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Innovative technology shows impact of glycaemic control
on peripheral retinal vessels in adolescents with type 1 diabetes
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Abstract
Aims/hypothesis Retinal imaging enables non-invasive mi-
crovasculature assessment; however, only central retinal ves-
sels have been studied in type 1 diabetes. Peripheral smaller
vessels have a major haemodynamic role and may differ from
central vessels in their response to the diabetic milieu. We
hypothesise that diabetes has a greater impact on peripheral
retinal vessels vs central vessels.
Methods Retinal photographs from adolescents (n = 736; age
12–20 years) with type 1 diabetes were graded (Singapore I
Vessel Assessment) with vessel calibres measured in the ‘central
zone’ as central retinal arteriolar and venular equivalents (CRAE
and CRVE, respectively) and the ‘extended zone’ as mean width
of arterioles and venules (MWa and MWv, respectively).
Multivariable linear regression was used to explore associations
between vessel calibres andHbA1c, diabetes duration, sex andBP.
Results Mean ± SD age was 14.1 ± 1.5 years, HbA1c was
8.5 ± 1.3% (69.4 ± 14.1 mmol/mol) and median diabetes dura-
tion was 4.9 years (interquartile range 3.1–7.6 years). Wider
MWa was associated with HbA1c (β 0.01 [95% CI 0.004,

0.03]), longer diabetes duration (0.07 [0.02, 0.13]) and higher
systolic BP (0.04 [0.02, 0.05]). MWv was associated with
HbA1c (0.02 [0.009, 0.03]) and higher systolic BP (0.04 [0.03,
0.06]). CRAEwas associatedwith longer diabetes duration (0.93
[0.58, 1.28]) and higher systolic BP (−0.28 [−0.37, −0.19]).
CRVE was associated with longer diabetes duration (0.91
[0.42, 1.41]) and higher systolic BP (−0.20 [−0.33, −0.07]).
Girls had wider vessels (for all four calibre measurements).
Conclusions/interpretation In adolescents with type 1 diabe-
tes, higher HbA1c is associated with adverse changes to
peripheral smaller retinal vessels but not central vessels. The
predictive value of retinal vascular imaging should be evalu-
ated using longitudinal data.

Keywords Adolescents . BP . Diabetes complications .

Diabetic retinopathy . Glycaemic control . Retinal vascular
calibre . Singapore I vessel assessment . Type 1 diabetes

Abbreviations
CRAE Central retinal arteriolar equivalent
CRVE Central retinal venular equivalent
DBP Diastolic BP
MWa Mean width of arterioles
MWv Mean width of venules
SBP Systolic BP

Introduction

Retinal microvasculature offers a unique opportunity to better
understand the pathophysiology of diabetes complications.
Adolescence and puberty are high-risk periods for the develop-
ment of vascular complications [1]; however, adolescence is a
difficult age to monitor for complications. The retinal
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vasculature is accessible to non-invasive visualisation, offering
the opportunity to better understand early microvascular path-
ophysiology. Retinal microvasculature changesmay reflect ear-
ly retinal and systemic vascular dysfunction, and predict later
micro- and macrovascular disease including retinopathy, in-
creased cardiovascular morbidity/mortality rates and nephrop-
athy [2–10]. The relationship between retinal vascular changes
and diabetes complications has already been demonstrated, but
published studies so far have only focused on central retinal
vessels within one disc diameter from the optic disc.

Capillary vasodilatation is the earliest sign of diabetic ret-
inopathy [11, 12]. Retinal vasodilatation and hyperperfusion
are postulated as key initiating factors in the development of
diabetic retinopathy [13, 14]. Experimental studies have
shown that increased retinal blood flow and vasodilation re-
flect underlying autoregulatory dysfunction [15]. This could
be due to hyperglycaemia-mediated endothelial dysfunction,
retinal hypoxia from retinal capillary non-perfusion [15], up-
regulation of inflammatory mediators [16], superoxide forma-
tion [13, 14] and downregulation of calcium-activated potas-
sium channels [17]. In diabetes, wider retinal venules may
predict subsequent retinopathy, but the effect on arterioles is
more difficult to discern because of the opposing effects of
high BP and increasing age during adolescence [18]. Other
factors that may influence retinal vessel calibre include ath-
erosclerosis, age-related macular degeneration, kidney disease
and use of vasoactive medications, such as calcium channel
blockers, which is uncommon in adolescents. Nevertheless,
the diabetic milieu may demonstrate different effects on the
retinal blood vessels in adolescents compared with adults.

With innovative technology, it is now possible to measure the
smaller peripheral vessels in the retina, two optic disc diameters
away from the optic disc margin. Smaller peripheral vessels host
endothelial cells and pericytes, both of which play amajor role in
the pathogenesis of microvascular complications. Pericytes are
vascular smoothmuscle cells present in smaller vessels including
capillaries, precapillary arterioles and in the venous end of cap-
illaries. Pericytes are damaged early in diabetes [19]. Studying
these smaller peripheral vessels, which are one-tenth of the size
of central vessels, may provide better understanding of the future
risk of complications than central vessel analysis.

We hypothesise that in adolescents with type 1 diabetes
hyperglycaemia is associated with wider vessel calibres at
the periphery of the retina, especially early in the course of
disease. We further hypothesise that this relationship remains
after adjustment for other factors known to influence vessel
calibre including BP and diabetes duration.

Methods

Study population The study population comprised adoles-
cents with type 1 diabetes who were prospectively assessed

for diabetes complications at The Children’s Hospital at
Westmead in Sydney, Australia, between 1990 and 2007.
Inclusion criteria were age 12–20 years, type 1 diabetes dura-
tion of at least 2 years, gradable retinal photographs suitable
for retinal vascular geometry grading and absence of retinop-
athy (defined as no microaneurysm/haemorrhage).

The ethics committee of the Sydney Children’s Hospitals
Network approved the study and written informed consent
was obtained from parents of all participants.

Complications assessment Participants were assessed by
standardised interviews, clinical examinations and laboratory in-
vestigations during the visit as previously described [20]. Briefly,
height and weight were measured to estimate BMI (kg/m2) and
SD scores were determined using the Center for Disease Control
population-based data. BP was measured with a sphygmoma-
nometer using an appropriately sized cuff in seated individuals
after 5 min rest. Venous blood samples were obtained for mea-
surement of total cholesterol levels and glycaemic control, which
was assessed by glycated haemoglobin calorimetrically before
February 1994 and subsequently by HbA1c with HPLC
(Diamat Bio-Rad analyser, Bio-Rad, Herculus, CA, USA).
Glycated haemoglobin values were converted to HbA1c

(Diamat = 1.9088 + 0.0043 × GHb; r = 0.92). The interassay
coefficients of variation were 1.1% and 1.2% for values of
HbA1c of 5.95% and 9.76%, respectively.

Retinal photography Mydriatic seven-field stereoscopic
fundal photographs were taken using a TRC 50-VT Topcon
Fundus Camera (Tokyo Optical, Tokyo, Japan) to assess for
retinopathy. Images were taken initially with film and from
September 2004 with digital photography [1]. Camera settings,
including the angle of retinal photography, remained unchanged.
All film slides before September 2004 were digitised using a
CanoScan FS2710 (Canon, Tokyo, Japan) film scanner, set to
automatic exposure and focus, with 24 bit colour and a maxi-
mum resolution of 2720 dpi without enhancement. These
digitised images were used to assess retinal vascular geometry.

Retinal vessel measurements Retinal vessel calibres were
analysed from retinal photographs of the central field. All slides
were individually assessed for grading suitability. Images were
considered unsuitable for grading if they were blurred, did not
completely represent all zones or if there were fewer than four
large arterioles or venules gradable in one image. Of the im-
ages, 215 (22%) were either unsuitable for grading (n = 47)
and/or showed retinopathy (n = 168). Therefore, 736 images
were gradable. Individuals who were excluded did not differ
significantly in age, sex, diabetes duration, retinopathy status,
cholesterol level and BP from those included.

Right eye digitised retinal photographs were analysed by a
single trained grader, masked to participants’ characteristics,
using a semi-automated computer-assisted image program
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(Singapore I Vessel Assessment, National University of
Singapore, Republic of Singapore) (Fig. 1). The grader
allowed the software to detect the centre of the optic disc
and divided the region into three subzones (A, B and C) sur-
rounding the optic disc, each zone corresponding to 0.5, 1.0
and 2.0 optic disc diameters away from the optic disc margin,
respectively. Zone C includes zones A and B (Fig. 1). Once
the optic disc and the three concentric subzones were located,
the grader executed the program to trace all vessels. The ves-
sels were then identified and labelled as arterioles or venules
and the width of the vessels measured.

Retinal vascular outcome measures The mean widths of the
six large arterioles and venules in central zone B are represented
by the central retinal arteriolar equivalent (CRAE) and the central
retinal venular equivalent (CRVE), respectively. CRAE and
CRVE were calculated by iteratively joining the consecutive
pairs of vessel mean widths using a formula described by
Knudtson et al [21]. The mean widths of the peripheral vessels
are represented by the mean widths of arterioles and venules
(MWa and MWv, respectively) in extended zone C. MWa and
MWv are a recursive combination of the root segment and its
descendants. This was obtained by the average combined width
of the parent and daughter segments of a vessel (Fig. 1). A high
degree of reliability was found between the different retinal ves-
sel calibre measurements used. Based on duplicate assessment of
72 images by two independent graders, the intraclass correlation
coefficients were: 0.919 for CRAE, 0.679 for CRVE, 0.913 for
MWa and 0.944 for MWv in extended zone C, and 0.908 for
CRAE, 0.745 for CRVE, 0.88 for MWa and 0.84 for MWv in
central zone B.

Statistical analysis Descriptive statistics are reported as
mean ± SD for parametric data or median (interquartile range
[IQR]) for skewed data. Participants were stratified into

tertiles for HbA1c (<7.8%, 7.9–8.9% and >9% [<61.7 mmol/
mol, 62.8–73.8 mmol/mol and 74.8–144.8 mmol/mol]) for
analysis. Differences in continuous variables were compared
across the three HbA1c groups using ANOVAwith the Tukey
test for post hoc analysis. The major outcome measures were
retinal vascular calibres in the central zone (CRAE, CRVE)
and extended zone (MWa,MWv). Multivariable linear regres-
sion was used to analyse the associations between the four
outcome measures and explanatory variables (HbA1c, BMI
and cholesterol). Two multivariable models were constructed
to avoid inclusion of collinear variables in the same model.
Model 1 included HbA1c, type 1 diabetes duration, sex, height
and systolic BP (SBP). Model 2 included HbA1c, type 1 dia-
betes duration, sex, height and diastolic BP (DBP). Data are
expressed as regression coefficients (β [95%CI]) and p < 0.05
was considered to be significant. Analyses were performed
using SPSS v.22 (IBM, Armonk, NY, USA).

Results

Of the 951 adolescents who had retinal photographs taken
over the study period, 736 (77%) were free of retinopathy
and had photographs suitable for retinal geometry grading.
The study population had a mean age of 14.1 ± 1.5 years, a
median diabetes duration of 4.9 (3.1–7.6) years and a mean
HbA1c 8.5 ± 1.3% (69.4 ± 14.1 mmol/mol). The characteris-
tics of participants stratified by HbA1c tertile are shown in
Table 1. None of the participants were hypertensive (defined
as SBP and DBP ≥95th centile for sex, age and height) [22].
Across the three HbA1c tertiles, MWa and MWv increased;
this relationship was not observed for CRAE or CRVE
(Table 1, Fig. 2). HbA1c as a continuous variable was associ-
ated with wider vessel calibres in the extended zone (MWa,
MWv) but not in the central zone (Table 2).

Wider vessel calibre (MWa andMWv) in the extended zone
was associated with higher SBP and DBP in multivariable
analyses. Conversely, central zone vessel calibres (CRAE and
CRVE) were narrower with higher BP (Table 2). Wider vessel
calibres in both zones (CRAE, CRVE, MWa and MWv) were
associated with longer diabetes duration (Table 2).

The association between peripheral vessel calibre and
HbA1c was preserved in multivariable analysis after adjusting
for diabetes duration, sex, height and SBP (Table 2) and for
DBP (model 2, data not shown). There was a sex difference for
all four outcomes, with wider vessels (CRAE, CRVE, MWa
and MWv) associated with girls in the multivariate analyses.

Discussion

This large cross-sectional study of adolescents with type 1
diabetes is the first to examine peripheral retinal zone vessels

Fig. 1 Digitised retinal photograph indicating retinal zones A, B and C
(0.5, 1.0 and 2.0 optic disc diameters from the optic disc, respectively). 1,
root segment; 2 and 3, daughter segments. Image courtesy of P.Z.
Benitez-Aguirre
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and their relationship with clinically important risk factors, in
particular with glycaemia and BP. We demonstrate differential
associations with SBP for central and peripheral retinal ves-
sels, suggesting that peripheral retinal vessels respond ad-
versely to poor glycaemic control earlier than central vessels.
We also found that female sex was significantly associated
with wider central and peripheral vessels.

Our novel finding that higher concurrent HbA1c levels are
associated with wider peripheral vessels is biologically plau-
sible. It is well-established that the diabetic milieu results in
relative systemic tissue hypoxia that can be visualised in the
retina. We postulate that, to compensate for hyperglycaemia-
induced retinal hypoxia, vasodilation ensues in an attempt to
increase blood flow and tissue oxygenation.

The observed inverse association between higher BP and
smaller central retinal vessels is in keeping with previous
findings in older nondiabetic individuals [23–28]. In the
Rotterdam Study, for example, a 10 mmHg increase in SBP
corresponded to a 1.1 μm decrease in CRAE and 0.5 μm
decrease in CRVE; this was especially prominent in younger
people [29]. Retinal circulation autoregulation aims to

Table 1 Participant
characteristics by HbA1c

tertile

HbA1c tertile p value

First tertile

<7.8%
(<61.7 mmol/mol)

Second tertile

7.9–8.9%
(62.8–73.8 mmol/mol)

Third tertile

>9.0%
(74.8–144.8 mmol/mol)

n 245 245 246

Median HbA1c (%) 7.3 8.3 9.5 <0.001

Median HbA1c (mmol/mol) 56 67 80 <0.001

Age (years) 14.1 (1.4) 13.9 (1.46) 13.8 (1.4) 0.12

Diabetes duration (years) 5.5 (3.3) 5.5 (2.8) 5.7 (2.9) 0.66

Total cholesterola (mmol/l) 4.1 (0.8) 4.3 (0.7) 4.6 (1.0) <0.001

SBP (mmHg) 110 (13) 112 (12) 112 (11) 0.12

DBP (mmHg) 66 (9) 67 (8) 68 (8) 0.01

Pulse pressure (mmHg) 45 (11) 46 (10) 44 (10) 0.30

Mean arterial pressure (mmHg) 80 (9) 82 (8) 83 (7) 0.01

BMI (kg/m2) 21.7 (3.1) 21.9 (3.9) 21.9 (3.8) 0.88

Height (cm) 163.8 (9.5) 162.4 (9.9) 161.4 (9.1) 0.02

Weight (kg) 58.7 (11.6) 58.5 (14.9) 57.5 (12.7) 0.54

Log AER 0.67 (0.30) 0.67 (0.28) 0.70 (0.32) 0.52

CRAE (μm) 156.15 (14.89) 155.63 (14.97) 155.67 (15.29) 0.92

CRVE (μm) 216.15 (20.54) 217.76 (20.45) 217.19 (22.71) 0.73

MWab (μm) 15.84 (2.17) 16.33 (2.22) 16.58 (2.31) 0.002

MWv (μm) 17.97 (2.51) 18.71 (2.48) 19.10 (2.79) <0.001

Results are expressed as mean (SD)
a Random cholesterol level
b In zone C

Between-group comparisons were performed using ANOVA for normal data and the post hoc Tukey test for multiple
comparisons
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Fig. 2 Distribution of central and peripheral retinal vessel calibres by
HbA1c tertile. Graphs show the relationship of HbA1c with (a) CRAE
(in zone B), (b) MWa (in zone C), (c) CRVE (in zone B) and (d) MWv
(in zone C)
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optimise blood flow. Laser doppler velocimetry shows that
hyperglycaemia causes increased blood flow, and that increases
in BP result in further increased blood flow in diabetic but not in
nondiabetic individuals [13]. With increased BP, we observed
narrower central vessels and wider peripheral vessels, probably
due to compensatory autoregulation in response to increased
blood flow and BP [13].

We hypothesise that the observed vasodilation of the pe-
ripheral vessels may be an adaptive/maladaptive change in an
attempt to improve tissue perfusion by decreasing vascular
resistance further downstream. Such decreases in pressure in
an already low pressure, low velocity system may result in
stasis, further contributing to vascular damage.

The retinal arteries lose their internal elastic lamina soon
after they bifurcate at the optic disc. As a compensatory mech-
anism the retinal arteries have a thicker muscularis layer,
which allows vasoconstriction in response to pressure and/or

chemical stimuli. With increasing distance from the optic disc,
pericytes replace the smooth muscle cells in retinal veins.
Pericytes interact with the surrounding endothelial cells
providing vessel stability [30] and play a role in angiogenesis
[31]. Post-mortem studies have shown early pericyte loss in
people with diabetes, with a low pericyte to endothelial cell
ratio of 1:4, compared with 1:1 in nondiabetic individuals
[32]. Apoptosis of pericytes is the earliest retinal change noted
in hyperglycaemia and eventually leads to retinal non-
perfusion [19, 33]. Pericyte loss leads to further vasomotor
dysregulation, loss of structural support, capillary dropout
and sustained vasodilation in animal studies [34].
Furthermore, human studies have suggested that widening of
retinal arterioles could increase the risk of incident retinopathy
as a result of a breakdown in autoregulation [4, 15].

Dynamic vascular responses are impaired in diabetes [35].
Retinal blood flow in diabetes has been shown to be increased,

Table 2 Multivariable linear re-
gression to explore associations
between peripheral and central
retinal vessel calibres and HbA1c,
diabetes duration, sex, height and
SBP

Univariate Multivariate

β (95% CI) p value β (95% CI) p value

CRAE (μm)

HbA1c (mmol/mol) −0.04 (−0.12, 0.03) 0.27 – –

HbA1c (%) −0.43 (−1.35, 0.47) 0.34 – –

Duration of diabetes (years) 0.70 (0.36, 1.04) <0.001 0.93 (0.58, 1.28) <0.001

Sexa −3.72 (−5.84, 1.59) 0.001 −5.04 (−7.26, −2.82) <0.001

Height (cm) 0.03 (−0.08, 0.14) 0.60 0.20 (0.08, 0.32) 0.002

SBP (mmHg) −0.25 (−0.34, −0.17) <0.001 −0.28 (−0.37, −0.19) <0.001

CRVE (μm)

HbA1c (mmol/mol) −0.02 (−0.13, 0.08) 0.64 – –

HbA1c (%) −0.30 (−1.59, 0.98) 0.64 – –

Duration of diabetes (years) 0.79 (0.30, 1.27) 0.001 0.91 (0.42, 1.41) <0.001

Sexa −4.52 (−7.54, −1.50) 0.003 −5.83 (−8.99, −2.68) <0.001

Height(cm) −0.02 (−0.18, 0.13) 0.75 0.19 (0.02, 0.37) 0.02

SBP (mmHg) −0.11 (−0.24, 0.009) 0.06 −0.20 (−0.33, −0.07) 0.002

MWa (μm)

HbA1c (mmol/mol) 0.01 (0.007, 0.03) 0.002 0.01 (0.004, 0.03) 0.007

HbA1c (%) 0.21 (0.07, 0.34) 0.002 0.19 (0.05, 0.33) 0.006

Duration of diabetes (years) 0.07 (0.02, 0.12) 0.006 0.07 (0.02, 0.13) 0.007

Sexa −0.44 (−0.76, −0.13) 0.006 −0.46 (−0.81, −0.11) 0.01

Height (cm) −0.01 (−0.02, 0.005) 0.17 – –

SBP (mmHg) 0.03 (0.02, 0.04) <0.001 0.04 (0.02, 0.05) <0.001

MWv (μm)

HbA1c (mmol/mol) 0.02 (0.01, 0.04) 0.001 0.02 (0.009, 0.03) 0.001

HbA1c (%) 0.27 (0.12, 0.43) 0.001 0.22 (0.06, 0.38) 0.005

Duration of diabetes (years) 0.04 (−0.01, 0.10) 0.16 – –

Sexa −0.48 (−0.85, −0.11) 0.01 −0.46 (−0.87, −0.06) 0.02

Height (cm) −0.01 (−0.03, 0.002) 0.08 −0.02 (−0.04, −0.003) 0.02

SBP (mmHg) 0.04 (0.03, 0.06) <0.001 0.04 (0.03, 0.06) <0.001

a Female = 0; male = 1

Only significant values are reported for the multivariate analyses
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especially early in the disease [36, 37]. Retinal vasodilatation
and hyperperfusion related to hypoxia and nitric oxide release
are postulated to be key initiating factors in retinopathy devel-
opment [13, 14]. Hyperperfusion is associated with impaired
autoregulation, increased shear stress and leads to the devel-
opment of microaneurysms [15]. Retinal venular dilation may
reflect endothelial dysfunction and increased production of
nitric oxide secondary to higher levels of cytokines often
associated with diabetes [38–41].

We postulate that the adverse effects of hyperglycaemia in
smaller vessels precede vasodilatory changes in the larger
vessels. This would account for the wider central venules
(CRVE) with higher HbA1c in individuals whose duration of
diabetes was longer than in the current study (mean 15 years
vs 5 years) [42].

Wider vessels are predictive of retinopathy and other
microvascular complications in type 1 diabetes [4, 43]. In a
prospective cohort study of young individuals with type 1
diabetes who were free of retinopathy at baseline, we previ-
ously demonstrated that (central) retinal arteriolar dilatation
was associated with incident retinopathy [4], but unlike in
the present study, the peripheral vessels were not analysed.
Our present results, showing wider vessel calibres with longer
diabetes duration, are consistent with previous studies show-
ing progression of retinopathy in adults with type 1 diabetes
with increasing diabetes duration [44]. While our study group
did not have retinopathy, future longitudinal analyses should
examine the predictive role of peripheral vessels on retinopa-
thy. Our finding that girls had wider vessels may suggest that
their future risk of microvascular complications is greater.
Sexual dimorphism in diabetes complications has been previ-
ously described [44, 45]. This is likely to be due to early
pubertal growth spurt, hormonal changes in puberty, including
vasodilatory effects of oestrogen and progesterone, and higher
rates of insulin resistance in women [44, 45].

The retinal changes associated with BP in retinopathy-free
normotensive individuals, such as our study population, are
important and warrant closer monitoring. We found that higher
SBP was associated with narrower central vessels but, in con-
trast, with wider peripheral vessels. Higher BP, albeit in the
normal range, is important because it has a significant associa-
tion with development of retinopathy in adolescents. Higher
BP in itself accentuates shear stress and microvascular damage.
In a prospective cohort study of adolescents with type 1 diabe-
tes (median age 13.4 [IQR 12–15.2] years, duration of diabetes
4.9 [3.1–7] years), we have previously shown that higher SBP
and DBPwere predictors of retinopathy. The cumulative risk of
retinopathy after 10 years of diabetes was higher for those with
SBP and DBP on or above the 90th centile compared with
those below the 90th centile [23]. Thus it seems likely that
the narrowing of the central vessels precedes and contributes
to increase BP in an attempt to improve perfusion in response
to the relative neuroretinal ischaemia in the diabetic milieu in

which a dynamic vicious cycle may exist in a maladaptive
attempt to maintain the microcirculation [46].

Quantifying peripheral retinal vessels is non-invasive and
can be applied to retinal photographs, which are commonly
used in clinical practice. Early changes in smaller vessels may
assist in elucidating mechanistic pathways that lead to micro-
and macrovascular complications. Furthermore, smaller reti-
nal vessels may bemore sensitive to interventionmaking them
potential biomarkers of disease progression and measures of
response to therapy.

The strengths of this study include the large study population
of individuals who are probably representative of young people
with type 1 diabetes in Australia as most are cared for by en-
docrinologists in public hospital clinics, such as the site of this
study. Potential limitations are the lack of nondiabetic control
individuals and the cross-sectional study design that includes
only concurrent HbA1c and BP levels. We were not able to
adjust for confounders of refraction or magnification but these
factors are unlikely to affect peripheral and central vessels pref-
erentially. Longitudinal studies with multiple measures of reti-
nal status and systemic risk factors are warranted to confirm and
extend our novel findings for the development of retinopathy.

In conclusion, our data shows that peripheral retinal vessels
demonstrate changes before the central retinal vessels in
retinopathy-free adolescents with type 1 diabetes. Higher
HbA1c was associated with wider peripheral vessels but not
central retinal vessels. Assessment of peripheral retinal vessel
calibres may provide insight into early microvascular changes
associated with diabetes and its complications. Ultimately this
non-invasive test, which can be derived from retinal photo-
graphs, may be valuable for clinical practice.
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