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Association between Metabolic Syndrome and Retinal Vascular Changes in
Koreans based on Health Check-ups
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Purpose: To evaluate the associations between components of metabolic syndrome and retinal vascular changes in a Korean
population based on data collected at health check-ups.

Methods: Fundus photographs of 381 patients participating in a health check-up were examined to identify central retinal artery
equivalent (CRAE), central retinal vein equivalent (CRVE), and arteriovenous ratio (AVR) by IVAN software. Retinal hemor-
rhage, arteriovenous nicking, and retinal exudate were also noted. The association between metabolic syndrome and each com-
ponent was then analyzed.

Results: Significant associations were shown between metabolic syndrome and CRAE (p = 0.032), central obesity and CRAE
(p = 0.037), triglyceride and CRAE (p = 0.011), and triglyceride and AVR (p = 0.005), in addition to central obesity and arterio-
venous nicking (odds ratio [OR] =2.68, p = 0.013), central obesity and retinal exudate (OR =2.30, p=0.038), serum glucose and
retinal hemorrhage (OR = 8.06, p = 0.030), and blood pressure and arteriovenous nicking (OR =2.78, p = 0.007).
Conclusions: Metabolic syndrome showed a significant relationship with retinal artery diameter. Central obesity showed the
greatest relationship with retinal vascular changes among each of the components of metabolic syndrome.
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Figure 1. Fundus photograph centered at the optic disc of left
eye, grader analysis measures arteries and veins, the largest
six arteries (red) and veins (blue) are used to calculate the cen-
tral retinal artery equivalent and central retinal vein equivalent
by the “Big 6” method. Yellow line is the vessel indicator of
the IVAN. DD = disc diameter.
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Table 1. Demographics of participants with or without metabolic syndrome, defined with National Cholesterol Education Program

Adult Treatment Panel III (NCEP III) criteria

Metabolic syndrome

Present (N = 52) Absent (N = 269) p—value*
Age (years) 58.5 + 10.8 54.6 + 10.0 0.012
Gender (% male) 37 (71.2) 165 (59.5) 0.122
Height (kg) 165.8 + 9.7 163.8 + 8.7 0.135
Weight (cm) 73.9 + 11.8 64.6 + 10.2 <0.001
Body mass index (kg/m2) 26.8 + 2.7 240 £ 2.6 <0.001
Waist circumference (cm) 89.9 + 7.15 79.7 + 8.5 <0.001
Systolic blood pressure (mm Hg) 129.4 + 6.1 119.5 £ 9.7 <0.001
Diastolic blood pressure (mm Hg) 78.1 £5.6 743 £5.9 <0.001
Triglyceride (mg/dL) 189.2 + 84.0 114.2 + 66.8 <0.001
HDL cholesterol (mg/dL) 409 £ 7.6 51.5 £ 10.7 <0.001
Fasting glucose (mg/dL) 118.3 + 36.0 94.5 + 14.6 <0.001
Values are presented as mean + SD unless otherwise indicated.
HDL = high density lipoprotein.
*Independent t-test.
Table 2. Relationship of retinal vascular calibers with metabolic syndrome factors
CRAE (um) CRVE (um) AVR
Waist circumference
>90 cm (M), >85 cm (F) 144.63 + 18.56 209.00 + 25.30 0.70 + 0.11
<90 cm (M), <85 cm (F) 150.85 + 17.26 211.85 + 20.42 0.72 + 0.09
p-value 0.037 0.602 0.250
Triglyceride
>150 mg/dL 144.80 + 16.10 212.06 + 20.27 0.69 + 0.08
<150 mg/dL 151.07 + 17.98 210.95 + 22.02 0.72 + 0.10
p-value 0.011 0.566 0.005
HDL cholesterol
<40 mg/dL (M), <50 mg/dL (F) 149.45 + 18.08 210.75 £ 21.52 0.71 + 0.09
>40 mg/dL (M), >50 mg/dL (F) 149.50 + 17.60 211.41 + 21.63 0.71 + 0.09
p-value 0.994 0.864 0.958
Glucose
>110 mg/dL 146.49 + 16.51 213.07 £+ 24.06 0.69 + 0.08
<110 mg/dL 149.93 + 17.86 210.96 + 21.21 0.72 + 0.10
p-value 0.543 0.279 0.169
Blood pressure
>130/85 mm Hg 147.77 + 16.90 209.21 + 25.03 0.71 + 0.10
<130/85 mm Hg 150.65 + 18.18 212.58 + 18.83 0.71 + 0.09
p-value 0.360 0.316 0.755
Metabolic syndrome
Yes 144.08 + 15.83 209.99 + 22.30 0.69 + 0.08
No 150.54 + 17.89 211.47 £ 21.46 0.72 + 0.10
p-value 0.032 0.750 0.084

Values are presented as mean + SD unless otherwise indicated. All components are adjusted for age and gender.
CRAE = central retinal artery equivalent; CRVE = central retinal vein equivalent; AVR = arteriovenous ratio; M = male; F = female; HDL

= high density lipoprotein.
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Table 3. Odds ratio (95% confidence interval) for components of metabolic syndrome

Retinal hemorrhage

Arteriovenous nicking Retinal exudate

Waist circumference

0.59 (0.06-5.58)

2.68 (1.23-5.83) 2.30 (1.06-4.03)

>90 cm (M), >85 cm (F) p =0.642 p =0.013 p = 0.038
Triglyceride 1.89 (0.31-11.65) 0.98 (0.44-2.20) 0.68 (0.26-1.78)
>150 mg/dL p = 0.493 p = 0.957 p = 0.431
HDL-cholesterol 0.60 (0.07-5.54) 0.95 (0.44-2.08) 0.57 (0.22-1.49)
<40 mg/dL (M), <50 mg/dL (F) p = 0.654 p = 0.898 p = 0.250
Glucose 8.06 (1.22-53.05) 0.78 (0.25-2.41) 1.03 (0.35-2.98)
>110 mg/dL p = 0.030 p = 0.665 p = 0.962
Blood pressure 0.72 (0.12-4.56) 2.78 (1.33-5.84) 1.34 (0.60-2.98)
>130/85 mm Hg p =0.729 p = 0.007 p = 0.479
Metabolic syndrome 1.02 (0.11-9.52) 1.53 (0.64-3.66) 0.82 (0.29-2.34)

p = 0.988 p = 0.337 p =0.713

All components are adjusted for age and gender.
M = male; F = female; HDL = high density lipoprotein.

Z at

AAE t AL AA| 3217 9] Ft AR 55.3A4|(2]4 20
Al, 2| 804D, FA7E 197, o217k 1247 ot} thAL
<+ 7} QIARS] NCEP 111 7]&& W&ok tidAe &
|RF 70, S 817, = FeAEHE 89
It 41\34 ol 1291
2] o]tTable 1).

A dgAre] it @3 2172 CRAE 149.49 + 17.70 pum,
CRVE 211.23 + 21.57 um, AVR 0.71 = 0.090]c}. tjAl=
33} CRAES] 74 (p=0.032), EXu]uta} CRAES] 74
(p=0.037), /A2 CRAES] 7H2x(p=0.011), S/ A4}
AVRO] ZFAa(p=0.005)= -5t A7} Qoo nde
| &EE, 589, @92 CRAE, CRVE, AVRY} 9]
U= BAS HolA| ATHTable 2).

=g _{o‘,

O» %7_
02 37H oL WETHE 49

fr o Hz o)
[ HIBL

A PAREL] oFA ARRIA] Wt 2 5, TAW
R 367, WU A== 29”101 J*ZLQ E% EH l%—?ﬂlr

AE HolA| ekgheh B Hlﬁ’lﬂr = ULEL(JLXM 2.68,
p=0.013), EFu|Rk} gup AhEE(Rb] 2.30, p=0.038),
TEETH TS (A 8.06, p=0.030), UV}
7 ot #AE B

% THTable 3).
o
The National Cholesterol Education Program’s ATP III
BRI PAEFEE o2 7H At S ads 2
—«%MA o uster, ol YR Mg 4

Wop Gl X G QJO}BUI HoH A A
3 e e o "

Qg L2l bﬂﬁm Fukeol
B ek E3 AR §He)
AR AP F7ket e o

i
H
o
_'E_L
5
g o
E‘
o
2
EE
X
4
50
o
kl
s
Ly
i
52
g

B Ao A FEAGL PatEde] 4HL BAHS B
ouf thE QAHETHE ojn] gl WAL Holx| gt
th Klein et al”2 uedtziol A whatsaio] o 7Hzolzl

F

o
=
H
fd
ofi
L
1_.

=
g
75
Q
=N

iy}

E?l Aoz A7 e

1105



- Cistetatets|x] 2016 X 57 M M7 -

o] w2 ollA T8 hart vehd 7HsAdol =
A= o] Q= BAIE HolA| &ttt Liew
et al'’o] ZARF BE S0 A=

ool 2% B
272 FhgolAtka Bustgck 18] HuEA| vl
A QS o4 ATSNM FUTEAL Wilkn Bs
GAT AT ATAS VehA] kreh wEo] o
Byt 7 Wk vAi Wl Alejetd 7L oby g
s wrsiA olA ek shAR mEekl A o] Al
Ak thEue] shazthot AuEctT geld qok” £
AP F A Bfo] L o)A Fashe AF
2 RGO} ofu] gl AolE Bolxi arelrh(p=0.159).
ol AFTAAIEe] 7]e] TEo] H7I7ro] Uul Ay
7} oflet Bek ARsol X WG] oz AZbEch

PAE TR 7 24 BEFHE Aol Wt §
u) o] hashs 2E BT 4 ey ol U, F

=, ulol 4 Al APekE QX Fiolch Wi 5

W 27 Qo] Y O] Funagata study®} v]=r2] ARIC study
oA SRRl 1S A Wt A Kol Sk
T =AW Fhg o} wpubel o] HhAE sleAo] Zrfslcha
steoLt B Qe Fel ATelA gt e 47e)
27l 9ot} gelgt Holg HolAE sl thE AT
S3te] 2ol Woli ol WHekA] gtk Tl o2 @
Fol A= AEES o] S $13) International Diabetes
Federation (IDF) = NECP III criterias 7z} =+7}9] A4
of 7 gelo] Agelolizt] ol 2 ATolN Fgat
7123} o7} Qlek YE 2] Funagata study= 352
71&0] 100 mg/dL ©o]A}, EH H]U]—Q,] 71Z&0] YAlL 85 cm
o4}, 9442 90 em oS 7|F -‘?913‘11 WEH
T= 3EEEY 7IEe] 100 mg/dL o %

3 90 cm ©]4}, o4 80 cm oAk
study= H|RES] 7]E0] HAd 102 em Ol%, %1/ 88 cm
ol AT 7IEoR 4ot & AFete AolE
Holck o]t thas2e] A 719 Aol wizel 2+
Aol A thARS S AR o] whef wlA] Ek Hsto]
o] 1L Pl AfolE Hole Zow *Eﬁﬂﬁ}mm

el Aok bk AR 4 Qs
A e ol R iskel b B g Mol

o] &

et O{N

© Brugolct. o= kAt A Al 7120 P, 13
ol AE Al ALleily] vEoR AyztEr) g
Ao A5 A A AS wdd Aoln dixit A7)
710 FG Wokg TsAo] won], Brulgke 4 A
R 7% & 7HsA0] ot A|7be] gt ulA| &
ol WstE Wi 5 91 o' AZtE

B Aol @ 7hA] el Sick AMEskA g A

1106

ol A FAHEAARAGS Aseio] WA EE 5| o
AP A dlel ozt A 2 1ol EA= o

=4 o

=9 '/F t 3101(ARIC Study 11 265E’=1 Funagata study
A Qo] EAE whedskA] Rttt dEja &

Aol A el F o ARESE IVAN Z2 738 AJ4]

A 9T AL 1850 umE 0143 & Fo] AL e}

o], AJAlA {5 A 7o) 1,850 ymE Tt S A9 A4 &

s

opof o]l
% gk
AEFLS W Y A Fgaet fofat BAL
oIt AANF TR 7 QG Fol A HRuge gt 5
W oAge] g4 2 EW e, Yok AEBe fek
o] glo] Wt wlA) @k wstel Jb g ATk e Mel
ok weba] Stk W) glo] A% Rolets i)
ol 9% 39 Y ol Reol b} L9 4 5
ol Slof Ttk QLo B QTS HlAloR thardt ol
A BAsHe it Q7S Foto] ool 24
RSl Yo W Wt AL el disiel Yol
2ast g2 Aom Yz,
REFERENCES

1) Timar O, Sestier F, Levy E. Metabolic syndrome X: a review. Can
J Cardiol 2000;16:779-89.

2) National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel IIT). Third report of the national
cholesterol education program (NCEP) expert panel on detection,
evaluation, and treatment of high blood cholesterol in adults (adult
treatment panel I1I) final report. Circulation 2002;106:3143-421.

3) Grundy SM, Brewer HB Jr, Cleeman JI, et al. Definition of meta-
bolic syndrome: report of the National Heart, Lung, and Blood
Institute/American Heart Association conference on scientific is-
sues related to definition. Circulation 2004;109:433-8.

4) Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syn-
drome among US adults: findings from the third National Health
and Nutrition Examination Survey. JAMA 2002;287:356-9.

5) Park JS, Park HD, Yun JW, et al. Prevalence of the metabolic syn-
drome as defined by NCEP - ATPIIl among the urban Korean
population. Korean J Med 2002;63:290-8.



- HFT - N AEERY

6) Klein BE, Klein R, Lee KE. Components of the metabolic syn-
drome and risk of cardiovascular disease and diabetes in Beaver
Dam. Diabetes Care 2002;25:1790-4.

7) Golden SH, Folsom AR, Coresh J, et al. Risk factor groupings re-
lated to insulin resistance and their synergistic effects on sub-
clinical atherosclerosis: the atherosclerosis risk in communities
study. Diabetes 2002;51:3069-76.

8) de Jongh RT, Serné¢ EH, IJzerman RG, et al. Impaired micro-
vascular function in obesity: implications for obesity-associated
microangiopathy, hypertension, and insulin resistance. Circulation
2004;109:2529-35.

9) Wong TY, Kamineni A, Klein R, et al. Quantitative retinal venular
caliber and risk of cardiovascular disease in older persons: the car-
diovascular health study. Arch Intern Med 2006;166:2388-94.

10) Ikram MK, de Jong FJ, Vingerling JR, et al. Are retinal arteriolar or
venular diameters associated with markers for cardiovascular dis-
orders? The Rotterdam Study. Invest Ophthalmol Vis Sci 2004;
45:2129-34.

11) Wong TY, Islam FM, Klein R, et al. Retinal vascular caliber, car-
diovascular risk factors, and inflammation: the multi-ethnic study
of atherosclerosis (MESA). Invest Ophthalmol Vis Sci 2006;47:
2341-50.

12) McGeechan K, Liew G, Macaskill P, et al. Meta-analysis: retinal
vessel caliber and risk for coronary heart disease. Ann Intern Med
2009;151:404-13.

13) Ikram MK, de Jong FJ, Bos MJ, et al. Retinal vessel diameters and
risk of stroke: the Rotterdam Study. Neurology 2006;66:1339-43.

14) McGeechan K, Liew G, Macaskill P, et al. Prediction of incident
stroke events based on retinal vessel caliber: a systematic review
and individual-participant meta-analysis. Am J Epidemiol 2009;
170:1323-32.

15) Jeganathan VS, Sabanayagam C, Tai ES, et al. Retinal vascular cal-
iber and diabetes in a multiethnic Asian population. Microcirculation
2009;16:534-43.

16) Islam FM, Nguyen TT, Wang JJ, et al. Quantitative retinal vascular
calibre changes in diabetes and retinopathy: the Singapore Malay
eye study. Eye (Lond) 2009;23:1719-24.

17) TIkram MK, Janssen JA, Roos AM, et al. Retinal vessel diameters
and risk of impaired fasting glucose or diabetes: the Rotterdam
study. Diabetes 2006;55:506-10.

18) Wong TY, Duncan BB, Golden SH, et al. Associations between the
metabolic syndrome and retinal microvascular signs: the
Atherosclerosis Risk In Communities study. Invest Ophthalmol
Vis Sci 2004;45:2949-54.

19) Liew G, Sharrett AR, Wang JJ, et al. Relative importance of sys-
temic determinants of retinal arteriolar and venular caliber: the
atherosclerosis risk in communities study. Arch Ophthalmol 2008;

Yo F2 wafele] 2 -

o= o

126:1404-10.

20) Klein R, Klein BE, Knudtson MD, et al. Are inflammatory factors
related to retinal vessel caliber? The Beaver Dam Eye Study. Arch
Ophthalmol 2006;124:87-94.

21) Nguyen TT, Wang JJ, Sharrett AR, et al. Relationship of retinal
vascular caliber with diabetes and retinopathy: the Multi-Ethnic
Study of Atherosclerosis (MESA). Diabetes Care 2008;31:544-9.

22) Kawasaki R, Tielsch JM, Wang JJ, et al. The metabolic syndrome
and retinal microvascular signs in a Japanese population: the
Funagata study. Br J Ophthalmol 2008;92:161-6.

23) Yuan Y, Ikram MK, Vingerling JR, et al. Retinal vascular caliber
and metabolic syndrome in a Chinese population. Intern Med J
2012;42:1014-22.

24) Leung H, Wang JJ, Rochtchina E, et al. Computer-assisted retinal
vessel measurement in an older population: correlation between
right and left eyes. Clin Experiment Ophthalmol 2003;31:326-30.

25) Hubbard LD, Brothers RJ, King WN, et al. Methods for evaluation
of retinal microvascular abnormalities associated with hyper-
tension/sclerosis in the Atherosclerosis Risk in Communities
Study. Ophthalmology 1999;106:2269-80.

26) Knudtson MD, Lee KE, Hubbard LD, et al. Revised formulas for
summarizing retinal vessel diameters. Curr Eye Res 2003;27:143-9.

27) Frisbee JC. Remodeling of the skeletal muscle microcirculation in-
creases resistance to perfusion in obese Zucker rats. Am J Physiol
Heart Circ Physiol 2003;285:H104-11.

28) Oren S, Grossman E, Frohlich ED. Arterial and venous compliance
in obese and nonobese subjects. Am J Cardiol 1996;77:665-7.

29) Klein R, Klein BE, Moss SE, et al. Retinal vascular caliber in per-
sons with type 2 diabetes: the Wisconsin Epidemiological Study of
Diabetic Retinopathy: XX. Ophthalmology 2006;113:1488-98.

30) Tikellis G, Wang JJ, Tapp R, et al. The relationship of retinal vas-
cular calibre to diabetes and retinopathy: the Australian Diabetes,
Obesity and Lifestyle (AusDiab) study. Diabetologia 2007;50:
2263-71.

31) Curtis TM, Gardiner TA, Stitt AW. Microvascular lesions of dia-
betic retinopathy: clues towards understanding pathogenesis? Eye
(Lond) 2009;23:1496-508.

32) Kawasaki R, Cheung N, Wang JJ, et al. Retinal vessel diameters
and risk of hypertension: the Multiethnic Study of Atherosclerosis.
J Hypertens 2009;27:2386-93.

33) Cheung N, Sharrett AR, Klein R, et al. Aortic distensibility and ret-
inal arteriolar narrowing: the multi-ethnic study of atherosclerosis.
Hypertension 2007;50:617-22.

34) Hemminki V, Kéhénen M, Tuomisto MT, et al. Determination of
retinal blood vessel diameters and arteriovenous ratios in systemic
hypertension: comparison of different calculation formulae. Graefes
Arch Clin Exp Ophthalmol 2007;245:8-17.

1107



3X| 2016 M 57 H M7 E-

thatorays

Mr
i
ok

o

HAS

ol A 7igls

ZtAHAX
o8

ok

K0

0

0.032, 0,037, 0.011)2}

(o=

b

0.013),

tdl 2.68, p

(LXfH| 8.06, p=0.030), &

YT YUE

2.30, p=0.038),

|X| 2016:57(7):1102—1108)

1iof

1108



