta-analysis of nine prospective studies on the
association of HbA  with coronary heart disease (CHD), a
significant overall association in the nondiabetic range was
found (hazard ratio [HR] =1.20, 95% confidence interval
[CI] 1.10-1.31); however, a threshold was not reported in
this meta-analysis.'®

Results from the ARIC study on the relationship between
HbA  and cardiovascular risk in 11,092 Black and White
US adults, with a median follow-up of 14 years, were not
included in the two meta-analyses.’ After multivariable
adjustment, a clear trend was found between categories of
HbA  and CHD (P<<0.001) and HbA _and ischemic stroke
(P<<0.001). With HbA 5.0 to <5.5% as the reference, the
CHD risk increased by 23% for HbA, 5.5 to <6.0%, by 78%
for 6.0 to <6.5%, and by 95% for HbA, =6.5%. The authors
assumed that there was “a possible threshold” of HbA for
CHD risk: for HbA | <5.0% as the reference, a HR of 1.38
(95% CI1.22-1.56) per 1% of HbA | was reported for HbA
levels above 5.5%.

To conclude, there is strong evidence of a continuous
association between HbA  and CVD. Some authors dis-
cuss a threshold of HbA  for CVD far below the diabetic

threshold, but there is little evidence that this could be a
sharp cutoff.

How well does the recommended
HbA, _threshold of 6.5% fulfill

the goal of predicting diabetes
complications?

As shown above, no distinct and consistent threshold of
HbA  was found for retinopathy. For other microvascular
complications and for macrovascular complications no
convincing evidence has been presented for the existence
of a threshold.

In view of the many methodical problems which come
up upon selecting a threshold, even for retinopathy, we
would suggest a more pragmatic decision. The recommended
HbA  threshold of 6.5% is acceptable if the frequency of
prevalent/incident complications is considerably higher in
subjects with HbA, -defined diabetes than in subjects with
a lower HbA .

In several cross-sectional studies, the prevalence of any
retinopathy was considerably higher for HbA . =6.5% than for
HbA, <6.5% (Tables 3 and 4). In the Reykjavik study, the
Malay study, and the NHANES study (Whites), respectively,
prevalence of any retinopathy was 2.5, 4.5, and 3.0 times as
high in persons with HbA -defined diabetes as in subjects
with HbA | levels below the threshold.**** In the ARIC study,
however, subjects with HbA, =6.5% did not have larger
odds of any retinopathy (HR =0.91, 95% CI 0.54—1.54) than
subjects with HbA | = <5.7% after multivariable adjustment."
When these analyses were confined to more severe grades
of retinopathy, the 6.5% threshold distinguishes much better
between subjects with and without prevalent retinopathy. In
the Reykjavik study, the prevalence of moderate retinopathy
was 2.5% for HbA =6.5%, but only 0.1% for lower HbA
levels.*> In the Malay study, the prevalence of moderate
retinopathy was about 30 times higher in HbA  =6.5% than
in HbA,  <6.5%.% In the ARIC study, the odds of moderate/
severe retinopathy was 2.9 (95% CI 1.2-7.1) times higher in
HbA  =6.5% than in HbA  <6.5%."

However, the 6.5% threshold distinguishes less well
between persons with and without microvascular com-
plications other than retinopathy. In the Malay study, for
example, the prevalence of chronic kidney disease was
29.9% in subjects with HbA  =6.5% and 17.8% in subjects
with lower HbA, levels.*® For prevalence of microalbu-
minuria and macroalbuminuria, the corresponding figures
were 58.9% and 29.6%, respectively; and for prevalence of
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Table 3 Association of HbA,_based diagnosis of type 2 diabetes (HbA, =6.5%) with prevalence or incidence of microvascular

complications

Study Study characteristics Microvascular Prevalence of microvascular complications
complication considered HbA =6.5% HbA, <6.5%
Sabanayagam Cross-sectional study in Malay Prevalence of any retinopathy 28.6% 6.4%
et al® people; age 40-80 years; subjects  Prevalence of mild retinopathy 17.2% 0.8%
with diabetes not excluded; Prevalence of moderate 12.2% 0.4%
n=3,190 (chronic kidney disease) retinopathy
n=930 (microalbuminuria and Prevalence of chronic 29.9% 17.8%
macroalbuminuria) kidney disease
n=855 (peripheral neuropathy) Prevalence of microalbuminuria ~ 58.9% 29.6%
and macroalbuminuria
Prevalence of peripheral 23.9% 16.7%
neuropathy
Tsugawa et al*® Cross-sectional; 2,527 White Prevalence of retinopathy 12.3% (95% Cl 4.5-20.1) 4.1%
and 805 Black Americans; (subjects not treated for
age =40 years T2DM, Whites only)
Prevalence of retinopathy 17.1% (95% Cl 6.9-27.2) 6.7%"

(subjects not treated for
T2DM, Blacks only)

Gunnslaugsdottir;
Reykjavik study
(AGES-R)*

Cross-sectional; n=4,994;
age =67 years

retinopathy

Prevalence of proliferative

Prevalence of any retinopathy
Prevalence of mild retinopathy
Prevalence of moderate

27.0% (95% Cl 23.2-31.0)
23.4% (95% Cl 19.8-27.4)
2.5% (95% CI |.4-4.3)

10.7% (95% Cl 9.8-11.6)
10.6% (95% Cl 9.7-11.5)
0.1% (95% CI 0.0-0.2)

1.0% (95% CI1 0.3-2.3) 0

diabetic retinopathy

Note: *Prevalence of retinopathy below threshold was calculated by the authors.

Abbreviations: HbAlc, glycated hemoglobin; AGES-R, the Age, Gene/Environment Susceptibility — Reyjkavik Study; Cl, confidence interval; T2DM, type 2 diabetes mellitus.

peripheral neuropathy, these figures were 23.9% and 16.7%,
respectively.

For cardiovascular outcomes, establishing an HbA
threshold makes less sense than for microvascular complica-
tions because CVD risk depends on many strong risk factors,
including HbA, . This was demonstrated in the European
Prospective Investigation of Cancer Norfolk study for
10,144 men and women free of diabetes at baseline.’” With
adjustment for age only, the relative risk of CVD was 1.31
(95% CI 1.13-1.52) in HbA  5.5%-5.9%, 1.50 (95% CI
1.22-1.84) in HbA | 6.0%-6.4%, 2.19 (95% CI 1.55-3.09)
in HbA 6.5%-6.9%, and 3.21 (95% CI 2.50-4.13) in
HbA  =7.0% (reference HbA  <5.5%). However, partici-
pants with a low level of HbA , but raised values of other
CVD risk factors (eg, systolic blood pressure, ratio of total
cholesterol to HDL cholesterol, smoking) had a much higher
risk of CVD than participants with a high HbA _level and
lower values of the other CVD risk factors.

Studies on CVD prediction models confirm that glycemic
measures are of minor importance for the assessment of
CVDrisk. In the Framingham Offspring study, the AROC of
the sex-adjusted Framingham Risk score for the prediction
of CVD was 0.744.%* When HbA A was added to this predic-
tion model, the AROC was 0.740, ie, there was no improve-

ment of CVD prediction at all. This finding confirms that
prediction of macrovascular complications should only play
amarginal role with regard to HbA _thresholds for diabetes.
The idea that the HbA  should be combined with other risk
factors in preventive interventions was demonstrated in the
Anglo-Danish-Dutch study of Intensive Treatment in People
with Screen Detected Diabetes in Primary Care (ADDI-
TION) study.® Subjects who might benefit from interven-
tions were defined by either screen detected diabetes or by
excess mortality. HbA alone identified only 20% of those
who might benefit from lifestyle intervention or medical
treatment, whereas a combination of HbA  =6.0% and
an elevated cardiovascular risk, defined by the Systematic
COronary Risk Evaluation (SCORE) of = 5, identified
96.7% of these subjects.

In the Danish part of the ADDITION study, it was dem-
onstrated that the 6.5% threshold of HbA, _is useful to predict
mortality in subjects with normal glucose tolerance.* After
multivariable adjustment, the risk of all-cause mortality
was significantly increased for HbA  =6.5% (HR =2.48,
95% CI 1.23-4.99) compared to HbA, <6.0%. Thus, in
this Danish study group, normal glucose tolerance subjects
with HbA | =6.5% had a similar risk of all-cause mortality
as subjects with known type 2 diabetes. However, a limitation
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Table 4 Association of HbA| based diagnosis of type 2 diabetes and prediabetes (HbA_ 26.5%, and HbA_5.7% to <6.5%, respectively)

with prevalence or incidence of microvascular complications

Study Study characteristics Microcomplication considered Adjusted ORs (95% CI) and HRs (95% Cl), respectively
HbA _ <5.7% HbA, 5.7 to <6.5% HbA, =6.5%
Selvin et al; Cross-sectional; Prevalence of any retinopathy OR =I 0.98 (0.73-1.33) 1.25 (0.75-2.07)
ARIC study' 10,584 subjects without  (adjusted for age, sex, and race)
known diabetes Prevalence of any retinopathy OR =I 0.84 (0.61-1.14) 0.91 (0.54-1.54)
(multivariable adjustment)
Prevalence of mild retinopathy OR =I 0.88 (0.62—-1.23) 0.85 (0.45-1.60)
(adjusted for age, sex, and race)
Prevalence of mild retinopathy OR =| 0.77 (0.54-1.08) 0.65 (0.34-1.23)
(multivariable adjustment)
Prevalence of moderate/severe retinopathy OR =| 1.76 (0.87-3.57) 4.35 (1.83-10.31)
(adjusted for age, sex, and race)
Prevalence of moderate/severe retinopathy OR =| 1.42 (0.69-2.92) 291 (1.19-7.11)
(multivariable adjustment)
Longitudinal; median Incidence of chronic kidney disease HR =1 1.31 (1.10-1.55) 1.84 (1.39-2.43)
of follow-up 14 years; (adjusted for age, sex, and race)
10,584 subjects without  Incidence of chronic kidney disease HR =I 1.12 (0.94-1.34) 1.39 (1.04-1.85)
diabetes at baseline (multivariable adjustment)
Incidence of ESRD (adjusted for age, HR =1 2.00 (1.10-3.61) 3.04 (1.31-7.09)
sex, and race)
Incidence of ESRD (multivariable adjustment) HR = 1.51 (0.82-2.76) 1.98 (0.83—4.73)
Bower etal;  Cross-sectional; Prevalence of retinopathy OR =1 1.30 (0.89-1.90) 1.22 (0.47-3.16)
NHANES*! 2,612 non-Hispanic (adjusted for age and sex)
Whites without history ~ Prevalence of retinopathy OR =I 1.23 (0.84-1.80) I.16 (0.40-3.32)
of diabetes (multivariable adjustment)
Cross-sectional; Prevalence of retinopathy OR =I 1.45 (0.78-2.73) 2.71 (1.06-6.93)
805 non-Hispanic (adjusted for age and sex)
Blacks without history Prevalence of retinopathy OR =| 1.45 (0.77-2.74) 2.88 (1.13-7.43)
of diabetes (multivariable adjustment)
Cross-sectional; Prevalence of retinopathy OR =I 1.23 (0.64-2.36) 3.32 (1.61-6.86)
996 Hispanic Americans  (adjusted for age and sex)
without history Prevalence of retinopathy OR =l 1.34 (0.68-2.62) 3.58 (1.70-7.53)

of diabetes

(multivariable adjustment)

Abbreviations: HbAlc, glycated hemoglobin; ARIC, Atherosclerosis Risk in Communities; Cl, confidence interval; ESRD, end-stage renal disease; HR, hazard ratio;

NHANES, National Health and Nutrition Examination Survey; OR, odds ratio.

of this analysis was the quite low number of subjects with
HbA  =6.5%.

Should there be ethnicity-specific
thresholds of the HbA, _for the

diagnosis of diabetes?

As mentioned in the introduction, HbA | _levels vary consider-
ably with ethnicity. In particular, Blacks have higher HbA
levels than Whites at any glycemic level, and therefore,
higher thresholds for Blacks have been discussed. The ques-
tion whether there are ethnic differences in the association
between HbA and prevalent retinopathy was examined in
two recent cross-sectional studies.*!

In nondiabetic participants of the NHANES study, the
mean HbA  _level was lowest in non-Hispanic Whites (5.5%),
and highest in non-Hispanic Blacks (5.7%); for Hispanic
Americans, it was 5.6%.*' When subjects with HbA| =6.5%

were compared to subjects with HbA | <5.7%, the age—
sex adjusted odds ratios (ORs) for retinopathy were 1.22
(95% CI 0.47-3.16), 2.71 (95% CI 1.06-6.93), and 3.32
(95% CI 1.61-6.86), respectively, in non-Hispanic Whites,
non-Hispanic Blacks, and Hispanic Americans. Although
the two latter ORs were much larger than the OR for non-
Hispanic Whites, the interaction term between ethnicity and
level of HbA was not statistically significantly related to the
prevalence of retinopathy (P=0.72), and this was also found
after further multivariable adjustment. Therefore, the authors
see no support for ethnic-specific HbA  thresholds.

In another analysis of NHANES data, a significant
increase in the risk of diabetic retinopathy was seen at lower
levels of HbA | in Blacks than in Whites; the risk of retinopa-
thy started to increase in Blacks with HbA  5.5%-5.9% and
in Whites with HbA _6.0%-6.4%.*° From this, the authors
drew the conclusion that the HbA  threshold to diagnose
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diabetes should not be increased in Blacks. From the results
of this study alone, one might even draw the conclusion that
the threshold of the HbA _ should even be lower for Blacks
than Whites. We assume that the authors did not go that far
given the strong evidence that HbA levels are generally
higher in Blacks than in Whites.

Conclusion

Identification of HbA  thresholds for the diagnosis of dia-
betes is mainly based on studies of the association between
HbA _levels and retinopathy because retinopathy is the most
diabetes-specific complication. For other microvascular com-
plications, associations with HbA  are too weak, as far as
this can be seen from the very few available cross-sectional
studies. For macrovascular complications, HbA | _is only one
among various other strong risk factors. Thus, identification
of thresholds mainly relies on one single microvascular
complication which covers only a small part of the burden
of type 2 diabetes mellitus complications.

The existing studies on the association between HbA
and retinopathy have important drawbacks. Most studies are
cross-sectional, subjects with known diabetes have often not
been excluded, confounders (like age, sex, blood pressure)
are often not adjusted for. Cutoffs suggested by these studies
vary widely from 5.2%—7.8%, and thresholds depend strongly
on statistical methods, on definition of retinopathy, and the
distribution of HbA, _in the study group. Even for a given data
set, cutoffs differ widely with regard to the statistical method.
The whole of the studies suggests that the recommended 6.5%
threshold has mainly been brought about by convention rather
than having a consistent empirical basis.

By now, we recommend a somewhat pragmatic access,
which is to examine how well the 6.5% criterion does at dis-
tinguishing subjects with retinopathy from subjects without
retinopathy. The few studies which allow an answer to this
question indicate that the prevalence of any retinopathy is 2.5 to
4.5 times higher in subjects with HbA - =6.5% than in subjects
with lower HbA, _levels. For severe retinopathy, these factors are
even much higher. In some cross-sectional studies, prevalence
of any retinopathy was quite high, even for HbA  <6.5%, ie,
10.7% in the Reykjavik study and 6.4% in the Malay study.?*3
However, any retinopathy may also have nondiabetic reasons,
and moreover, these studies were done in older study groups.

There is still another reason why the HbA threshold
should be dealt with in a pragmatic way. Many doctors do
not follow guidelines and do not strictly follow the criteria
for the diagnosis of diabetes. In a study in US veterans done
before the recommendation of the new HbA _ criteria, it was

shown that only 2% of doctors met the criteria of diagnosing
diabetes recommended at that time.*> Nevertheless, 4 years
later, 88% of the patients who had received a diagnosis of
diabetes actually had HbA, =6.5% or received diabetes
medication. Obviously, the predictive accuracy is much larger
than the diagnostic accuracy. Thus, in the real world, criteria
for the diagnosis of diabetes do not have to be perfect but in
some way reasonable to work within clinical practice. In this
regard, the 6.5% threshold seems to be a sensitive, pragmatic
solution. However, there is a strong need for longitudinal
studies on the associations between HbA, and microvascular
complications with subjects free of diabetes and diabetes
complications at baseline. Only if such studies gave a strong
indication for other HbA  thresholds should the discussion
on the best HbA _ cutoff be reopened.
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