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Evidence of Microvascular Changes
in the Retina following Kawasaki
Disease
Katherine Y. H. Chen1,2,3, David P. Burgner1,2,4, Tien Y. Wong5,6, Seang Mei Saw5,6,
Swee Chye Quek7,8, Audrey Y. C. Pang9, Seo Wei Leo10, Inez B. Wong11, Diana Zannino1,
Nigel Curtis1,2,3, Michael Cheung1,2,12, Carol Y. Cheung5,13,* & Terence C. W. Lim7,8,*
It is unclear whether all children with Kawasaki disease (KD) have increased later cardiovascular
risk. The retinal microvasculature reflects changes in the microcirculation and is associated with
traditional cardiovascular risk factors and events. The aim of this study was to investigate retinal
microvascular parameters in two populations of patients with previous KD and control participants.
We performed case-control studies of 116 (57 patients and 59 control participants) Australian and
156 (78 patients and 78 control participants) Singaporean individuals, at least two years since their
acute illness. Standardised retinal photographs were graded by trained technicians using a semiautomated software, which quantifies the retinal microvasculature (calibre, branching angle, fractal
dimensions, and tortuosity). Retinal venules of Singaporean KD patients were 9.67 μm (95% CI 4.87
to 14.51, p < 0.001) larger than control participants following correction for traditional cardiovascular
risk factors. An incremental increase in the size of retinal venules in those with coronary artery
abnormalities was observed. There was limited evidence that retinal venules were larger in Australian
KD patients with coronary artery abnormalities compared to control participants (7.34 μm, 95% CI 1.30
to 15.99, p = 0.10). Differences in retinal microvasculature were particularly evident in Singaporean KD
patients. Larger retinal venules may reflect chronic inflammation and endothelial dysfunction, and are
associated with coronary artery disease in adults.
Kawasaki disease (KD) is an acute systemic paediatric vasculitis of unknown aetiology first described in 19671.
The incidence of KD is increasing and it is the commonest cause of acquired heart disease of children in industrialised countries2. Whether KD causes changes to the systemic vasculature indicative of later cardiovascular
risk, especially in those without identified coronary artery changes or with regressed coronary artery lesions, is
unknown. Studies investigating this question have used non-invasive assessment of large artery structure and
function extrapolated from studies of subclinical atherosclerosis. Findings from studies of carotid intima-media
thickness, pulse wave velocity, and endothelial function of peripheral arteries following KD are conflicting, particularly in the low risk groups3.
KD is considered a medium sized vasculitis causing coronary artery aneurysms in the most severely affected
cases. However, vascular involvement may be systemic and aneurysms occasionally occur in the aorta, axillary,
brachial and iliac arteries4. Whether the microcirculation is affected following KD has not been reported previously.
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Changes to the microcirculation can be quantified by non-invasive assessment of the retinal microvasculature,
a technique increasingly used to augment cardiovascular risk assessment in clinical and research studies in both
adults and children5,6. The calibre of the retinal vessels is the most widely studied retinal microvascular parameter
with good reproducibility7,8. Smaller retinal arterioles are associated with traditional cardiovascular risk factors9,
and incident cardiovascular disease10. Larger retinal venules are associated with markers of inflammation11–13,
traditional cardiovascular risk factors9,14, endothelial dysfunction9, and increased risk of coronary heart disease15
and stroke in adults16. Other retinal microvascular parameters, such as retinal fractal dimension and tortuosity, have also been associated with cardiovascular disease16–18. This accumulating evidence suggests that retinal
microvascular parameters may be predictive of cardiovascular risk. Associations between retinal microvascular
parameters and cardiovascular risk factors have also been described in children5,14, and limited longitudinal data
have linked childhood adverse cardiovascular risk factors with changes in the retinal microvascular parameters
in adulthood19.
The aim of this study was to investigate retinal microvascular parameters (calibre, branching angle, fractal
dimensions, and tortuosity) in two populations (predominantly Caucasian and Asian) of patients with previous
KD and control participants. We hypothesised that KD patients would have an abnormal retinal microvascular
profile (e.g. larger venules, smaller arterioles, suboptimal fractal dimension and tortuosity) compared to control
participants.

Methods

We designed and performed two case-control studies of children with previous KD and control participants in
Australia and Singapore. The studies were performed in accordance with the Declaration of Helsinki and relevant
local guidelines and regulations. Written consent was obtained from children’s guardians or adult participants
prior to enrolment. In both cohorts, ethnicity was based on self-report of the participants’ biological parents.

Australian cohort.

Patients aged six to 30 years who had acute KD at least two years prior were recruited
from The Royal Children’s Hospital and Monash Medical Centre, Melbourne, Australia. The study was approved
by the Human Research Ethics Committee of both hospitals. Individuals with a history of acute KD that fulfilled either the American Heart Association diagnostic criteria for KD20, and/or had abnormal coronary artery
dimensions that met the Japanese Ministry of Health Criteria21 on an echocardiogram done within two months
of disease onset were included in the KD group. Kawasaki disease patients were further categorised into those
with always normal coronary arteries and those with coronary artery abnormalities based on their worst ever
echocardiogram.
Control participants were unrelated healthy individuals of similar age and sex to KD patients recruited from
the outpatient department of The Royal Children’s Hospital Melbourne, children of staff members, or unrelated
friends of KD patients. Exclusion criteria in both groups were pregnancy, diabetes, known atherosclerotic cardiovascular disease, treatment for hypertension and/or hyperlipidaemia, or chronic inflammatory conditions.
After a minimum six-hour fast, participants attended Murdoch Childrens Research Institute for a single
appointment between September 2013 and December 2015, during which demographic details, anthropometric
and adiposity measurements (BC 418, Tanita, Tokyo, Japan), and blood pressure (SphygmoCor XCEL, AtCor
Medical Pty Ltd, NSW, Australia) were obtained. Retinal photographs were taken using a non-mydriatic retinal
camera (CR6-45NM, Canon, Tokyo, Japan or model VX 10i KOWA, Tokyo, Japan). Disc centred photographs
of the retina were taken of the left and right eyes without mydriasis. High sensitivity C-reactive protein (hsCRP)
on blood obtained at the study visit was measured using standardised procedures (Abbott Architect, IL, USA).

®

Singaporean cohort.

Kawasaki disease patients aged six to 18 years were recruited from the National
University Hospital, Singapore. The case definition for Kawasaki disease and coronary artery abnormality
used were identical to the Australian cohort. The study was approved by the hospital research ethics board.
Demographic details, height, weight (Seca, Hamburg, Germany), and blood pressure (GE Procare 400, USA) were
recorded. High-resolution digital retinal photographs centered on the disc and macula were taken using standardised settings (6.3 megapixel, resolution 3072 × 2048, CR6 Canon Japan) between June 2010 and July 2013.
Control participants of similar age and sex were selected from the Singaporean Cohort Study of Risk Factors
for Myopia. Details of the study population and recruitment procedures are described in detail elsewhere22.
Briefly, schoolchildren from three schools in Singapore aged seven to nine years at baseline were enrolled and
examined in 2001 and 2006. Children with cardiovascular disease, malignancy, syndrome-associated myopia,
or underlying eye disorders were excluded. The Ethics Committee of the Singaporean Eye Research Institute
approved of the study. After pupil dilatation with cyclopentolate 1%, disc centered retinal photographs were taken
using a Canon CR6-45NM non mydriatic camera (Tochigiken, Japan). High sensitivity C-reactive protein was not
measured in the Singaporean cohort.

Measurement of retinal microvascular parameters. All retinal photographs from both cohorts were
analysed at the Singapore Eye Research Institute using a semi-automated computer-assisted program (Singapore
I Vessel Assessment [SIVA], version 3.0, School of Computing, National University of Singapore)23. The following retinal microvascular parameters were quantified by trained graders, blinded to the participant’s grouping
using a standardised protocol: retinal microvascular calibre, branching angle, fractal dimension, and tortuosity
of both arterioles and venules. The measured area was defined as the region from 0.5 to 2.0 disc diameters away
from the disc margin. All visible vessels coursing through the specified zone were measured (Fig. 1). Reliability of
the quantitative measurements of retinal microvasculature using the SIVA program has been reported before24.
Table 1 summarizes the method of measurement for each parameter.
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Figure 1. SIVA image. Retinal photograph of a Singaporean (a) and Australian (b) participant measured using
Singapore I Vessel Assessment (SIVA). Arterioles are highlighted in red and venules in blue. The measured area
of retinal microvascular parameters is demarcated by white circles 0.5 to 2.0 disc diameters away from the disc
margin.
Retinal microvascular
parameter

Method of measurement

Calibre

The width of retinal arterioles and venules in a pre-defined zone are measured based on
the revised Knudtson-Parr-Hubbard formula. Retinal arteriolar and venular calibres are
summarised as the central retinal artery equivalent (CRAE) and central retinal vein equivalent
(CRVE), respectively. The ratio of both variables is the arterio-venous ratio (AVR).

Branching Angle

The first angle subtended between two daughter vessels at each bifurcation. The estimates
are summarised as retinal arteriolar branching angle and retinal venular branching angle,
representing the average branching angle of arterioles and venules of the eye, respectively.

Fractal dimension

Skeletonized line tracing using the box-counting method is used to calculate the fractal
dimension, which summarized the whole branching pattern of the retinal microvascular tree.
Larger values indicate a more complex branching pattern.

Tortuosity

The relative length variation between the curvatures of the vessel versus the shortest distance
of the vessel path. The estimates are summarised as retinal arteriolar tortuosity and retinal
venular tortuosity, representing the average tortuosity of the arterioles and venules in the eye,
respectively. Smaller tortuosity values indicate straighter vessels.

Table 1. Method of measurement for individual retinal microvascular parameters.

Statistical methods.

Statistical analysis was done using Stata 13.0 (Stata Corporation, College Station,
TX, USA). Measures of the retinal microvascular parameters and hsCRP were analysed as continuous variables.
Due to the skewed distribution of hsCRP, arteriolar and venular tortuosity, these variables were log-transformed.
Univariate comparisons of continuous variables were made using independent sample 2-tailed t-test.
Multi-variable linear regression was used to quantify the differences between groups adjusting for age, sex, mean
arterial blood pressure, and body mass index. Sensitivity analysis of participants with more homogenous ethnicity
(e.g. Chinese only in the Singaporean cohort and European-Caucasian only in the Australian cohort) was done
to investigate the effect of ethnicity. Finally, the microvascular calibre was added to the regression model for tortuosity to investigate if the reduction in vessel tortuosity is due to larger vessel calibre. This study was reported
following the STROBE guidelines for reporting observational studies.

Results

One hundred and twenty participants (60 KD and 60 control participants) were recruited in Australia. One KD
patient had an ungradable retinal photograph due to poor image quality and families of two KD patients and one
control participant did not consent to have their retinal photograph sent overseas for grading. There were 78 KD
patients recruited in Singapore and 78 control participants selected from the Singaporean Cohort Study of Risk
Factors for Myopia; all images were gradable.
The Singaporean control participants were marginally older compared to KD patients and had higher systolic and diastolic blood pressures (Table 2). The Australian cohort was predominantly European-Caucasian.
There were no differences between the Singaporean cohort in the distribution of Chinese, Malay and Indian
participants.
Compared to the Singaporean cohort, the Australian cohort included over three times more patients with
a history of coronary artery abnormalities, including 8 (14.0%) with persistent coronary artery aneurysms
more than eight mm in diameter (giant aneurysms) (Table 3). There were no participants from Singapore with
giant coronary artery aneurysms. The interval between the KD illness to retinal assessment was longer in the
Australian KD patients compared to the Singaporean ones (11.8 ± 5.9 versus 6.9 ± 4.0 years, p <  0.001). There
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Australian KD
(n = 57)

Australian Controls
(n = 59)

Age (years)

15.5 ±  5.6

15.2 ±  6.3

0.8

Male (n (%))

33 (57.9)

26 (44.1)

0.14

European-Caucasians (n (%))

42 (73.7)

42 (71.2)

0.7

Singaporean
controls
(n = 78)

Singaporean
KD vs controls
p value

10.2 ±  3.8

11.6 ±  1.2

0.002

48 (62.0)

50 (64.0)

0.9

0

0

Australian KD vs Singaporean KD
controls p value
(n = 78)

Asian (n (%)) (South east Asians, Indians)

10 (17.5)

9 (15.3)

78 (100)

78 (100)

Others (n (%)) (Africans, Latin Americans,
Polynesians)

1 (1.8)

4 (6.8)

0

0

Mixed (n (%)) parents from 2 different above
groups

4 (7.0)

4 (6.8)

0

0

Systolic blood pressure (mmHg)

115.9 ±  9.9

116.7 ±  9.9

0.7

106.8 ±  12.2

112.1 ±  14.8

0.02

Diastolic blood pressure (mmHg)

66.1 ±  6.6

67.4 ±  8.0

0.4

60.8 ±  6.8

65.3 ±  9.7

0.001

Body mass index

20.6 ±  4.4

20.6 ±  3.5

0.9

18.8 ±  3.5

19.7 ±  3.8

0.13

3 (5.2)

1 (1.7)

1

0

0

0.60 (95% CI
0.41, 0.88)

0.49 (95%CI 0.36, 0.68)

0.4

N/A

Current smokers (n (%))
*Geometric mean hsCRP (mg/L)

Table 2. Demographics and cardiovascular risk factors. Mean ± SD unless otherwise specified,
KD = Kawasaki disease, N/A = not available, hsCRP = high sensitivity C reactive protein. *Log transformed
hsCRP values have been retransformed back to mg/L using the exponential function to give geometric means
and 95% confidence intervals.

Australian KD
(n = 57)

Singaporean KD
( n = 78)

Age at diagnosis (years)

3.6 ±  3.2

2.9 ±  2.4

0.21

Time since acute illness (years)

11.8 ±  5.9

6.9 ±  4.0

<0.001

N (%) treated with IVIG

51 (89.5)

48 (61.5)

0.21

1 (1.8)

28 (35.9)

N (%) with always normal coronary arteries

25 (43.9)

66 (84.6)

N (%) with CA abnormalities <8 mm

23 (40.4)

11 (14.1)

Persistent CA abnormalities < 8 mm

6 (10.5)

6 (7.7)

Regressed CA abnormalities < 8 mm

17 (27.8)

5 (6.4)

N (%) with CA abnormalities >or equal to 8 mm

8 (14.0)

0

Persistent CA abnormalities > or equal to 8 mm

8 (14.0)

Unknown if treated with IVIG

Regressed CA abnormalities > or equal to 8 mm
Coronary artery diameter unknown

p value

<0.001

<0.001

0
1 (1.8)

1 (1.3)

Table 3. Clinical characteristics of Kawasaki disease patients. Mean ± SD unless otherwise specified,
KD = Kawasaki disease, CA =  coronary artery.

were no differences in hsCRP levels in Australian participants with previous KD compared to control participants, although a trend towards higher hsCRP in those with coronary artery abnormality was observed (Table 2).
In addition to the above clinical differences, the Australian control group had larger retinal arterioles,
smaller fractal dimensions and lesser tortuosity compared to the Singaporean control group (Supplementary 1).
Therefore, data from Australia and Singapore were not combined and the results of retinal vascular parameters
are therefore presented separately for each cohort.
Kawasaki disease patients from Singapore had larger retinal venules compared to control participants
(216.25 ± 14.41 versus 205.31 ±  13.65 μm, p < 0.001), with an incremental increase in those patients with
coronary artery abnormalities compared to those with ‘always normal’ coronary arteries (225.63 ±  15.56 versus 215.01 ±  13.60 μm, p = 0.02) (Table 4). There was limited evidence of a similar association in Australian
KD patients with coronary artery abnormalities compared to control participants (221.20 ±  15.30 versus
214.38 ±  22.69 μm, p = 0.13). Exploring the association of retinal venular calibre with age in both cohorts, there
was limited evidence of a small increase with each year increase in age (0.37 μm, 95% CI 0.04 to 0.79, p =  0.08)
(Supplementary 2). There was no association found between the size of the retinal venules and time since KD
(average increase of 0.27 μm per year after acute KD, 95% CI 0.19 to 0.74, p = 0.25) (Supplementary 2).
Singaporean KD patients also had larger retinal arterioles (149.43 ± 13.72 versus 140.15 ±  9.75 μm
 , p <  0.001)
and less tortuous retinal arterioles (7.34, 95% CI 7.05 to 7.64 versus 8.70, 95% CI 8.36 to 9.14, p <  0.001) and
venules (7.34, 95% CI 7.12 to 7.64 versus 9.42, 95% CI 9.14 to 9.71, p < 0.001) compared to control participants
(Table 4). These associations were observed in all KD patients, irrespective of coronary artery abnormalities.
There was limited evidence of a similar association with Australian KD patients having larger retinal arterioles
compared to control participants (155.90 ± 12.15 versus 151.99 ±  15.78 μm, p = 0.14). Australian KD patients
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Controls
(n = 78)

All KD
(n = 78)

All KD vs
controls p value

KD always normal CA
(n = 66 )

KD always normal
CA vs control
p value

KD +CA abnormalities
(n = 11)

KD CA
abnormalities vs
control p value

Australian
CRAE (μm)

151.99 ±  15.78

155.90 ±  12.15

0.14

156.72 ±  9.99

0.17

155.27 ±  13.72

0.33

CRVE (μm)

214.38 ±  22.69

218.83 ±  14.54

0.21

215.81 ±  13.20

0.77

221.20 ±  15.30

0.13

AVR

0.71 ±  0.04

0.71 ±  0.05

0.77

0.73 ±  0.05

0.13

0.70 ±  0.05

0.41

Arteriolar branching angle (deg)

83.71 ±  9.14

84.99 ±  9.45

0.46

84.83 ±  9.91

0.62

85.11 ±  9.26

0.49

Venular branching angle (deg)

78.80 ±  8.16

80.71 ±  9.12

0.24

79.71 ±  10.15

0.67

81.50 ±  8.31

0.14

Total fractal dimension

1.49 ±  0.05

1.50 ±  0.05

0.13

1.49 ±  0.06

0.88

1.51 ±  0.04

0.02

Fractal dimension arteriole

1.28 ±  0.05

1.30 ±  0.05

0.07

1.29 ±  0.06

0.43

1.31 ±  0.04

0.03

Fractal dimension venule

1.25 ±  0.04

1.26 ±  0.06

0.42

1.24 ±  0.06

0.58

1.27 ±  0.05

0.07

*Geometric mean arteriolar
tortuosity (x10−5)

8.36 (95% CI
7.71, 9.05)

8.36 (95% CI
7.87, 8.70)

0.89

8.11 (95% CI 7.41, 8.78)

0.57

8.52 (95% CI 7.87, 9.23)

0.78

*Geometric mean venular
tortuosity (x10−5)

7.95 (95% CI
7.49, 8.52)

7.49 (95% CI
7.19, 7.71)

0.09

7.49 (95% CI 6.98, 7.95)

0.22

7.49 (95% CI 7.19, 7.87)

0.19

Singaporean
CRAE (μm)

140.15 ±  9.75

149.43 ±  13.72

<0.001

148.78 ±  13.30

<0.001

155.14 ±  14.91

<0.001

CRVE (μm)

205.31 ±  13.65

216.25 ±  14.41

<0.001

215.01 ±  13.60

<0.001

225.63 ±  15.56

<0.001

AVR

0.68 ±  0.04

0.69 ±  0.05

0.3

0.69 ±  0.05

0.3

0.69 ±  0.04

0.8

Arteriolar branching angle (deg)

82.41 ±  8.51

81.35 ±  9.61

0.5

80.64 ±  8.24

0.2

85.37 ±  15.77

0.3

Venular branching angle (deg)

79.59 ±  7.70

80.55 ±  7.60

0.4

81.01 ±  7.62

0.3

78.09 ±  7.66

0.5

Total fractal dimension

1.51 ±  0.03

1.50 ±  0.04

0.4

1.50 ±  0.04

0.4

1.50 ±  0.03

0.5

Fractal dimension arteriole

1.30 ±  0.04

1.29 ±  0.05

0.3

1.30 ±  0.05

0.2

1.30 ±  0.04

1.0

Fractal dimension venule

1.27 ±  0.04

1.27 ±  0.04

0.8

1.27 ±  0.05

0.9

1.26 ±  0.03

0.2

*Geometric mean arteriolar
tortuosity (x10−5)

8.70 (95% CI
8.36, 9.14)

7.34 (95% CI
7.05, 7.64)

<0.001

7.34 (95% CI 6.98, 7.64)

<0.001

7.41 (95% CI 6.57, 8.44)

0.01

*Geometric mean venular
tortuosity (x10−5)

9.42 (95% CI
9.14, 9.71)

7.34 (95% CI
7.12, 7.64)

<0.001

7.34 (95% CI 7.12, 7.64)

<0.001

7.49 (95% CI 6.77, 8.27)

<0.001

Table 4. Univariate comparison of retinal microvascular parameters. Mean ± SD unless otherwise specified,
KD = Kawasaki disease, CRAE = central retinal artery equivalent, CRVE = central retinal vein equivalent,
AVR = arterio-venous ratio, CA =  coronary artery. +“CA abnormalities” includes patients with regressed and
persistent coronary artery abnormalities. *Log transformed tortuosity values have been retransformed using the
exponential function to give geometric means and 95% confidence intervals.

with coronary artery abnormalities had marginally larger total fractal dimension (1.51 ± 0.04 vs. 1.49 ±  0.05,
p = 0.02) compared to control participants, attributable to a larger arteriole fractal dimension.
The associations and magnitude of difference found in the univariate comparison remained similar after
adjusting for age, sex, mean arterial blood pressure, and body mass index (Table 5). The mean difference in vessel
tortuosity in the Singaporean cohort remained unchanged when the size of the retinal venule or arteriole was
added to the multi-regression model. The adjusted mean differences in retinal microvascular parameters between
Singaporean KD and control participants remained similar when the 18 Malay and 18 Indians were removed
from the analysis, leaving 126 Chinese participants. Similarly, the adjusted mean difference in retinal microvascular parameters between Australian KD and control participants remain unchanged when data from 84 Caucasians
were analysed, having removed 19 Asian, 5 non-Caucasian or Asian, and 8 mixed ethnicity participants (data not
shown).
There was no difference in hsCRP between Australian KD patients and control participants (0.60 mg/L, 95% CI
0.41 to 0.88 versus 0.49 mg/L, 95%CI 0.36 to 0.68, p = 0.4) and no evidence of an association between hsCRP and
size of retinal venules (p =  0.18) (Supplementary Figure 3).

Discussion

This is the first study to describe changes in the retinal vasculature following KD. We found larger retinal venules
in Singaporean KD patients, with an incremental increase in those patients with coronary artery abnormalities.
There was limited evidence for analogous changes in Australian KD patients. The differences in retinal venular
calibre were unchanged after adjustment for age, sex, mean arterial pressure, and body mass index. Additional
retinal microvascular changes were cohort-specific, with larger retinal arterioles, reduced arteriolar and venular
tortuosity in Singaporean KD patients, and larger fractal dimensions in Australian KD patients compared to
respective control participants. Our study provides the first evidence that following KD, patients have observable
differences in their retinal microvasculature.
Retinal microvascular calibre has well-established reproducibility and associations with cardiovascular risk
factors and outcomes8,10,15. Larger retinal venules have been associated with endothelial dysfunction, oxidative
stress and various biomarkers of chronic inflammation, which are key players in the pathophysiology of vascular
injury11,12. Increased biomarkers of oxidative stress and inflammation have been reported following KD especially
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All KD
(n = 78)

All KD vs
control
p value

KD always normal CA
(n = 66)

KD always
normal CA vs
control p value

KD+ CA abnormalities
(n = 11)

KD CA
abnormalities vs
control p value

Australian
CRAE (μm)

4.29 (−1.04, 9.63)

0.11

5.05 (−1.82, 11.94)

0.15

3.68 (−2.71, 10.07)

0.26

CRVE (μm)

4.89 (−2.35, 12.14)

0.18

1.86 (−7.45, 11.17)

0.69

7.34 (−1.30, 15.99)

0.10

AVR

0.003 (−0.01, 0.02)

0.73

0.02 (−0.006, 0.04)

0.13

−0.008 (−0.03, 0.01)

0.43

Arteriolar branching angle (deg)

1.50 (−2.03, 5.02)

0.40

1.01 (−3.54, 5.56)

0.66

1.88 (−2.34, 6.11)

0.38

Venular branching angle (deg)

1.55 (−1.63, 4.73)

0.34

0.62 (−3.48, 4.72)

0.77

2.30 (−1.51, 6.10)

0.23

Total Fractal dimension

0.01 (−0.003, 0.03)

0.11

0.002 (−0.02, 0.03)

0.84

0.02 (0.003, 0.05)

0.03

Fractal dimension arteriole

0.02 (−0.0002, 0.04)

0.05

0.01 (−0.01, 0.04)

0.32

0.02 (0.001, 0.05)

0.04

Fractal dimension venule

0.008 (−0.01, 0.03)

0.43

−0.007 (−0.03, 0.02)

0.54

0.02 (−0.002, 0.04)

0.08

*Geometric mean arteriolar tortuosity

0.98 (0.89, 1.08)

0.73

0.94 (0.85, 1.05)

0.29

1.02 (0.91, 1.14)

0.76

*Geometric mean venular tortuosity

0.95 (0.88, 1.02)

0.14

0.94 (0.86, 1.03)

0.20

0.95 (0.88, 1.02)

0.18

CRAE (μm)

8.33 (4.23, 12.43)

<0.001

7.55 (3.35, 11.74)

0.001

14.36 (5.85, 22.88)

0.001

CRVE (μm)

9.67 (4.87, 14.51)

<0.001

8.49 (3.60, 13.39)

0.001

18.92 (8.98, 28.86)

<0.001

AVR

0.007 (−0.009, 0.02)

0.39

0.006 (−0.01, 0.02)

0.39

0.005 (−0.03, 0.04)

0.77

Arteriolar branching angle (deg)

−1.60 (−4.71, 1.50)

0.31

−2.24 (−5.41, 0.94)

0.17

3.30 (−3.14, 9.74)

0.31

0.96 (−1.69, 3.61)

0.48

1.30 (−1.43, 4.02)

0.35

−1.64 (−7.18, 3.89)

0.56

Total fractal dimension

−0.01 (−0.02, 0.007)

0.42

−0.01 (−0.02, 0.007)

0.42

−0.004 (−0.03, 0.02)

0.76

Fractal dimension arteriole

−0.01 (−0.03, 0.009)

0.43

−0.01 (−0.03, 0.008)

0.35

0.004 (−0.03, 0.03)

0.78

Fractal dimension venule

−0.002 (−0.02, 0.01)

0.78

−0.006 (−0.01, 0.01)

0.93

−0.01 (−0.04, 0.02)

0.39

*Geometric mean ratio arteriolar
tortuosity

0.83 (0.78, 0.89)

<0.001

0.83 (0.78, 0.89)

<0.001

0.83 (0.72, 0.94)

0.005

*Geometric mean ratio venular
tortuosity

0.79 (0.75, 0.83)

<0.001

0.79 (0.75, 0.83)

<0.001

0.81 (0.73, 0.90)

<0.001

Singaporean

Venular branching angle (deg)

Table 5. Adjusted# mean difference of retinal microvascular parameters. Data presented as mean difference
(95% CI of difference) #Multivariable regression model adjusted for age, sex, mean arterial blood pressure, and
body mass index. KD = Kawasaki disease, CRAE = central retinal artery equivalent, CRVE =  central retinal
vein equivalent, AVR = arterio-venous ratio, CA =  coronary artery. +“CA abnormalities” includes patients
with regressed and persistent coronary artery abnormalities. *Log transformed tortuosity values have been
retransformed using the exponential function to give geometric means and 95% confidence intervals.

in patients with coronary artery abnormalities, suggesting a potential role for retinal venular changes as an additional marker of future cardiovascular risk in KD25,26.
There was a lack of consistency in the observed differences in the retinal venules between cases and controls in
the Australian and Singaporean cohorts. Ethnic differences in KD susceptibility are well-recognised2. Inclusion
of both Caucasian and Asian cases and controls afforded the opportunity to examine putative ethnic differences
in microvascular outcomes. Significantly larger retinal venules were detected in Singaporean patients, despite
having over three-fold fewer patients with coronary artery abnormalities compared to the Australian cohort. The
limited published data suggest that vascular changes post KD may be more adverse in those of Asian ethnicity
compared to Caucasians, although direct comparison between studies is difficult. Carotid artery intima-media
thickness (an intermediate phenotype of cardiovascular risk) is increased in Asians following KD despite small
samples sizes, whereas studies of Caucasians with larger samples have generally reported no differences27. The
smaller Australian sample size may not have power to detect small differences in retinal venules, if the changes
in Caucasian KD patients are less marked. Given the heterogeneity of retinal microvascular parameters, it is also
possible that these differences may be due to chance, or that they preceded the KD illness.
Singaporean KD patients had larger retinal arterioles compared to control participants, with an incremental
increase in those with coronary artery abnormalities. Larger retinal arteriole may reflect chronic inflammation,
as larger arteriolar calibre has been reported with higher leucocyte counts and higher erythrocyte sedimentation rate9. Further studies that combine retinal assessment with biomarker analysis are warranted. Of note, we
observed lower blood pressures in Singaporean KD patients compared to control participants, which has been
previously reported following KD, although the cause is uncertain and may be spurious28. To account for this
difference, the mean arterial blood pressure was included as a co-variate in the multi-variable linear regression
model investigating differences in the retinal microvasculature.
The mechanisms underlying differences in geometric parameters (lesser microvascular tortuosity and
increased fractal dimensions) and their clinical significance are less clear. There are fewer data on these parameters with considerable variation in methodologies. Cardiovascular risk and outcomes have been associated with
either ends of measurement (e.g. highest and lowest quartiles of fractal dimension, increased and decreased arterial tortuosity) suggesting the possibility of an optimal range in these geometric parameters17,18.
Adult epidemiological studies, in general, show narrower retinal vascular calibre with age29. There is limited
evidence of an effect of age on retinal venular calibre in our study. It is therefore unlikely that the increase in
Scientific Reports | 7:40513 | DOI: 10.1038/srep40513
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retinal venular calibre in Singaporean KD patients is due to a marginally older control group (mean difference 1.4
years, 95% CI 0.5 to 2.3).
Data on hsCRP was not available for the Singaporean cohort in whom larger differences in retinal venules
between KD patients and control participants were observed. For the Australian KD cohort there were no difference
in hsCRP in the post-acute phase, nor evidence of an association between hsCRP and retinal venular diameter.
High sensitivity CRP is an acute phase reactant in children and levels return to within the normal range after an
acute illness; it may therefore be a sub-optimal marker of chronic inflammation in children30.
The strengths of our study include the use of quantitative detailed measurements of retinal microvascular
parameters by a standardised computer-assisted program in two ethnic cohorts.
Limitations include differences in the clinical characteristics of KD patients and differences in retinal parameters between control groups from the two countries; ethnic differences in retinal parameters have been described
before7. To minimize the impact of this, data from each cohort was statistically analysed and presented separately, adjusting for magnification differences in the retinal cameras. All retinal photographs were analysed by
same graders using a standardised method. We did not collect data on refractive error for all KD patients and
Australian control participants. Refractive error may affect retinal microvascular parameters but its effect on the
observed differences in the retinal microvascular calibre is likely to be insignificant31. Furthermore, there are limitations with self-reporting of ethnicity and we cannot exclude a more diverse ethnic mix than was reported. This
study has inherent limitations due to its retrospective cross-sectional design; causal relationships and long term
changes of these retinal parameters cannot be examined. The long-term implications of the differences in retinal
microvascular parameters are unknown.

Conclusion

Singaporean KD patients have a modest increase in the calibre of their retinal venules. There was limited evidence
of analogous differences in Australian KD patients. In adults, larger retinal venules are associated with inflammation, cardiovascular risk factors and incident cardiovascular events11,12,16,29. Other differences in retinal vascular
parameters were cohort-specific and their clinical significance are unknown. Prospective longitudinal studies in
KD patients are needed to confirm these changes in retinal microvascular parameters over time, especially in light
of the inconsistencies between the two cohorts, and the association with later cardiovascular risk.
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