
INTRODUCTION

Age-related maculopathy (ARM) is a degenerative
disorder of the central area of the retina (the macu-
la) often associated with visual impairment. The ear-

ly stages of this pathology are characterized by the
development of drusen and pigmentary abnormalities
of retinal pigment epithelium (RPE) (hyper- and hy-
popigmentation). Later stages of ARM comprise two
types: geographic atrophy and exudative age-relat-
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ed macular degeneration (ARMD). Degenerative con-
ditions of the macula, which have been estimated to
affect about 0.5% of Americans over the age of 40
years, steeply increase in prevalence with age (1). ARM
is the most important cause of visual loss in devel-
oped countries (2, 3). In this part of the world ARM
seems to exceed the other three major causes of blind-
ness: cataract, diabetic retinopathy, and glaucoma.
Therefore, there is considerable interest in prevent-
ing development of ARM, especially as there is no
treatment that can restore vision in ARMD. 

Although the natural history of ARM has been de-
scribed, its pathogenesis remains poorly understood.
Interest in the role of vascular factors has led to in-
vestigations of traditional cardiovascular disease
(CVD) risk factors in the development of ARM (1, 4-
7).  We have already reported the relationship of oc-
ular and social factors with ARM in a middle-aged
Kaunas city population cohort (8). 

The frequency of ARM in eyes with light iris color
was higher than in eyes with dark iris color but the
association was not significant. No significant asso-
ciations were found between cataract (all types or nu-
clear cataract) and ARM. Exposure to noxious work
was found to increase risk of ARM: the prevalence of
ARM was significantly increased among men whose
work conditions were associated with high tempera-
ture (8). 

In this article we present the prevalence of ARM in

the middle-aged urban population and the relation-
ship between early ARM and the main risk factors of
CVD: smoking, arterial hypertension, obesity, hyper-
glycemia, and hyperlipidemias. 

MATERIALS AND METHODS

Subjects of the study

The survey according to the WHO MONICA study
(MONItoring of trends and determinants in CArdio-
vascular disease) protocol (9) was carried out in Kau-
nas (Lithuania) from 2001 to 2002. 

A random sample of subjects aged 35 to 64 was
selected. The sample was stratified by age and sex
so that at least 200 men and women would be screened
in every 10-year age group (35–44, 45–54, 55–64).
Health survey was performed by the scientific staff
of the Institute of Cardiology of Kaunas University
of Medicine. A total of 1403 persons were screened
(626 men and 777 women: response rate 62.4%). 

Ophthalmologic investigation was performed for 95.3%
of respondents in the random sample of health sur-
vey. The responders were investigated for ARM, cataract,
and glaucoma. Ophthalmologic investigation was
performed by scientific staff the Institute for Biomedical
Research of Kaunas University of Medicine (head, Prof.
A. Paunksnis). The total number of responders of the

TABLE I - NUMBER OF ALL RESPONDERS OF HEALTH SURVEY AND NUMBER OF RESPONDERS INVESTIGATED
OPTHALMOLOGICALLY DISTRIBUTED INTO 10-YEAR AGE GROUPS 

All responders of the health survey cohort                     Number of persons from the health survey
cohort examined ophthalmologically  

Age groups, Both sexes, Men, Women, Both sexes, Men, Women,
yr N N N N (%)* N (%)* N (%)*

35–44 425 201 224 411 195 216
(96.7%) (97.0%) (96.4%)

45–54 482 204 278 460 194 266
(95.4%) (95.1%) (95.7%)

55–64 496 221 275 466 205 261
(92.8%) (94.0%) (94.9%)

Total 1403 626 777 1337 594 743
number (95.3%) (94.9%) (95.6%)

*Percent of responders of the study examined ophthalmologically
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health survey and the number of responders from the
study for ophthalmologic investigation distributed in-
to 10-year age groups are shown in Table I. 

Ophthalmologic investigations

Responders of the health survey underwent a com-
prehensive ophthalmic examination that included
distant visual acuity test using the chart of C opto-
types arranged after the Snellen principle, Schiotz tonom-
etry (Riester, Germany), lens grading at the slit lamp
using LOCS III (10), stereoscopic fundus examination
using an indirect ophthalmoscope, and a slit lamp bio-
microscope with a “superfield lens” (Volk, Mentor, OH)
after pupil dilatation with 0.5% tropicamide. Scotoma
and metamorphopsia were demonstrated with the Am-
sler’s chart. 

Color fundus photographs (Fuji 200 film) centered
to the fovea were taken with a semi-wide angle fun-
dus camera (OPTON SBG, 30 degrees). The presence
of ARM was based on the fundus examinations by in-
direct ophthalmoscopy, slit lamp, and color fundus
photographs. We used the International ARM Epi-
demiological Study Group grading protocol (11). This
protocol divides ARM into early and late stages. Ear-
ly ARM is defined as the presence of drusen or RPE
pigmentary abnormalities within the grid in the ab-
sence of late ARM in either eye. The protocol distin-
guishes two types of late ARM: exudative ARM and

geographic atrophy (sharply delineated roughly
round or oval areas of apparent absence of the RPE
in which choroidal vessels are more visible than in
surrounding areas).

Cut-off points of risk factors of CVD

Information on smoking habits was obtained with
the use of a standard questionnaire. Cigarette smok-
ing status at the time of the examination was deter-
mined as follows. A subject was classified as current
smoker if he or she smoked at least one cigarette per
day and as being an ex-smoker (former smoker) if he
or she had smoked at least one cigarette per day in
his or her lifetime but had stopped smoking before
the examination (12). 

Arterial blood pressure was measured two times at
each examination, and the average values were used
for the analysis. Systolic hypertension was defined
as systolic blood pressure ≥140 mmHg; diastolic hy-
pertension was defined as diastolic blood pressure
≥90 mmHg. Body weight and height were measured
in light clothing without shoes, and body mass index
(BMI) was calculated as body weight (kg) divided by
height squared (m2). 

Obesity was defined as BMI ≥30 kg/m2. Concen-
tration of glucose in capillary blood was determined
by individual glucometer (13). Hyperglycemia was de-
fined as a fasting glucose level ≥6.1 mmol/L. Serum
total cholesterol and triglycerides concentrations
were determined enzymatically: cholesterol by
CHOD-PAP Monotest, Boehringer-Mannheim (14)
and triglycerides by GPO-PAP method (15). High cho-
lesterol level was defined as a total cholesterol level
≥6.2 mmol/L, hypertriglyceridemia as a serum triglyc-
erides level ≥2.3 mmol/L.

Statistical methods

We defined a subject as having ARM if the subject
had ARM in at least one eye. The association of the
variables with ARM was assessed using Student t-
test (unpaired) for the continuous variables and Pear-
son χ2 test for the categorical variables. In this work
data analysis was performed in case-control subdi-
vision. 

Case persons with ARM and control subjects were
matched for age, sex, and education level. Logistic

TABLE II - AGE- AND SEX-SPECIFIC PREVALENCE OF
EARLY AGE-RELATED MACULOPATHY
(ARM) AMONG KAUNAS CITY INHABITANTS
AGED 40–64 YEARS 

Age groups, Men Women
yr n/N % n/N %

40-44 2/108 1.9 2/114 1.8

45-49 7/97 7.2 4/150 2.7

50-54 12/97 12.4 6/116 5.2

55-59 12/116 10.3 16/171 9.4

60-64 11/89 12.4 12/90 13.3

Total 44/507 8.7 40/641 6.2

N = number of persons investigated for ARM; n = number of cases
with ARM
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regression analysis was performed to determine risk
factors for ARM using odds ratio estimates with 95%
confidence intervals (CI); p values of <0.05 were con-
sidered to be significant.

RESULTS 

Prevalence of ARM

According to data of 1337 ophthalmologically investigated
persons (594 men and 743 women) aged 35 to 64 years
ARM was diagnosed in 84 persons: 44 men (7.4%) and
40 women (5.4%). The youngest persons with ARM were
a woman aged 42 years and a man aged 44 years. All
84 subjects had an early stage of ARM. 

Among persons with ARM soft drusen were observed
in 94.0%, hypopigmentation in 9.5%, and hyperpig-
mentation in 14.3% of cases. ARM was diagnosed in
one eye in 27 men (4.5%) and 20 women (2.7%) and
in both eyes in 17 men (2.9%) and 20 women (2.7%).

Because in the investigated cohort the youngest per-
son with ARM was 42 years old, further analysis of
data was performed for 1148 persons aged 40 to 64
years (507 men and 641 women). After distribution of
those persons into five 5-year age groups the per-
cent rate of early ARM remarkably increased with age
among both sexes and did not differ significantly among
men and women (Tab. II). 

Risk factors of CVD and ARM in case-con-
trol subdivision

Table III shows a significant difference in the preva-
lence of CVD risk factors among 507 men and 641
women aged 40 to 64 years who were ophthalmo-
logically investigated. Among men, percent rate of
current smokers was 4.4 times higher than among
women; percent rate of increased systolic and di-
astolic blood pressure and hypertriglyceridemia was
remarkably higher in men than in women; the per-
cent rate of obesity and hypercholesterolemia was

TABLE III - PREVALENCE OF RISK FACTORS OF CARDIOVASCULAR DISEASE (CVD) AMONG OPTHALMOLOGI-
CALLY INVESTIGATED MEN AND WOMEN AGED 40–64 YEARS FROM HEALTH SURVEY COHORT 

Risk factors of CVD Men, Women,
N = 507 N = 641 p
n/N % n/N %

Smoking habits
Current 196/505 38.8 57/641 8.9 <0.001
Occasionally 14/505 2.8 21/641 3.3 >0.05
Former 127/505 25.1 53/641 8.3 <0.001
Never 168/505 33.3 510/641 79.6 <0.001

Hypertension
Systolic (SBP ≥140 mmHg) 215/507 42.4 234/640 36.6 <0.05
Diastolic (DBP ≥90 mmHg) 223/507 44.0 184/640 28.8 <0.001

Obesity 
BMI ≥30 kg/m2 134/506 26.5 277/641 43.2 <0.001

Hyperglycemia
Glucose (fasting) ≥6.1 89/506 17.6 91/640 14.2 >0.05

mmol/L 

Hyperlipidemias 
Total cholesterol ≥6.2 mmol/L 219/504 43.5 326/641 50.9 <0.01
Triglycerides ≥2.3 mmol/L 86/503 17.1 75/640 11.7 <0.01

N = Number of persons investigated for particular parameter; n = Number of cases with risk factors of CVD; p = Significance of difference of rate
of risk factors between men and women; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; BMI = Body mass index
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remarkably lower in men than in women. 
Analysis of the relationship between ARM and the

main risk factors of CVD (smoking, arterial hyperten-
sion, obesity, hyperglycemia, and hyperlipidemias) was
performed in case-control subdivision of the investi-
gated cohort aged 40 to 64 years. A total of 84 cas-
es with ARM and 84 controls (without ARM) were matched
for sex, age, and education level. Data in case–con-
trol groups were compared separately in men and women
because most of the risk factors analyzed were sig-
nificantly different between men and women (Tab. III).

Smoking habits in case and control groups of men
and women are demonstrated in Table IV. Percent rate
of male current smokers did not differ significantly in
ARM and control groups; there was a tendency that
in male ARM group percent rate of never-smokers was
lower and percent rate of former-smokers was high-
er than in controls. Significant difference in the preva-
lence of current smoking status was found between
ARM and control women: in ARM group 17.5% of women
were current smokers, and there was not a single cur-

rent smoker in control group (χ2=5.49; p=0.019).
Data comparing mean level of arterial blood pres-

sure, BMI, glucose, and lipids in ARM and control groups
of men and women are shown in Table V. In male ARM
group mean levels of systolic and diastolic blood pres-
sure and BMI were significantly higher than in con-
trol group. In female ARM group we found significantly
higher level of glycemia than in control group.

Analysis of logistic regression of data in case-con-
trol subdivision demonstrated that increased diastolic
blood pressure and obesity were associated with ARM
in men (Tab. VI). Current smoking was associated with
ARM in women (Tab. IV).

DISCUSSION

In the health survey carried out according to the
WHO MONICA study protocol (9) the prevalence da-
ta on ARM from a random sample of Kaunas popula-
tion that includes 1337 urban residential adults aged
35 to 64 years are presented. In this study popula-

TABLE IV - SMOKING HABITS IN AGE-RELATED MACULOPATHY (ARM) CASE AND CONTROL GROUPS FROM
HEALTH SURVEY COHORT AGED 40–64 YEARS

Smoking habits Men Women
ARM, n=44, Controls, n=44, ARM, n=40, Controls, n=40,
N (%) N (%) N (%) N (%)

Current 16 (36.4) 16 (36.4) 7 (17.5)* 0 (0.0)
Occasionally 1 (2.3) 1 (2.3) 0 0
Former 13 (29.5) 9 (20.4) 1 (2.5) 2 (5.0)
Never 14 (31.8) 18 (40.9) 32 (80.0)* 38 (95.0)

*p<0.05 for the difference with control group. N = Number of persons in case and control groups; n = Number of cases with different smoking habits

TABLE V - COMPARISON OF THE MEAN LEVEL OF ARTERIAL BLOOD PRESSURE, BODY MASS INDEX, GLYCEMIA,
AND SERUM LIPIDS CONCENTRATION IN AGE-RELATED MACULOPATHY (ARM) CASE AND CONTROL
GROUPS FROM HEALTH SURVEY COHORT AGED 40–64 YEARS 

Parameters Men Women
ARM, N=44 Controls, N=44 p ARM, N=40 Controls, N=40 p

Systolic blood pressure, mmHg 150.2±26.4 136.1±20.8 0.007 145.5±27.4 144.3±21.4 0.828
Diastolic blood pressure, mmHg 94.3±13.8 86.5±13.1 0.008 88.0±14.0 84.5±11.3 0.222
Body mass index, kg/m2 29.8±6.13 26.9±3.12 0.006 30.0±5.37 31.4±6.45 0.295
Glycemia, mmol/L 5.90±1.39 5.63±0.91 0.284 6.77±3.70 5.39±0.61 0.023
Total cholesterol,* mmol/L 6.26±1.14 6.25±1.05 0.966 6.45±1.31 6.84±1.38 0.199
Triglycerides,* mmol/L 1.67±0.92 1.41±0.72 0.202 1.66±0.97 1.56±0.76 0.609

Data are mean ±SD
*Cholesterol and triglycerides were not measured for one male with ARM, therefore serum concentration of lipids was compared for 43 persons of
case and 43 persons of control group matched by age and education level
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tion 6.3% of participants (7.4% of men and 5.4% of
women) had signs of early ARM, most likely soft drusen,
in one or both eyes. No late ARM was found. Similar
frequency of early ARM was found in the VIP study of
VanNewkirk and coworkers in persons aged 40 years
and older (16) and the Hisayama study in persons aged
50 years or older (17). Prevalence of early ARM among
middle-aged Kaunas city inhabitants was lower than
in the Beaver Dam Eye Study cohort (13.1 %) (18),
but higher than in the Blue Mountains Eye Study co-
hort (1.6%) (19).

In our study as well as in the Copenhagen (20), Rot-
terdam (21), Framingham (22), and Oulu (23) studies,

no sex differences were found in the frequency of ARM.
However, early ARM was more prevalent in women
than in men in the Blue Mountains Eye Study (19),
NHANES III (1), and the VIP study (16). By contrast,
ARM was more prevalent in men than in women in the
Hisayama study (17). The reasons for the sex differ-
ences in ARM in the pooled population-based data
are not known. 

CVD risk factors may increase the risk of ARM oc-
currence (24). In our middle-aged population the preva-
lence of main risk factors of CVD among men and
women are different (25). In our study, current cig-
arette smoking was significantly associated with ARM

TABLE VI - ODDS RATIO (OR) WITH 95 PERCENT CONFIDENCE INTERVALS (CI) OF EARLY AGE-RELATED MACULOPATHY AC-
CORDING TO RISK FACTORS OF CARDIOVASCULAR DISEASE USING THE CASE-CONTROL STUDY DESIGN

Factors Men Women   
ARM, N=44 Controls, N=44 OR (95%CI) ARM, N=40 Controls, N=40 OR (95%CI)

Systolic hypertension
No 17 25 1 19 18 1
Yes 27 19 2.09 (0.82-5.36) 21 22 0.90 (0.34-2.39)

p=0.135 p=1.000  

Diastolic hypertension
No 14 25 1 24 28 1
Yes 30 19 2.82 (1.08-7.43) 16 12 1.56 (0.56-4.36)

p=0.032 p=0.482 

Obesity
No 26 39 1 19 17 1
Yes 18 5 5.40 (1.61-19.2) 21 23 0.82 (0.31-2.17

p=0.004 p=0.822  

Hyperglycemia
No 30 37 1 28 35 1
Yes 14 7 2.47 (0.80-7.83) 12 5 3.00 (0.84-11.2)

p=0.133 p=0.101  

Hypercholesterolemia*
No 22 24 1 21 16 1
Yes 21 19 1.21 (0.47-3.08) 19 24 0.60 (0.23-1.60)

p=0.829 1 p=0.815 

Hypertriglyceridemia* 
No 33 38 1 32 35 1
Yes 10 5 2.30 (0.63-8.73) 8 5 1.75 (0.45-6.98)

p=0.256 p=0.544 

*Hypercholesterolemia and hypertriglyceridemia were compared for 43 persons of case and 43 persons of control group. 
Systolic hypertension: systolic blood pressure ≥140 mmHg; Diastolic hypertension: diastolic blood pressure ≥90 mmHg; Obesity: Body mass index
≥30 kg/m2; hyperglycemia: Fasting glucose concentration ≥6.1 mmol/L; Hypercholesterolemia: Serum cholesterol ≥6.2 mmol/L; Hypertriglyceridemia:
Serum triglycerides ≥2.3 mmol/L
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in women, but not in men. Smoking is considered a
risk factor for ARM in some studies (4, 26, 27). How-
ever, in the NHANES III Study there was no strong
relation of cigarette smoking with ARM (1). 

Our results show that increased diastolic blood pres-
sure could be a risk factor of ARM. In the present study
it was observed in our male urban population. There
are inconsistent results on the association between ar-
terial hypertension and ARM. Some studies have found
a positive association with increased blood pressure
(28-30), while others did not find such an association
(4, 5, 23). In the Hisayama study arterial hypertension
increased the risk of ARM only in men (17). 

An association between BMI and ARM in men but
not women was found in our study: obesity signifi-
cantly increased odds of ARM. The same relation-
ship was reported in the Oulu study (23).

We found that glycemia (fasting blood glucose lev-
el) was significantly higher in women with ARM than
in controls. The effect of hyperglycemia on the de-
velopment of ARM is unknown. Hyperglycemia may
affect the normal structure and functioning of the
choroidal circulation, the RPE, or Bruch’s membrane
(31, 32). Although some reports have suggested a
positive association of elevated blood glucose val-
ues with ARM (33, 34), a number of case-control stud-
ies (35-37) and the population-based Framingham
Eye Study (22) have failed to find an association be-
tween ARM and diabetes.

In our study association between ARM and serum
lipids (total cholesterol and triglycerides) was not
remarkable. Some studies have found an increased
risk of ARM with increased serum cholesterol level
(4, 29), while other studies have found no associa-
tions between ARM and serum cholesterol or triglyc-
eride levels (37-39). There are several studies in which
an inverse relationship between risk of ARM and cho-
lesterol level was detected.  In the Cardiovascular
Health Study, a small but statistically significant in-
verse relationship was found between plasma total
cholesterol and early ARM (6, 7). Similar inverse re-
lationship of serum total cholesterol with ARM has
been reported in other populations (1, 4, 5).  The rea-
son for this finding is not known. In conclusion, in-
vestigation of the association of ARM with risk fac-
tors of CVD among Lithuanian urban population aged
35–64 years suggests that early ARM (the prevalence
of early ARM was 6.3%) is associated with current
smoking in women but not in men, and it is associ-
ated with diastolic blood pressure and BMI in men
and with fasting blood glucose level in women. 
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