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Abstract

Purpose There are few data on the effect of

serum lipids on microvascular disease. This

study assessed the relationships between

serum lipid levels and microvascular disease,

as seen in the retina, among participants who

attended a population-based study in

Australia (n¼ 3654, aged 49þ years).

Methods Diameters of retinal arterioles and

venules were measured from digitised

photographs of each participant to obtain an

estimate of generalised arteriolar narrowing.

Focal arteriolar narrowing, arteriovenous

nicking, and retinopathy lesions

(microaneurysms, haemorrhages, hard/soft

exudates) were graded using a standard

protocol. Fasting blood tests were performed

in 89% of subjects. Adjusted means were

calculated using general linear models.

Logistic regression models were used to

determine the odds ratios for retinal

microvascular signs.

Results After controlling for age, sex, body

mass index, smoking, and mean arterial blood

pressure, elevated high-density lipoprotein

cholesterol was associated with narrower

retinal arterioles (Ptrend¼ 0.002) and venules

(Ptrend¼ 0.03) and with increased odds of

generalised arteriolar narrowing (odds ratio

1.6, 95% confidence interval 1.1–2.2 for the

highest vs the lowest quintile of high-density

lipoprotein cholesterol). Serum triglyceride

had a U-shaped relationship with venular

diameter (Ptrend¼ 0.003). We found no

consistent pattern of association between

serum total cholesterol or low-density

lipoprotein cholesterol and any retinal

microvascular signs.

Conclusions These findings suggest that

microvascular disease in the retina may result

from processes distinct from dyslipidaemia.
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Introduction

Elevated serum cholesterol is a major risk factor

for large vessel atherosclerosis,1,2 and lowering

cholesterol has been demonstrated to reduce

clinical atherosclerotic diseases such as

coronary heart disease.3,4 However, the

processes involved in atherosclerosis

(arteriosclerosis affecting arteries) may be

somewhat different to those in arteriolosclerosis

(arteriosclerosis affecting smaller arteriolar

branches)5,6 and therefore the relationship of

dyslipidaemia to arteriolosclerosis is less clear.

There is some evidence that

hypercholesterolaemia may also cause both

functional5,7–10 and structural changes11,12 in the

peripheral microvasculature. However, there

are fewer clinical data available, largely because

the human microcirculation is difficult to

evaluate outside specialised settings.

The retinal microcirculation offers an

opportunity to directly study the effects of

dyslipidaemia on small vessel disease. Several

recent population-based studies have not

demonstrated a consistent association between

retinal microvascular signs and serum lipid

levels. In the Atherosclerosis Risk in

Communities (ARIC) study13 (n¼ 9300, aged

50–71 years), after adjusting for age, sex, race,

mean arterial blood pressure (MABP), and

antihypertensive medication use, generalised

arteriolar narrowing was related to higher

serum triglycerides (P¼ 0.012) and lower high-

density lipoprotein (HDL) cholesterol (P¼ 0.08),

but not related to total cholesterol or low-

density lipoprotein (LDL) cholesterol. Also,

focal arteriolar narrowing was related to lower

serum cholesterol, while arteriovenous (AV)

nicking was related to lower HDL cholesterol

levels. In contrast, the Cardiovascular Health

Study (CHS, n¼ 2405, aged 69–97 years) found

no association between retinal microvascular

signs and any measures of serum lipid, after

multivariate adjustment.14 In the Hoorn study

(n¼ 626, age 50–74 years),15 after adjusting for

age, sex, and glucose metabolism category,

retinopathy was associated with higher total
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cholesterol and triglyceride levels, but not associated

with HDL or LDL cholesterol levels.

To determine the influence of elevated serum lipids on

the retinal microvasculature, we aimed to examine the

relations between serum lipid levels and retinal

microvascular signs in a well-defined community-based

older Australian population, while controlling for blood

pressure (BP) and other confounders.

Methods

The Blue Mountains Eye Study is a population-based

cohort study of vision, common eye diseases, and other

health outcomes in a suburban population aged 49 years

or older. This study was conducted according to the

recommendations of the Declaration of Helsinki, and was

approved by the University of Sydney and the Western

Sydney Area Human Ethics Committees. Written,

informed consent was obtained from all participants.

Baseline examinations were conducted during 1992–

1994, and the 3654 participants represented 82.4% of

eligible potential participants living in two postcode

areas in the Blue Mountains, Australia.

At the baseline examinations, dilated, 30-degree

stereoscopic retinal photographs of the macula, optic

disc, and other retinal fields of both eyes were taken,

using a Zeiss FF3 fundus camera (Carl Zeiss,

Oberkochen, Germany). Methods of image digitisation

and grading protocols have been described in detail.16

Briefly, a trained grader selected a segment of each vessel

completely passing a zone between half and one disc

diameter away from the optic disc margin. Each vessel

was identified as an arteriole or a venule using the

original colour photograph as reference;

‘RetinalAnalysis’ software performed the measurements.

Branches of all arterioles Z85 mm were also

measured, provided that the two branches could be

measured accurately. Vessels measuring less than

25 mm were excluded. Eyes were considered ungradeable

if one vessel Z45 mm could not be measured

accurately.

The Parr–Hubbard formula16 was used to summarise

measurements obtained from each eye as indices of

average arteriolar (central retinal arteriolar equivalent,

CRAE) and venular (central retinal venular equivalent,

CRVE) diameter. CRAE was divided by CRVE to obtain

arteriole-to-venular ratio (AVR). As previously reported,

the reliability of this measurement was high, with

quadratic weighted kappa values between 0.75 and 0.9

for intergrader reliability and between 0.8 and 0.93

for intragrader reliability.17 Only right-eye measurements

were used, as good correlation was found between

right- and left-eye measurements.18 Generalised

retinal arteriolar narrowing was defined as CRAE or AVR

within the lowest quintile in the population.

Focal arteriolar narrowing, AV nicking, and presence

of retinopathy lesions (microaneurysms, haemorrhages,

hard/soft exudates) were graded from 35 mm slides of

both eyes by one grader, using a light box (Kelvin rating

approximately 62001) and a Donaldson stereo-viewer

with � 5 magnification. Only arterioles located at least

one half-disc diameter away from the optic disc margin

were assessed for focal arteriolar narrowing and AV

nicking. Standard photographs were selected by a retinal

specialist (PM) from the standard photographic set

developed for the Modified Airlie House Classification of

Diabetic Retinopathy19 and the Wisconsin Age-related

Maculopathy Grading System.20 Focal arteriolar

narrowing was graded as absent/ questionable (none/

less severe than the standard photograph) or present

(equal to or more severe than the standard). AV nicking

was defined as a decrease in venular width on both sides

of the venule where crossed by an arteriole and was

graded as absent/questionable, mild (less than the

standard), or severe (equal to or greater than the

standard). The intragrader reliability for detecting focal

arteriolar narrowing and AV nicking were (kappa

statistic) 0.80 and 0.87, respectively. Grading of

nondiabetic retinopathy lesions has been reported

previously.21 Lesions in the worse eye were chosen to

classify the person.

BP was measured once using a mercury

sphygmomanometer, after the participants had been

comfortably seated for at least 5 min. MABP was defined

as 0.33� systolic BPþ 0.67�diastolic BP. Hypertension

was defined in persons who were using antihypertensive

medications or were found to have systolic

BPX160 mmHg or diastolic BP X95 mmHg at

examinations. In all, 3224 (89%) participants returned for

fasting blood tests, which included total cholesterol,

triglycerides, and HDL cholesterol. These tests were

performed on a 747 Biochemistry Analyzer (Hitachi,

Tokyo, Japan). LDL cholesterol was calculated by the

Friedewald formula used in the ARIC study: LDL

cholesterol¼ total cholesterol�HDL

cholesterol�(triglycerides/5).13 Body weight and height

were measured and body-mass index (BMI) was

calculated as weight (kg)/height (m)2. Diabetes was

diagnosed by either medical history or fasting blood

glucose X7.0 mmol/l.

Statistical methods

Statistical Analysis System (SAS version 8.0, SAS

Institute, Cary, NC, USA) was used for statistical

analysis. Adjusted means and their standard errors (SE)
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were calculated using general linear models. Logistic

regression models were used to determine the odds

ratios (OR) and 95% confidence intervals (CI) for retinal

microvascular signs, after adjusting for age, sex, BMI,

smoking, and MABP.

Results

Of the 3224 participants who returned for fasting blood

tests, 306 had ungradeable photographs or missing data,

leaving 2918 included in the present analyses. Of those

included, 1329 had hypertension and 234 had diabetes.

Comparisons between persons included and excluded in

the analyses are shown in Table 1. In general, those

excluded were older and had higher mean systolic BP

and slightly lower mean triglyceride levels.

Table 2 shows mean retinal vessel parameters (7SE)

by quintile of serum lipid levels, after controlling for age,

sex, BMI, smoking, and MABP. Increasing quintiles of

HDL cholesterol were associated with narrower retinal

arterioles (Ptrend¼ 0.002) and venules (Ptrend¼ 0.03), while

serum triglyceride had a U-shaped relationship with

mean venular diameter (Ptrend¼ 0.003). Neither total nor

Table 1 Comparison of persons included and excluded in the
current study

Included
(n¼ 2918)

Excluded
(n¼ 306)

P
values*

Men (%) 42.9 43.5 0.9
Mean age (years) 65.4 71.3 o0.0001
Mean systolic BP (mmHg) 146.1 149.6 0.008
Mean diastolic BP (mmHg) 83.4 83.3 0.8
Mean arterial BP (mmHg) 104.1 105.2 0.2
Mean total cholesterol (mmol/l) 6.0 6.0 1
Mean LDL cholesterol (mmol/l) 4.2 4.2 0.8
Mean HDL cholesterol (mmol/l) 1.4 1.5 0.1
Mean triglyceride (mmol/l) 1.8 1.6 0.04
Hypertension (%) 45.5 50.5 0.1
Diabetes (%) 8.0 8.2 0.9
Cigarette smoking, ever (%) 50.6 53.6 0.4

*Comparing means or proportions between included and excluded

HDL¼high-density lipoprotein; LDL¼ low-density lipoprotein.

Table 2 Mean retinal vessel parameters (7SE) by quintile of serum lipid levels, after adjusting for age, sex, BMI, mean arterial BP,
and smoking

Serum lipids Mean arteriolar diameters (mm) Mean venular diameters (mm) Mean arteriole-to-venule ratio

Total cholesterol
Lowest quintile 193.770.8 225.370.8 0.86270.003
Second quintile 192.470.8 224.270.8 0.86070.003
Third quintile 193.370.8 225.170.8 0.86170.003
Fourth quintile 192.570.8 223.970.8 0.86270.003
Highest quintile 193.270.8 226.470.8 0.85670.003
P for trend 0.7 0.2 0.7

HDL cholesterol
Lowest quintile 196.070.9 227.170.9 0.86570.004
Second quintile 193.570.8 225.570.8 0.86070.003
Third quintile 192.670.8 223.670.8 0.86370.003
Fourth quintile 192.670.8 225.270.8 0.85870.003
Highest quintile 190.870.8 223.670.9 0.85670.003
P for trend 0.002 0.03 0.4

LDL cholesterol
Lowest quintile 191.770.8 224.170.8 0.85870.003
Second quintile 193.770.8 225.270.8 0.86270.003
Third quintile 193.870.8 225.070.8 0.86470.003
Fourth quintile 193.370.8 224.270.8 0.86470.003
Highest quintile 192.970.8 226.370.8 0.85570.003
P for trend 0.4 0.3 0.2

Triglycerides
Lowest quintile 193.870.9 226.670.9 0.85870.003
Second quintile 192.670.7 222.870.7 0.86670.003
Third quintile 192.770.9 225.570.9 0.85770.004
Fourth quintile 192.770.8 224.370.8 0.86170.003
Highest quintile 193.670.8 226.570.8 0.85770.003
P for trend 0.8 0.003 0.1

HDL¼high-density lipoprotein; LDL¼ low-density lipoprotein.
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LDL cholesterol was related to any retinal vessel

parameters.

Table 3 shows the associations between serum lipid

levels and generalised retinal arteriolar narrowing.

Compared to persons with the lowest quintile of HDL

cholesterol, those with the highest quintile of HDL

cholesterol were 60% more likely to have generalised

arteriolar narrowing, defined by CRAE (OR 1.6, 95% CI

1.1–2.2). Generalised arteriolar narrowing, whether

defined by CRAE or AVR, was not associated with serum

total cholesterol, LDL cholesterol, or triglyceride levels.

Further stratified analyses showed that the inverse

association between HDL cholesterol and CRAE-defined

generalised narrowing remained significant in men

younger than 65 years, persons with hypertension,

persons without diabetes, persons not receiving

cholesterol lowering medications, and persons giving a

history of cigarette smoking (data not shown). HDL

cholesterol was not significantly associated with AVR-

defined generalised narrowing in the analyses that

included all subjects. Further stratified analyses,

however, showed that compared with the lowest HDL

quintile, the highest HDL quintile was significantly

associated with AVR-defined narrowing in men younger

than 65 years (OR 2.5, 95% CI 1.2–5.4, Ptrend¼ 0.03), in

persons with diabetes (OR 6.3, 95% CI 1.6–24.0,

Ptrend¼ 0.007) and in ever smokers (OR 2.0, 95% CI

1.3–3.0, Ptrend¼ 0.002).

Table 4 shows that after adjusting for age, sex, BMI,

smoking, and MABP, focal arteriolar narrowing, AV

nicking and retinopathy lesions were not related to any

measures of serum lipid. Further stratified analyses

showed that AV nicking was significantly associated with

higher triglyceride levels in women older than 65 years

(Ptrend¼ 0.02), whereas focal arteriolar narrowing was

significantly related to total cholesterol (Ptrend¼ 0.03) and

Table 3 Associations between serum lipid levels and generalised retinal arteriolar narrowing, after adjusting for age, sex, BMI,
smoking, and mean arterial BP

Serum lipids Narrowest quintile of CRAE Narrowest quintile of AVR

% Affected OR (95 % CI) % Affected OR (95 % CI)

Total cholesterol
Lowest quintile 20.4 1.0 20.7 1.0
Second quintile 20.4 1.1 (0.8,1.4) 21.1 1.1 (0.8,1.5)
Third quintile 20.0 1.0 (0.8,1.4) 21.2 1.1 (0.9,1.5)
Fourth quintile 20.6 1.2 (0.9,1.6) 16.8 0.9 (0.7,1.2)
Highest quintile 19.7 1.0 (0.7,1.3) 21.2 1.2 (0.9,1.6)
P for trend 0.9 0.6

HDL cholesterol
Lowest quintile 17.8 1.0 20.5 1.0
Second quintile 19.0 1.2 (0.9,1.6) 22.8 1.3 (0.9,1.7)
Third quintile 21.7 1.4 (1.0,1.9) 19.3 1.1 (0.8,1.5)
Fourth quintile 19.6 1.3 (0.9,1.7) 19.0 1.2 (0.9,1.7)
Highest quintile 22.7 1.6 (1.1,2.2) 19.7 1.4 (1.0, 1.9)
P for trend 0.009 0.1

LDL cholesterol
Lowest quintile 21.6 1.0 21.1 1.0
Second quintile 20.5 1.0 (0.7–1.3) 19.3 0.9 (0.7–1.2)
Third quintile 18.9 0.8 (0.6–1.1) 22.2 1.1 (0.8–1.4)
Fourth quintile 20.9 1.0 (0.7–1.3) 17.6 0.8 (0.6–1.1)
Highest quintile 19.2 0.9 (0.6–1.2) 20.9 1.0 (0.8–1.4)
P for trend 0.4 1.0

Triglycerides
Lowest quintile 19.3 1.0 20.0 1.0
Second quintile 22.2 1.3 (0.9,1.7) 18.2 0.9 (0.7, 1.2)
Third quintile 19.7 1.0 (0.7, 1.5) 21.1 1.0 (0.8, 1.4)
Fourth quintile 19.5 1.1 (0.8, 1.5) 18.9 0.9 (0.7, 1.2)
Highest quintile 19.8 1.1 (0.8, 1.6) 23.9 1.1 (0.8, 1.6)
P for trend 0.8 0.2

CRAE¼ central retinal arteriolar equivalent; AVR¼ arteriole-to-venule ratio; CI¼ confidence interval; HDL¼high-density lipoprotein; LDL¼
low-density lipoprotein.
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LDL cholesterol (Ptrend¼ 0.03) in persons with diabetes.

All other associations did not reach statistical

significance.

After including BP-lipid interaction terms in the

models, triglyceride level was significantly associated

with generalised narrowing but not with focal

narrowing. Conversely, cholesterol or LDL cholesterol

was significantly associated with focal narrowing but not

with generalised narrowing.

Discussion

The aim of this study was to examine the relation

between dyslipidaemia and retinal microvascular

disease. We did not find a statistically significant

association between retinal microvascular signs and

serum triglyceride, LDL cholesterol, or total cholesterol

levels. Using a computer-assisted method to quantify

vessel diameter from digitised retinal images, we found a

cross-sectional association between narrowed retinal

vessel diameters and higher HDL cholesterol levels, after

adjusting for BP and other covariables. We also checked

interactions between BP and blood lipids in the

multivariable models, and observed inconsistent patterns

of interactions in the models for generalised and focal

arteriolar narrowing. Thus, we cannot exclude the

possibility of chance findings in these analyses.

Dyslipidaemia is one of the strongest predictors of

large vessel atherosclerotic disease. Clinical trials have

conclusively shown that lowering serum cholesterol

reduces the risk of coronary heart disease and

mortality.3,4 However, only a few clinical studies have

examined the association between dyslipidaemia and

small vessel arteriolosclerosis.

Recent studies have shown that retinal microvascular

changes are markers of subclinical systemic vascular

disease, and are strongly associated with

hypertension22,23 and predict stroke,24 coronary heart

Table 4 Associations between serum lipids and focal arteriolar narrowing, AV nicking and retinopathy lesions, after adjusting for
age, sex, BMI, smoking and mean arterial BP

Serum lipids Focal arteriolar narrowing AV Nicking Retinopathy lesions

% affected OR (95% CI) % affected OR (95% CI) % affected OR (95% CI)

Total cholesterol
Lowest quintile 8.1 1.0 8.2 1.0 12.2 1.0
Second quintile 7.6 1.0 (0.7–1.6) 8.5 1.0 (0.7–1.5) 12.2 1.0 (0.7–1.4)
Third quintile 8.9 1.3 (0.8–2.0) 8.7 1.1(0.7–1.6) 11.8 1.0 (0.7–1.4)
Fourth quintile 6.5 0.9 (0.5–1.4) 8.5 1.0 (0.7–1.6) 10.3 0.8 (0.5–1.2)
Highest quintile 8.2 0.9 (0.6–1.4) 10.7 1.2 (0.8–1.8) 10.4 0.8 (0.5–1.1)
P for trend 0.5 0.2 0.1

HDL cholesterol
Lowest quintile 7.6 1.0 9.6 1.0 12.9 1.0
Second quintile 7.8 1.0 (0.6–1.6) 9.2 1.0 (0.6–1.4) 10.8 0.8 (0.5–1.1)
Third quintile 8.3 0.9 (0.6–1.5) 9.4 1.0 (0.7–1.5) 12.5 0.9 (0.6–1.4)
Fourth quintile 5.8 0.6 (0.3–0.9) 8.4 0.9 (0.6–1.4) 10.8 0.8 (0.6–1.2)
Highest quintile 10.0 1.2 (0.7–1.9) 8.2 0.9 (0.6–1.4) 10.1 0.7 (0.5–1.1)
P for trend 0.7 0.6 0.2

LDL cholesterol
Lowest quintile 8.3 1.0 8.9 1.0 10.3 1.0
Second quintile 8.1 1.0 (0.6–1.5) 8.0 0.8 (0.6–1.3) 13.1 1.3 (0.9–1.9)
Third quintile 8.0 1.1 (0.7–1.6) 8.7 0.9 (0.6–1.4) 10.4 1.0 (0.7–1.4)
Fourth quintile 7.5 0.9 (0.6–1.4) 8.3 0.8 (0.6–1.3) 13.1 1.2 (0.8–1.8)
Highest quintile 7.4 0.8 (0.5–1.3) 10.7 1.1 (0.8–1.6) 9.8 0.9 (0.6–1.3)
P for trend 0.4 0.5 0.4

Triglycerides
Lowest quintile 7.6 1.0 7.3 1.0 9.6 1.0
Second quintile 7.6 0.9 (0.6–1.4) 8.7 1.1 (0.7–1.7) 11.1 1.1 (0.8–1.6)
Third quintile 9.9 1.2 (0.8–2.0) 8.1 1.0 (0.6–1.5) 12.3 1.2 (0.8–1.8)
Fourth quintile 8.0 1.0 (0.7–1.6) 9.5 1.1 (0.8–1.7) 12.8 1.3 (0.9–1.9)
Highest quintile 6.6 0.9 (0.5–1.5) 10.7 1.3 (0.8–1.9) 11.2 1.2 (0.8–1.8)
P for trend 0.6 0.2 0.5

CI¼ confidence interval; HDL¼high-density lipoprotein; LDL¼ low-density lipoprotein.
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disease,25 and mortality,26 independent of BP and other

traditional risk factors. However, animal and clinical

studies have not demonstrated a consistent pattern of

association between retinal microvascular changes and

dyslipidaemia. Using a computer-assisted technique to

measure vessel diameter from digitised retinal images of

rats, Tomida et al27 demonstrated no significant

differences in retinal vessel diameters between

hypercholesterolaemic rats and controls. In contrast,

using a calibre micrometer to measure vessel diameter

from magnified retinal photographs, another study28

documented significant widening of retinal arteries and

veins (Po0.0001 for both) in rats with inherited

hypercholesterolaemia compared with controls. Clinical

studies examining whether retinal microvascular disease

is related to elevated serum cholesterol have been limited

by small sample sizes of highly selected subjects,29–32

subjective assessment of arteriolar narrowing from

fundus photographs31 and lack of adjustment for blood

pressure,29,31 a strong factor associated with retinal

arteriolar abnormalities,22,23,33 in the analyses. In one

study, Orlin et al31 found no increased prevalence of

retinal arteriolar changes, as assessed from fundus

photography, in 26 patients with severe hyperlipidaemia

compared with 22 age-matched controls. In larger

population-based studies, such as the ARIC study13 and

the CHS,14 total cholesterol levels were not related to

generalised arteriolar narrowing or AV nicking. Our

findings add further support to the lack of relationship

between serum cholesterol and retinal microvascular

changes.

Like total cholesterol, low serum HDL cholesterol is a

well-established cardiovascular risk factor.2,34,35 In the

current study, we found a significant association between

lower HDL cholesterol levels and wider retinal arteriolar

diameters (P¼ 0.002). This finding is somewhat

unexpected, and contrasts with data reported by the

ARIC study.13 However, our data are consistent with

findings from two previous studies that brachial arterial

diameters were wider in persons with lower HDL

cholesterol than in those with higher HDL cholesterol

levels.36,37 Explanation of such findings is not readily

available. Atherosclerosis is traditionally described as a

gradual ingrowth of plaques within the vessel lumen,

leading to narrowed vessel diameter. Recent data suggest

that atherosclerosis can also result in remodelling of the

arterial wall and may lead to either arterial expansion or

shrinkage.38 Thus, direction of change in arterial and

arteriolar diameter could be a manifestation of

atherosclerosis related to low-HDL cholesterol levels.

The role of hypertriglyceridaemia as an independent

risk factor for atherosclerosis remains unclear.39 Several

studies have examined the effects of

hypertriglyceridaemia on vasomotor function of

peripheral vessels, with inconsistent results.39–41

Triglyceride levels were related to generalised arteriolar

narrowing in the ARIC study (P¼ 0.012)13 and

retinopathy in the Hoorn Study,15 but not related to any

retinal microvascular signs neither in the CHS14 nor in

our study. However, we found a U-shaped relationship

between triglyceride levels and retinal venular diameter

in the current study. We also found a significant

association between triglyceride levels and generalised

arteriolar narrowing when the model includes an

interaction term of BP and triglyceride level. This finding

needs further confirmation, as it was not hypothesised a

priori, and we could not compare such finding with the

ARIC study13 and the CHS,14 as no data in this regard

have been reported by these two studies.

One explanation for the contrasting findings between

our current study and the ARIC study is the older age of

participants in the current study (mean age 65.5 and

around 60 years, respectively). There is some evidence

that the association of dyslipidaemia and atherosclerotic

diseases are weaker in older compared to younger

people.42–44 It is possible that the association of

dyslipidaemia and small vessel disease differs by age as

well. In support of this, we showed that generalised

arteriolar narrowing was significantly associated with

higher HDL levels in younger (o65 years) but not in

older (X65 years) men.

A limitation of this study was the use of fasting serum

samples to measure triglyceride levels. Because

triglyceride levels are known to vary after meals,45

fasting triglyceride levels might not reflect the levels at

the time when the retinal photographs were taken.

Another limitation was the use of Freidwald equation to

calculate LDL cholesterol levels. Such calculation was

suggested to be inaccurate when triglyceride levels are

higher than 5 mmol/l,39 resulting in a possible systematic

error among hypertriglyceridaemic subjects.

In conclusion, our population-based data find no

association between retinal microvascular signs and

serum total or LDL cholesterol, strong risk factors for

atherosclerosis. In our previous analysis, we have

demonstrated strong associations of retinal

microvascular signs with hypertension.22 Thus, our

findings here are in keeping with the concept that retinal

microvascular signs are hypertensive processes largely

distinct from large vessel atherosclerosis.
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