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With standardization of measurement of glycated hemoglobin (A1C), the International Expert Committee Report in 2009 and
the American Diabetes Association in 2010 recommended incorporating A1C >6.5% into the previous diagnostic criteria using
fasting plasma glucose and/or 2-hour plasma glucose. Whereas the association of A1C with cardiovascular diseases and other
diabetic microvascular complications was linear without evidence of a distinct threshold, several studies suggested a threshold
value for A1C in diabetic retinopathy (DR). In studies about the optimal cutoff value for A1C in DR, the A1C values range from
5.2% to 7.8%. There are several possible reasons why these values for DR differ so widely (differences in the definition and/or
methods for DR, variation in statistical methods, differences in study population, differences in exclusion criteria, and difference
in methods for measuring A1C). With these wide variations in the study method, drawing a conclusive cutoff value for A1C in
DR is impossible. In published studies, the cutoft values for moderate or severe DR were higher than those for any or mild DR

(6.4% to 7.0% vs. 5.5% t0 6.5%).
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is the most common endo-
crine disease. It is a complex disease characterized by hyper-
glycemia and is associated with long-term diabetic complica-
tions, such as diabetic retinopathy (DR), nephropathy, and
neuropathy. The diagnosis of T2DM has been based on fasting
plasma glucose (FPG) levels or 2-hour plasma glucose levels
after an oral glucose tolerance test (OGTT) [1]. Recently, gly-
cated hemoglobin (HbAlc, A1C) 26.5% was recommended
for the diagnosis of T2DM by a leading diabetes organization
[2,3] and the World Health Organization [4]. The most impor-
tant reason to define T2DM is to identify persons with a high
risk for diabetes complications. The association between A1C

and cardiovascular diseases has been found in a glucose range
usually considered to be nondiabetic [5,6], and there might be
no threshold or a threshold below the prediabetic range [7].
For other diabetic microvascular complications except for DR,
the association with A1C was linear without evidence of a dis-
tinct threshold [8]. In this paper, we will first review the history
of A1C measurement and then review the studies for deter-
mining the optimal cutoft value for A1C in the presence of DR.

HISTORY OF A1C MEASUREMENT

The heterogeneity of human hemoglobin (Hb) was demon-
strated for the first time in 1958 using cation exchange chro-
matography [9]. The unexpected elution of Hb peaks (HbA1)
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before the major HbA fraction (HbAO) was found, and these
peaks were designated as HbAla to HbAle based on the chro-
matographic elution order [10]. The HbA1 fraction results from
the binding of various adducts to HbA. In 1962, Huisman and
Dozy [11] reported an increase in the HbA1 fraction in red
blood cells from patients with DM. In 1968, Rahbar [12] had
shown an elevated percentage of A1C compared to total Hb in
patients with DM. In the late 1970s, sugars or sugar phosphates
were found to form HbA1, which is incidentally A1C [13]. Glu-
cose was identified to generate A1C, which was shown to be an
Amadori product formed by the irreversible binding of glucose
to the B-N-terminal valine residues of globin changes [14] dur-
ing the 120-day lifespan of the erythrocytes [15]. The close rela-
tionship between A1C values and glucose control resulted in the
periodic monitoring of A1C for glycemic control [16,17]. The
epidemiologic studies of the Diabetes Control and Complica-
tions Trial [18] and the United Kingdom Prospective Diabetes
Study [19] demonstrated a link between A1C and chronic dia-
betic complications.

There have been various methods based on different princi-
ples (i.e., ion-exchange chromatography, affinity chromatogra-
phy, electrophoresis, colorimetric assay, and immunoassay)
and methodologies (i.e., micro- and minicolumn chromatog-
raphy, low-pressure liquid chromatography, high-pressure lig-
uid chromatography, manual assays, and automated assays)
without standardized procedures [20]. In the United States, the
National Glycohemoglobin Standardization Program (NGSP)
formed an efficient network of laboratories, monitored by a
committee [21], but the reference system supporting the NSGP
standardization was not appropriate to support the long-term
international standardization of the assay [22]. Therefore, the
International Federation of Clinical Chemistry and Laboratory
Medicine-Working Group (IFCC-WG) proposed a reference,
which was used to establish an internally approved IFCC refer-
ence method for A1C [23]. The IFCC recommended changing
the A1C units from a percentage of A1C to total Hb (“NGSP
units”) to a molar ratio of A1C to HbAO in mmol/mol (SI units,
of “IFCC units”) [24].

THE OPTIMAL CUTOFF VALUE FOR A1C IN
DIABETIC RETINOPATHY

Ideally, the optimal cutoff value of A1C to diagnose diabetes is
determined in a way that individuals with A1C levels above the
cutoff value have a much larger probability of having or devel-
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oping a diabetic complication, and individuals with A1C levels
below the cutoff value have a much lower probability of having
or getting diabetic complications. Three cross-sectional epide-
miological studies that included Pima Indians [25], an Egyp-
tian population [26], and the third National Health and Nutri-
tion Examination Survey (NHANES) population in the United
States [27] showed glycemic levels below which there was a low
prevalence of DR and above which the prevalence of DR in-
creased in an apparently linear fashion. The prevalence of DR
rose abruptly in the highest decile of each variable, correspond-
ing to FPG 2120 mg/dL, 2-hour plasma glucose >195 mg/dL,
and A1C >6.2% [25,26]. With standardization of measurement
for A1C, the International Expert Committee Report (IECP) in
2009 [2], the American Diabetes Association in 2010 [3], and
the WHO in 2011 [4] recommended incorporating A1C >
6.5% into the previous diagnostic criteria formed by FPG and/
or 2-hour plasma glucose. There have been several studies
about the optimal cutoft value for A1C in DR. While most of
them are cross-sectional studies [8,25-39], only few of them are
longitudinal studies (Table 1) [25,38,40,41]. The results for each
study are described below in chronological order.

Cross-sectional studies

Studies in the 1990s

In 1994, a Pima Indian study showed a threshold value of A1C
between the 80th (6.5%) and 90th percentiles (7.5%), below
which DR is absent or rare and above which the prevalence is
considerably higher, with 960 Pima Indians not taking antihy-
perglycemic agents or insulin [25]. This study also demonstrat-
ed that the optimal cutoft value of A1C was 7.0%, which pro-
duced the highest sum of sensitivity (78.1%) and specificity
(84.7%) using a point-wise area under the receiver operating
characteristic curve (ROC). In this study, a direct ophthalmo-
scopic examination through a dilated pupil was performed by a
physician. In 1997, an Egyptian study found that the optimal
cutoff of HbA1c was approximately 6.9% (n=1,018) [26]. After
excluding subjects taking antihyperglycemic medication, the
optimal cutoff of HbA1c was approximately 7.5%. In this study,
only one retinal photograph was taken per eye. In 1997, the Ex-
pert Committee on the Diagnosis and Classification of Diabe-
tes Mellitus in the United States reported that an A1C of 6.2%
was the optimal cutoff for predicting DR in the analysis of the
third NHANES population (1=2,821) [27]. In this study, only
one retinal photograph was taken per eye.

17



Kim JM, et al.

dmj

(a8ed 1xou a1y} 0) panunuoy))

P4-14 PV Sd

10 06-09 SYA.LH
4dd €V Sq 10
€5-05 SUA.LY 912498
TV Sd 10 Ly—-0F

79 DOY  (Aesse paudipe-reriy, SIALA IeIpON I 6.-0T
somurdia £q suonestdwo)  (7) S 10 SYALL Py a8e ‘sarnunod
£9-€9 [opow uorssax301 o1s130T pue [0I1JU0)) $AJ2QRI(]  -TPOUT ‘S[2AJ] UOT)ED 9AY} WOIJ SATPNIS
S[eAIaIUI JIun 6'0 4q ©PISN SAIPNIS  -LJISSE[d SSNOF] T[Ty auTu Jo sisA[eue  UONEIOqe[0d Z-IDALAd
6'9-5'9 [epour uorssa13a1onsI30T oAl YOIYM JO) DTJH payIpow ayT, (T) - ydeidojoyq ¢zo%v Surood-ereq [o¢] (1107) Te1° Lmide[oD)
g€ SYArLa (¥ pue ¢ Ms1A ‘s1ea4
QI9A3S 0} dJeIpOU € JO [eAI2IUT O}
‘01 SYALT Prw M SaWT) OM])
1> SYALA QUON 24a payoaes AJwop
(2) 'SY.1d ur pasn -Uel ouo AU
(diop  se‘wayshs uorgesys ondo ayy 39 emoew symnpe
punoj pjo uorssaidax [O0SOJ, /D) YOSOL,/ -Se[d ISNOH] JM[ITY Y} 3} UO pa1d) paSe-orppru Apmis DIV
-USaI) ON aurds o1qno pajornsay  snid 7'z yoso1) DIJH  Jo uonedyrpowr y (1) Pare[Ip ION uoo yderdojoyd 0¥16 weorwy  [1€] (11027) T8 19 UIAPS
P12 PA[ SUALA (2T) o4
‘SY.LA Ul pasn yoed oa1ou ondo
se “wa)sks uored a1} X3 e[noew
-JISSe[0 9SNO] JIITY 3} UO PIIAIUD 1£ op < 93e Apms SINVHN
GG uorssaxdax yurod jurof D1dH payrpowr ayT, (1) Pare[tp 10N qderdoloyq 9901 weoowy  [62] (6002) Te 30 SuayD
uoreImp
sajoqerp 1oy Juawisnipe
09 Ioy}any 1o)ye Jutod-adueyD
amssaxd poojq
xas ‘oFe 10§ Juounjsnipe (wrys4g
96 1oye jurod-aSuey)  Sunsay, urqojdowa
TS yurod-a8uey) JUBLIBA PeY-0Ig wa)sAs urperd
a[ap %> AD) O'1dH UISUODSIA U} JO 1L czz 3 Apms qergsny
9 I6—8 oY) UdaMJ2q ISEAIOU] Ayrurye syeuorog UOISIOA payrdwrs ayT, pajefp JON yderdojoyq 781C werpensny  “[z¢] (900¢) Te 39 ddey,
Jt3p U y,~0 33e III SINVHN ‘[£7]
79 IOT—6 A3 U22MJ2q ISLIOU] VN VN VN yderdojoyq 128C uedLIDWY (£661) 9oNIuuod Jradxyg
(urmsur 1o VHO
INOYIM $303[qns) 109p
S/ I0T—6 A3 U22MI2q 95LAIOU] (oynuaIog I J0y Swads
(uonyendod armuo) a(9p 0131 90'9 AD) Ayd  uoTEOYISSE[D SSNOF] 1£
69 18—/ 9Y) Udom)aq aseardu]  -e13ojewoIyd AUy SIIIY payipowr 9y, paje[iq Lo yoes ‘ydeiSojoyg 8101 0¢< oSe ssuend4A3q [97] (L661) Te 30 nedpduyg
asn urnsur
A4 1o a8eyx 10 VHO INOyIIm
0L 204 -IOWAY IO WsAINd I gzz 98e
8L sjutod gono [epowrnuy OTdH -UeOISIWISUO)Sed[ly  paje[ld 211 096 ‘suerpuy ewWid [ST] (¥66T) Te10 22UDIN
SITPN)S [EUOT)IIS-SSOID “ULISY-UON
9% Pomd pomd Ay} POYIoUIISa) (T JO UONIUYIP/Y( UOHEIL[Ip poyow oh0 o S
STVqH SururuIg)ap 10§ POy DIV Joj waisAs Surpern) dng UOTJRUTWIEXS 94F

\ASHNQOQEM.H onaqerp MGUUMHMU UID2TVYqH JI0J ploysaJayi a3 wﬁﬁ\igm%w Sa1pNiS T d1qe],

http://e-dmj.org

Diabetes Metab ] 2015;39:16-26

18



dm]

Optimal HbA1c for diabetic retinopathy

Aommm JXaU 3Y) 0] panunuo)))

(Sunjowus

aparedmo pue dinssaxd
Poo[q o1[03s4s 1opuag o
JI0j pajsnipe cuonnqrysip

69 9[1ap) uorssardar ons3o]
(pa3snfpeun suonnqrysip
69 3[109p) U0ISsa1321 o1YSIZ0T
69 9I9A3S
10 djeIapour (pey-o1g <[] JueLIeA )
‘99 huy 00Y OT1dH
(urnsur
10 VHO oYM s302(qns)
19 uorssaxdax yurod jurof
(uonyendod amud) (pey-org “ueLiep )
¥9 uorssaidax yurod juro( JIdH
(pey-oig
<19zATeue [T JueLIeA
0L peIorq) wajsks
Q)eIapowr Ayderdoyewrory
99 PN DOY 23ueydxs uoned OIdH
Ls o0
1'6-6G S[1D3P YIQT Y3 UT aSeAIOU]
(son
-souger(] 1okeq) Lesse
-oUNUIWI pajetojne
000Z VO ® 10 YMA
SPISIAL/TYORIH WOT
(onrea aanorpard  JozATeue adueypxe-uor
09 2A1yIs0d UT aseaIour) [ensIp
(pey-org
Aqredounjor oy <woisAs Suriojiuo
pa310daIp[o  someI sppo Y3 2Je[no[ed 0} $9J9qeI(] JeNPOIA])

-USAIY ON  Pasn sem uorssaxoronsi307  DTJH dSULYDOX-UO]  Jet[) UOIEDYISSE]D oY, -0JLULIeyJ PUE )IIPUT 921 £€T

3[e08 AJ119A95

aseasi(] Aygedounoyg

J1RqeI( [ed1ul))

[EUONRUIANU] 3], P3JE[IP ION

3eds

Ay1aA9g Ayyedounoy

RIENL (af Lalitiiie}

Teuoneuroiu] ayf,

€7 < S 9e
-Ispow {0z < SYA.Ld
PIwGI< SYALT
Luy (7) wayskg
UOTOYISSL]D) 9SNOF]
SNy payrpowr

a) jo uonejdepe
SYa.Lg oy Susn

papead oreas v (1)

W)SAS UOTJROLISSE]O
9SNOY] JM[ITY

DTdH Y} JO UONEIYIPOW Y

[020301d
UISUODSIA U]}

DTdH parewiony Jo uolsIoA payrduwis v pajefp JON

Apmis (s939gVIA
pue2doyNA)

aviaodnd
1) UT pasn sem

242 yoea 1£ 69—(F 2S¢
qyderdojoyd ¢o¥‘c CUBAIOY [#€] (€102) Te 32 OYD
2£a yoea oaTou
ondo ay) g e[noewr
3} UO P21 14 6/-81 98¢
pareri qderSoloyd T155C fasauryD [6€] (2107) Te 19 U
242 yoed AIU
ondo oy xg emoewr
3y} UO PaI2IUd 1£ 08-0F o3¢ (8] (6002)
pate[ia qqderoloyq 061°¢ ‘odoad Aepey Te 30 wededeueqes
UInSuI JNOYIM
Aydei3ojoyd <K 0£—-0F 2%e Apnjs ewredesT
Pparerq 9O2IIP YOIIPU]  LEY°T sasauede( [9¢] ($007) Te 30 DezeAIN

Apmys [eUOT)D35-SSOID “URISY

£y}

ok fe[noew 9y}

03 erode) g aatoU

ondo a1 “enoewr

3} UO PaI)Ud
qyderdojoyq 00~

1K o1Jo N 1k Apms q1s4a
69-0¢ 38e youaxr] [0F] (1T07) Te I° UIsSey

Lo yoed K¥6

oazou ondo ot 33 JO N ‘osn urnsur

Paje]  -NOBW 3]} UO PaId) 10 YHO oYM
-1p AfreorSop  -uad ‘ydexdojoyd <14 /06 o3¢ Apnys UI00H [1%]

SIOpUe[[OH  (£00T) T8 32 UdpIoT UeA
SITPNIS [RUTPNIIZUO] “URISY-UON

% Pomd
2TVIH

pomd ayy

poyjau 359}
Surururg)op 10y POy o1V

¥ JO UODIUYIP/ I UOHBIE[IP
10§ wa)sAs Surpern)

poyjour

rdng UOTJBUTWIEXS AH Apmg

‘'oN  uonemdod {pmg

panunuo) ‘I J[qeL,

19

Diabetes Metab ] 2015;39:16-26

http://e-dmj.org



o
3.

Table 1. Continued
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HbAlc
cutoff, %

Method for determining

the cutoff
ROC

test method

AlC

Grading system for

dilatation DR/definition of DR

Pupil

Eye examination

method
5,212 Photography;

No.

Study population

Study

J

6.2

Not dilated The ETDRS severity =~ HPLC

Korean;

Park et al. (2014) [44],

Kim JM, et al.

(HLC-723G7; Tosoh)

scale

(pharma-

centered on the
fovea; each eye
(seven standard

age >19yr

KNHNES

cologically
dilated)*

photography from

ETDRS)*

Asian, longitudinal study

6.0-7.0

Restricted cubic spline

regression

(Tosoh G7; Tosoh)

HPLC

Non-phar- FS >A2

macologi-
cally dilated

centered on the
macula; each eye

19,897 Photograph;

yr; FU of 3 yr

Tsugawa et al. (2012) [38] Japanese; age 221

HbAc, glycated hemoglobin; DR, diabetic retinopathy; OHA, oral hypoglycemic agents; PDR, proliferative diabetic retinopathy; HPLC, high-pressure liquid chromatography;

ROG, receiver operating characteristic curve; CV, coeflicient of variation; NHANES, National Health and Nutrition Examination Survey; AusDiab, Australian Diabetes Obesity and

Lifestyle; NA, not available; ETDRS, the Early Treatment Diabetic Retinopathy Study; ARIC, Atherosclerosis Risk in Communities; DETECT-2, the Evaluation of Screening and

Early Detection Strategies for Type 2 Diabetes and Impaired Glucose Tolerance; FS, Fukuda Standard; FU, follow-up; DESIR, Data From an Epidemiological Study on the Insulin

Resistance Syndrome.

“In participants who had a history of diabetes or a random blood glucose level of =200 mg/dL and/or suspicion of diabetes retinopathy in nonmydriatic fundus photography.

Studies in the 2000s

In 2004, the Hisayama study [36] showed that the prevalence of
DR dramatically increased in the tenth decile of A1C (5.5% to
5.7%), and the optimal cutoff level for DR was 5.7% for A1C by
ROC analysis (86.5% sensitivity, 90.1% specificity) in a Japa-
nese population (n=1,637). In this study, fundus photographs
(45°) were taken, and DR was defined as the presence of any
mild nonproliferative DR or more severe DR.

In 2006, the Australian Diabetes Obesity and Lifestyle (Aus-
Diab) study, conducted in 1999 to 2000, included subjects >25
years of age (1=2,182; 34.5% diabetes, 46.6% impaired glucose
tolerance or impaired fasting glucose) and found that above the
top 2 deciles of A1C, the prevalence of DR rose markedly and
the threshold for increasing the prevalence of DR was 6.1%
[32]. In this study, using different analysis methods and/or ad-
justments, the threshold was changed. Using the change-point
model, the threshold was 5.2%. After adjusting for age, sex, and
blood pressure, the threshold was changed to 5.6%. After fur-
ther adjusting for diabetes duration, the threshold was changed
to 6.0%. In this study, retinal photographs were taken with a
nonmydriatic retinal camera. The level of DR was defined ac-
cording to a simplified version of the Wisconsin grading sys-
tem [42]. DR was defined as the presence of at least one definite
retinal hemorrhage and or microaneurysm.

In 2009, a Singapore study of 3,190 Malay adults aged 40 to
80 years showed that the optimal cutoff values for mild DR
(Early Treatment Diabetic Retinopathy Study [ETDRS] >20)
and moderate DR (ETDRS >43) were 6.6% (87.0% sensitivity,
77.1% specificity) and 7.0% (82.9% sensitivity, 82.3% specifici-
ty), respectively. The prevalences of mild and moderate DR
were <1% below the optimal cutoff values. In this study, after
pupil dilatation, two photographs were taken of both eyes of
each participant using a digital retinal camera [8].

In 2009, a report including 1,066 individuals aged >40 years
from the 2005 to 2006 NHANES showed that the steepest in-
crease in DR prevalence occurred among individuals with an
A1C >5.5%, using Joint point regression analysis [29]. In this
study, two 45° nonmydriatic color digital images of the retina
were taken of each eye. DR was defined as a level >14 on the
ETDRS severity scale [43].

Recent Western studies

In 2011, the Atherosclerosis Risk in Communities (ARIC) study
did not find a threshold value for A1C in DR in middle-aged
Americans without diabetes using a cubic spline model. The

Diabetes Metab ] 2015;39:16-26  http://e-dmj.org
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study showed that in the absence of diagnosed diabetes, A1C was
cross-sectionally associated with the presence of moderate/se-
vere DR (ETDRS 235), with adjusted odds ratios of 1.42 (0.69 to
2.92) and 2.91 (1.19 to 7.11) for A1C 5.7% to <6.5% and >6.5%,
respectively, compared to <5.7% (P trend=0.011). In this study,
the relationship between A1C and DR was different according to
the presence of diabetes, and there was a strong association with
mild DR (ETDRS 14 to 20) in patients with diabetes and weak or
no association with mild DR in patients without diabetes [31].

In 2011, the DETECT-2 collaboration study [30], using a
data-pooling analysis of nine studies from five countries with
44,623 participants aged 20 to 79 years with gradable retinal
photographs, showed that the diabetes-specific retinopathy
prevalence (moderate/severe DR, ETDRS 40 to 47/50 to 53)
was low for A1C <6.0% but increased above this level. Based
on vigintile (20 groups with equal numbers) distributions, the
A1C threshold for diabetes-specific retinopathy was observed
over the range of 6.3% to 6.7%. The threshold for diabetes-
specific retinopathy based on ROC analysis was 6.4% for A1C.

Recent Asian studies
In 2012, a cross-sectional population-based study of 2,551
Chinese (representing a population of 1,660,500 in a Beijing
district) between 19 to 79 years of age showed that the preva-
lence of DR increased in the ninth decile of A1C, correspond-
ing to an A1C of 26.4% (85.1% sensitivity, 82.1% specificity)
according to the Joint point regression method [39]. After ex-
cluding individuals receiving antihyperglycemic medication,
the threshold increased up to 6.7% of A1C (60.7% sensitivity,
91.6% specificity). The cutoff points for A1C by maximizing
the sensitivity and specificity were higher than by Joint point
regression (6.8% of A1C, 85.1% sensitivity, 88.0% specificity in
the total population; 6.9% of A1C, 60.7% sensitivity, 93.6%
specificity in the subpopulation not receiving antihyperglyce-
mic medications). In this study, two 45° color digital images of
the retina were taken of each eye, and DR was defined as the
presence of any mild nonproliferative DR or more severe DR.
In 2013, a Korean cross-sectional study including 3,403 adults
from the Ansung Cohort Study showed that the optimal A1C
cutoff for detecting any DR was 6.6% (76.2% sensitivity, 84.2%
specificity) and was 6.9% for moderate or severe retinopathy
(77.1% sensitivity, 88.7% specificity) in the ROC analysis [34]. In
this study, DR was assessed with single-field 45 nonmydriatic
fundus photography of each eye using a digital fundus camera
and classified by the International Clinical Diabetic Retinopa-
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thy Disease Severity Scale.

In 2014, a report using data from the Korea National Health
and Nutrition Examination Survey 2001 including 5,212 adults
showed that the optimal A1C cutoff for detecting any DR was
6.2% (93.9% sensitivity, 89.7% specificity). In this study, retinal
photographs were taken using a digital nonmydriatic fundus
camera, and for each participant, one 45° retinal image was
taken per eye (two images per person in total) [44].

Longitudinal studies

In 2003, the Hoorn study [41] investigated the effect of cardio-
vascular risk factors including A1C on the incidence of DR in
233 individuals aged 50 to 74 years who were not taking oral
hyperglycemic agents or insulin, with an average follow-up of
9.4 years. The adjusted odds ratios for retinopathy were 2.36 for
hypertension, 3.29 for the highest tertiles for A1C, and 8.67 for
the highest tertiles for waist-hip ratio. The results showed no
threshold for retinopathy using calculated odds ratios for DR
by logistic regression.

In 2011, the French DESIR study, which included 700 par-
ticipants who were evaluated for DR using a nonmydriatic dig-
ital camera (three images per eye), reported that over the pre-
ceding 9 years, 235 had diabetes, 227 had an impaired fasting
glucose at least once, and 238 always had normal glucose levels.
Additionally, the study showed that the positive predictive val-
ues for retinopathy increased sharply from 6.0% for A1C [40].

In 2012, an analysis of longitudinal data for 19,897 Japanese
adults who underwent a health checkup and were followed up 3
years later showed a possible threshold for the risk of incident
DR at A1Clevels of 6.0% to 7.0% using the restricted cubic spline
model, but there was no threshold in the analysis of prevalent
retinopathy [38]. In this study, one digital photograph was taken
per eye (total of two images per participant) through a nonphar-
macologically dilated pupil.

Possible reasons for discrepancy among study results

In studies about the optimal cutoff value for A1C in DR in West-
ern people, the A1C values ranged from 5.2% to 7.8% [25-33,40
,41], and in Asian people, the range was 5.5% to 7.2% [8,34-39].
There are several possible reasons why the optimal cutoff value
of A1C for DR differs so widely in the studies thus far.

Difference in definition and/or methods for detecting DR
In most of the studies, the method for eye examination was a

retinal photograph centered on the macular and optic nerve for

21
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each eye or one eye with or without pupil dilatation. Three ear-
lier studies using direct opthalmoscopic examination or a reti-
nal photograph of one field per eye (the Pima Indian study
[25], the Egyptian study [26], and NHANES III [27]) reported
that DR is uncommon within a normal FPG range. Additional-
ly, in these earlier studies, there was a strong association of hy-
perglycemia with DR, and a sharp threshold of A1C was ob-
served (7.0% in the Pima Indian study, 6.9% in the Egyptian
study, and 6.2% in the NHANES III). A report of the 2005 to
2006 NHANES showed that the steepest increase in DR preva-
lence occurred among individuals with an A1C >5.5%, which
was lower than that observed in some previous studies [29].
The authors suggested that one of the reasons could be that in
their study, DR was assessed by two retinal photographs for
each eye. Pooled analyses including three cross-sectional popu-
lations (the Blue Mountain Eye Study [45], the AusDiab study
[32], and the Multi-Ethnic Study of Atherosclerosis [46]), using
retinal photographs of multiple fields, reported inconsistent
evidence for a uniform FPG threshold for prevalent and inci-
dent retinopathy, with analyses suggesting a continuous rela-
tionship [47]. Using retinal photographs of multiple fields in
this pooled analysis, the authors reported that DR occurs in 7%
to 13% of the population below the normal FPG range, that the
association between FPG and DR was much weaker as indicat-
ed by ROC and that no sharp threshold could be observed any-
more. These findings suggested that the sensitivity of the tech-
nique for DR could be one of the determinants for the optimal
cutoft value for A1C in DR.

The optimal cutoff value for A1C in DR may also depend on
the definition of DR; a study defined DR as the presence of at
least one microaneurysm or hemorrhage [25], and other stud-
ies defined retinopathy using the modified Airlie House classi-
fication system, as used in the ETDRS [26,28-31,33,36,44].
However, although using the same ETDRS level, the definition
for DR was different (ETDRS level >14 [29,31] or =15 [8]).
While some studies investigated any retinopathy [25,26,29,31-
33,36,37,39-41,44], some studies investigated moderate or
more severe DR [28,30,38,48]. A Korean study and a Singapore
study showed that the threshold for A1C was different accord-
ing to the definition of DR; the threshold for A1C for any or
mild retinopathy was lower than that for moderate retinopathy
(6.5% for any DR, and 6.9% for moderate or more severe DR in
a Korean study; 6.6% for mild DR, and 7.0% for moderate or
more severe DR in a Singapore study) [8,34]. In studies be-
tween 2000 and 2014, the optimal cutoff value for any DR was
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5.7% in the Hisayama Study [36], 6.1% in the AusDiab Study
[32], 5.5% in the NHANES 2005 to 2006 [29], 6.4% in a Chi-
nese study [39], and 6.2% in the Korean NHANES [44], and for
moderate or more severe DR, it was 6.4% in the DETECT-2
study [30].

Variation in statistical methods

There are several statistical methods to determine the optimal
cutoff value for A1C in DR, including visual inspection, change-
point model, regression model (logistic, and Joint point), re-
stricted cubic spline analysis, and ROC analysis. The cutoff val-
ue for A1C varied even for the same data when different meth-
ods were applied [25,30,32,36]. To give an example, in the Aus-
Diab study, the cutoff was 6.1% by visual inspection. When
change-point models were used, the cutoff value was 5.2% [32].
Considering the Hoorn study showed that not only A1C but
also hypertension and abdominal obesity were determinants for
DR [41], and the cutoft value of A1C for DR could be depen-
dent of any adjustment of factors that may affect the develop-
ment of DR. In the AusDiab study, without adjustment, a cutoft
value of 5.2% was calculated with change-point model analysis;
with adjustment for age, sex, and blood pressure, the cutoft val-
ue was 5.6%, and after further adjustment for diabetes duration,
the cutoff was 6.0%. Mainly from the DETECT-2 findings, the
International Expert Committee recommended a cutoft of 6.5%
for an A1C-based diagnosis of diabetes [2]. In the DETECT-2
study, the largest cross-sectional analysis of nine studies from
five countries with 44,623 multiethnic participants aged 20 to 79
years in an unadjusted analysis was conducted [30].

Differences in study population: ethnicities, age, and nongly-
cemic factors for determining A1C

Other reasons for variability in the optimal cutoff points could
be the different clinical characteristics of each study popula-
tion (ethnicities, age, and nonglycemic factors for determining
AIC). A1C distribution could be different according to age
and sex distribution of the population.

A1C levels appear to increase with age [49-53]. In analyses
of the Framingham Offspring and participants of the NHANES
2001 to 2004, Pani et al. [49] tried to investigate the effect of age
on the A1C level and found a 0.10% to 0.14% A1C increase
with each decade increase in age. In this study, people 70 years
of age without DM appeared to have higher A1C values of ap-
proximately 0.4% compared to those 40 years of age [49].

There was a report suggesting that an A1C-based diagnosis

Diabetes Metab ] 2015;39:16-26  http://e-dmj.org



Optimal HbA1c for diabetic retinopathy

of diabetes has a different impact on prevalence in different
ethnic groups [54]. In this study, while 91% of white partici-
pants with an A1C >6.5% had diabetes by the 2-hour plasma
glucose criterion after an OGTT, only 61% of South Asian par-
ticipants and 50% of black participants with an A1C >6.5%
had diabetes by the 2-hour plasma glucose criterion after an
OGTT. The Diabetes Prevention Program study showed a dif-
ference in A1C by race and ethnicity among patients with im-
paired glucose tolerance, and in this study, the A1C values for
Afro-Caribbeans were approximately 0.4% higher than white
Europeans with apparently the same glucose tolerance [55].
Another study showed a similar difference between South
Asians and White Europeans [56].

Several nonglycemic factors may affect the results of A1C
measurement. A Korean study found that the optimal A1C cut-
off value for diagnosing diabetes based on FPG and 2-hour
plasma glucose after an OGTT rose by approximately 0.1% with
each decade increase of age in a Korean population [50]. This
association of higher A1C with increasing age seemed to be due
to changes in the rate of glycation associated with aging [53].
Some Hb variants could interfere with some A1C assay meth-
ods [57]. In the USA, 10% of 26 million African-American citi-
zens have HbS or HbC trait [58]. Any condition that changes
erythrocyte turnover, such as hemolytic anemia, chronic malar-
ia, major blood loss, blood transfusions, splenomegaly or sple-
nectomy, rheumatoid arthritis, or drugs such as antiretrovirals,
ribavirin, and dapsone could lead to spurious A1C results. He-
molytic anemia can lead to an AIC that is lower than expected
because of a decreased erythrocyte lifespan [59]. Iron deficiency
anemia can increase the A1C level, which falls after iron therapy
[60]. Renal failure was identified as an influencing condition
because of the following: (1) a decreased erythrocyte life-span,
as described above; (2) erythropoietin therapy, which increases
red cell production [59]; and (3) increased formation of carba-
mylated Hb due to the binding to N-terminal 3-chains of Hb of
isocyanic acid, a urea byproduct formed in excess because of
hyperuremia [61].

If A1C distributions were not the same for different popula-
tions due to these differences in clinical characteristics, the cut-
off value would be changed with a shift in the A1C distribution
to the left or right.

Differences in exclusion criteria: diabetes and/or using anti-
diabetes medication
The cutoff A1C values for DR depend on the choice of exclu-
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sion criteria. Most studies included individuals using oral hy-
poglycemic agents or insulin. In an Egyptian study, the opti-
mal cutoff for HbAlc was 6.9% in the entire study population
[26]. However, the optimal cutoff for HbAlc was changed to
7.5% after excluding subjects taking an antihyperglycemic
medication. In a Chinese study, a cutoff of 6.4% was deter-
mined for the entire study population [39]. After excluding in-
dividuals receiving antidiabetes medication, the cutoff was
6.7% using the same method.

The ARIC study showed the relationships of A1C and DR
separately, in diabetic and nondiabetic individuals, demon-
strating differential associations of A1C with DR in diabetic
(strong association with mild DR) and nondiabetic individu-
als (weak or no association) [31]. The authors suggested that
examining the cross-sectional association of A1C and preva-
lent DR in populations that include individuals with diabetes
who may have received lifestyle and/or pharmacologic inter-
ventions to lower A1C could be problematic; the onset of DR
may have occurred years earlier, and the ‘risk thresholds’ ob-
served for A1C in these studies may not accurately reflect val-
ues at which risk begins to increase.

Others

The variability in optimal cutoff points could be due to assay
differences in measuring A1C, especially in earlier studies be-
fore the standardization of measurements for A1C. The limita-
tion of A1C as a marker for chronic hyperglycemia exposure
could be one of the reasons for the variability in optimal cutoft
points of A1C because A1C was measured at a single time-point
and we did not collect information on previous hyperglycemia
exposure.

CONCLUSIONS

While the association of A1C with cardiovascular disease and
other diabetic microvascular complications was linear without
evidence of a distinct threshold, several studies suggested a
threshold value for A1C in DR. In studies about the optimal
cutoft value for AI1C in DR, the values of A1C ranged from
5.2% to 7.8%. There are several possible reasons why these val-
ues for DR differ so widely (differences in definition and/or
methods for detection of DR, variation in statistical methods,
differences in study populations, differences in exclusion crite-
ria, and differences in methods for measuring A1C). With
these wide variations in study methods, drawing a conclusive
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cutoff value for A1C in DR is impossible.

In earlier studies, using direct opthalmoscopic examination
or a retinal photograph of one field per eye, there was a strong
association of hyperglycemia with DR, and a sharp threshold
for A1C was observed [25-27]. A pooled analysis with three
cross-sectional populations using retinal photographs with
multiple fields reported inconsistent evidence for a uniform
glycemic threshold for prevalent and incident retinopathy
[47]. These findings suggested that the sensitivity of the tech-
nique for DR could be one determinant for the optimal cutoft
value for A1C in DR. The DETECT-2 collaboration study [30]
showed that the A1C threshold for moderate or more severe
retinopathy was observed over the range of 6.3% to 6.7%. The
threshold for diabetes-specific retinopathy from ROC analysis
was 6.4% for A1C. In published studies, the cutoft values for
moderate or more severe DR were higher than those for any or
mild DR (6.4% to 7.0% vs. 5.5% to 6.5%).
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