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Abstract

Background and aims: Our aim was to evaluate the association between the potential
risk factors and the different stages of age-related macular degeneration (AMD) in a
population aged 52-85 years. Material and methods: One hundred and ten patients with
different stages of AMD were evaluated by direct interview for identifying possible
present factors risk and were subjected to a detailed ophthalmological examination,
including measurement of the macular area by the Spectral Domain-Optical Coherence
Tomograph Heidelberg Engineering (SD-OCT). For the grading of AMD we used the
International Classification and Grading System for Age-Related Maculopathy. Results:
In our study, diabetes, arterial hypertension, dyslipidemia and smoking were risk factors
for AMD. A longer history of diabetes or smoking status was associated with stage 3 or 4
of AMD. We found no statistical significant association between pseudophakia and AMD.
Conclusions: Further investigation is needed to identify and to clarify the association
between these possible risk factors and AMD.

key words: age-related macular degeneration, type 2 diabetes mellitus, arterial
hypertension, dyslipidemia, smoking, pseudophakia
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Background and aims

Age-related macular degeneration (AMD) is
a leading cause of severe and irreversible visual
loss, affecting the population aged 40 years and
older [1]. According to the World Health
Organization, AMD is more frequent in
developed countries [2]. It is estimated that

nearly 8 million people will be affected with
AMD by the year 2020 [3].

There are 2 types of AMD: the wet
(exudative, neovascular) form that is responsible
for 10-20% of the cases, with a fast and severe
visual loss and the dry (non-exudative, non-
neovascular) form with a slower and progressive
evolution.
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In the pathogenesis of AMD, there were
cited non modifiable risk factors such as
advanced age, sex and genes. Different studies
associated AMD with modifiable risk factors
such as cigarette smoking, hypertension,
elevated values of cholesterol, diabetes and
cataract surgery [4-9].

The investigation of risk factors for AMD is
essential in understanding the pathogenesis and
progression of the disease, but the most
important is to identify preventive measures and
better treatments.

The aim of our study was to evaluate the
association between the potential risk factors and
the different stages of AMD in a population aged
52-85 years.

Material and method

We evaluated one hundred and ten patients
with diagnosed AMD who required medical
services in the period April-July 2013 within the
Ophthalmology Department of the University of
Szeged. After obtaining informed consent, the
patients underwent a medical interview and a
complete ophthalmological examination. The
study respected the Helsinki Declaration and was
approved by the Ethical Board of the University
of Szeged.

Clinical data were collected from all patients
using direct and detailed patient interview
focusing on sex, age, general and ocular diseases
history, history of ocular surgery and personal
habits such as cigarette smoking. Arterial
hypertension, diabetes and dyslipidemia were
considered present if the patient was previously
diagnosed by an internal medicine specialist with
or without current usage of medications. History
of duration of these diseases was also
documented. For the smoking habit, the first
question was if the patient ever smoked. If the
answer was positive, the patient was asked for
how long he or she had been smoking (years),
the number of cigarettes (per day) and the actual
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status (still smoking/stopped smoking and for
how long).

The ophthalmological examination was
performed after pupil dilatation with Neo-
Synephrine and included identification and
measurement of the macular lesions using the
Spectral Domain Optical Coherence Tomograph
(SD-OCT), Heidelberg Engineering, from the
Ophthalmology Department of the University of
Szeged.

The AMD was graded according to the
International Classification and Grading System
for Age-Related Maculopathy in 5 stages: no
signs of AMD or the presence of one small
drusen <63um as stage 0; soft distinct drusen (>
63um and < 125 pum) or only pigmentary
abnormalities as stage 1. Early AMD includes
stage 2 with soft distinct drusen (=125 pm),
reticular drusen only, or soft distinct drusen (>63
um and < 125 pm) with pigmentary
abnormalities and stage 3 where the pigmentary
abnormalities are associated with bigger
dimensions of the reticular drusen or soft distinct
drusen (>125 pum) as shown in Figure 1.

Stage 4 (also known as late AMD) is divided
in 2 types: the dry form (geographic atrophy)-
demarcated area, larger than 175 um with the
apparent absence of the retinal pigment
ephitelium (RPE) and visible choroidal vessels
(Figure 2) and the wet-AMD (Figure 3) defined
by the presence of a RPE detachment (serous or
hemorrhagic) and/or subretinal hemorrhage,
and/or subretinal neovascular membrane, and/or
periretinal fibrous scar [10,11].

Lesions that could be considered to be the
results of other diseases such as: chorioretinitis,
ocular trauma, high myopia or congenital
diseases defined the exclusion criteria. We also
excluded the patients with evolved cataract
opacities that could interfere with the fundus
examination and staging of the AMD.

The statistical analysis was performed using
Epilnfo 7.1.2 coupled with data management
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performed in Microsoft Excel. Besides the odds calculation of Odds Ratio (OR) as the
standard descriptive statistics, the statistical measure of risk. The statistical significance was
method included risk analysis using group-wise  considered for the threshold p=0.05.
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Figure 1. Stage 3 of AMD: drusenoid PED (drusenoid pigment epithelial detachment), drusen.
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Figure 3. Stage 4 of exudative AMD:serous PED, subretinal fluid, fibrovascular PED.
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Results

In our study from 110 patients, 76 were
females (69.1%) and 34 males (30.9%). Patients
were aged between 52 and 85 years, with a
medium age of 71 years. 42 of the patients in the
study group (38.18%) were diagnosed with stage
1 of AMD, 14 (12.72%) with stage 2, 13

(11.18%) with stage 3 and 41 (37.27%) with
stage 4.

When analyzing the association between age
and the stage of the ocular disease, we found that
age above 70 years is statistically significantly
associated with stages 3 and 4 of the disease:
OR=6.55 (2.84 — 15.08), p<0.001 (Figure 4).
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Figure 4. Distribution of patients according to the AMD stage and age group.
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Figure 5.

Distribution of T2DM patients according to the AMD stage and diabetes duration.
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Distribution of patients according to the stage of AMD and the presence of T2DM.
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We analyzed the obtained data, taking into
account the presence of the risk factors and also
the duration (in years) of the associated diseases.

Type 2 diabetes mellitus (T2DM) was
present in 32 patients (29.1%): 22 females
(68.75%) and 10 males (31.25%) and was
associated with late-AMD if the history of the
diabetes was more than 6-10 years (Figure 5).

In patients with no history of T2DM, we
identified more frequently drusens and
pigmentary abnormalities characteristic for the
stages 1 or 2 of AMD (Figure 6).

The relationship between T2DM and the
presence of stages 3 and 4 of AMD has proven
to be statistically significant: OR= 20.49 (5.69 —
73.72), p<0.001.

Hypertension was present in 87 patients
(79.1%): 54 females (62.1%) and 33 males
(37.9%). We have investigated the possible
association between arterial hypertension and the
presence of advanced stages of the disease (3
and 4) and we have found a statistical significant
relationship between them: OR= 34.29 (4.41 —
266.34), p<0.001 (Figure 7).
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Figure 7. Distribution of the patients according to the stage of AMD and the presence of arterial hypertension.
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Figure 8. Distribution according to the stage of AMD and the duration of hypertension.

Furthermore, a history of hypertension for
longer than 5 years seems to be associated with
advanced stages of AMD (Figure 8).

Dyslipidemia was present in 75 patients
(68.2%): 52 females (69.3%) and 23 males
(30.7%). Patients with dyslipidemia had all 4
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stages of AMD (Figure 9). We have investigated
the possible association between dyslipidemia
and presence of advanced stages of AMD and
found a statistical significant relationship
between dyslipidemia and stage 4 of AMD:
OR=2.65 (1.06 — 6.59), p=0.01.
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Figure 9. Distribution of patients according to the stage of AMD and the presence of dyslipidemia.
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Figure 10. Distribution of patients according to the stage of AMD and dyslipidemia duration.

40 1
30
30 A
20 - 14 W Smoking
11 B Nosmoking
10 17 4 4
0

0 1 T T 1

Stagel Stagel2 Stage3 Staged

Figure 11. Distribution of patients according to the stage of AMD and smoking status
(history of smoking or current smoking).

As shown in Figure 10, patients with a more
recent onset of dyslipidemia had more frequently
stage 1 AMD.

In our study group we identified 43 patients
(39.1%) with a history of smoking or still active
smokers: 32 females (74.4%) and 11 males
(25.6%). When analyzing the association
between smoking and the stage of AMD, we
found that smoking (present or past) is
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significantly associated with stages 3 and 4 of
the disease: OR= 5 (1.53 — 16.24), p= 0.002
(Figure 11).

Of the 43 patients with a history of smoking,
24 were active smokers (55.8%): 20 females
(83.3%) and 4 males (16.7%). A smoking history
longer than 20 years was present especially in
patients with late AMD (Figure 12).
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Figure 12. Distribution of active smokers according to the stage of AMD and smoking duration.
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Figure 13. Distribution of patients according to the stage of AMD and the presence of pseudophakia.
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Figure 14. Distribution of patients according to the stage of AMD and pseudophakia duration.

Pseudophakia was present in 24 patients The distribution of the patients according to
(21.8%): 18 females (75%) and 6 males (25%). the stage of the AMD and the duration of
When analyzing the association between the pseudophakia showed us that patients with
presence of pseudophakia and the stage of AMD,  cataract surgery performed more than 5 years
we found no statistical significant association ago had only stage 4 of the macular disease

between them: p=0.06 (Figure 13). (Figure 14).
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Discussions

As it is reported in different studies
worldwide, age is the most important non
modifiable risk factor associated with AMD [12-
15]. In our study, we identified that the
prevalence of the late stages of AMD is higher in
patients older than 70. The Hisayama Study from
Japan, performed in a population aged 50 years
and older, identified a prevalence of early AMD
of 12.7% and of late AMD of 0.87% [16]. The
Shihpai Eye Study from Taiwan confirmed the
importance of age in the pathology of early and
late AMD, but after comparing subject groups
with different ages, the authors conclude that
early AMD is more frequent after the age of 69
and late AMD after 85 years old [17]. Their
results in the age group 65-74 years are similar
with those reported in other studies such as the
Multiethnic Study of Atherosclerosis (MESA)
[18]. In this study, the prevalence of AMD was
higher in White (5.5%), Hispanics (4.5%) and
Chinese (5.0%) people, but lower in Blacks
(2.1%). In the Beijing Eye Study the prevalence
of AMD was 2.5% [8]. The Andhra Pradesh Eye
Disease Study showed that the adjusted
prevalence of AMD was significantly higher in
subjects aged 60 years or older: OR= 3.55 (1.61-
7.82) [19].

Smoking is the most consistent modifiable
risk factor associated with AMD [20,21]. Thus,
the review of 13 studies found a statistically
significant association between smoking and
AMD, with increased risks for active-smokers or
subjects with a history of smoking compared
with never-smokers [22]. The South Indian
Andhra Pradesh Study (2005) identified a higher
prevalence of AMD in the smokers group
compared with never smokers. This study also
reported a  non-statistically  significant
association with the different types and
quantities of nicotine by comparing the home
made traditional cigars with the classical filtered
cigarettes [19]. The Shihpai Eye Study identified
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smoking as a non significant risk factor for
AMD [17].

Dyslipidemia was associated with early
AMD in a Korean Study [23]. High serum levels
of HDL cholesterol were associated with an
increased risk of early AMD in The Rotterdam
Eye Study, with neovascular AMD in the Eye
Disease Case-Control Study and with soft drusen
in the cross-sectional POLA Study [24-26]. In
our study we have found a statistical significant
relationship between dyslipidemia and stage 4 of
AMD. However, many epidemiologic studies
didn’t detect an  association  between
dyslipidemia and late AMD. Thus, the Beaver
Dam Eye Study and the Blue Mountains Eye
Study have reported that high serum levels of
HDL cholesterol may have a small effect in
reducing the risk for late AMD [27,28].

The association between arterial
hypertension and AMD is questionable. Our
study showed that hypertension is a risk factor
for the late-AMD. The AREDS (Age Related
Eye Disease Study) study identified a
statistically significant association between
systemic hypertension, smoking and large drusen
or neovascular AMD [6]. The Rotterdam Study
identified an association with hypertension for
all subtypes of AMD [29]. The Beaver Dam Eye
Study showed an association only for the
neovascular AMD [30]. However, a number of
studies have failed in identifying a significant
association between any stage of AMD and
systemic hypertension [26]. The Andhra Pradesh
Eye Disease Study in South India found no
association with arterial hypertension, but
identified higher odds of AMD in the
hypertensive patients group [19].

A publication from 2007, within the AREDS
study, concluded that a protective factor for
AMD may be a reduced glycaemic index in
nondiabetic subjects [31,32]. In our study we
identified that late-AMD is associated with a
history of diabetes of more than 6-10 years.
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AMD after cataract surgery has been
identified in different studies. The Andhra
Pradesh Eye Disease Study, the Beaver Dam Eye
Study and the Blue Mountains Eye Study
demonstrated an association between cataract
surgery and AMD [19,33,34]. In our study we
haven’t found a statistical significant association
between pseudophakia and AMD.

Our study has several limitations. First, due
to the small size of our study group, the
statistical conclusions cannot be extended to the
general population aged over 50 years.
According to literature the female sex is more
affected by the AMD disease, but taking into
account the number of our patients we cannot
conclude. Another limitation of the study is that
we could not identify from the history of
previous ophthalmological examination if the
patients that underwent cataract surgery had
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However, further investigation is needed to
identify and to clarify the association between
these possible risk factors and AMD.

Acknowledgements: This research was
carried out with the partial financial support of
the European Social Fund, through the PhD
fellowship ~ (POSDRU)  107/1.5/S/78702".
Special thanks to MD. Attila Kovécs and the two
medical assistants, Modnika Bddi and Agnes
Metal, who helped us collecting patients data.

1. Klein R, Chou CF, Klein BE, Zhang X, Meuer
SM, Saaddine JB. Prevalence of age-related macular
degeneration in the US population. Arch Ophthalmol 129:
75-80, 2011.

2. World Health Organization. Priority Eye
Diseases. Accessed at http://www.who.int/blindness/
causes/priority.

3. Bressler NM. Early detection and treatment of
neovascular age-related macular degeneration. J Am Board
Fam Pract 15: 142-152, 2002.

4. Chakravarthy U, Wong TY, Fletcher A et al.
Clinical risk factors for age-related macular degeneration:
a systematic review and meta-analysis. BMC Ophthalmol
10: 31-44, 2010.

5. Sandberg MA, Tolentino MJ, Miller S, Berson
EL, Gaudio AR. Hyperopia and neovascularization in
age-related macular degeneration. Ophthalmology 100:
1009-1013, 1993.

6. Age-Related Eye Disease Study Research
Group. Risk factors associated with age-related macular
degeneration. A case-control study in the age-related eye
disease study: Age-Related Eye Disease Study report
number 3. Ophthalmology 107: 2224-2232, 2000.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 20 / no. 4 / 2013

7. lkram MK, van Leeuwen R, Vingerling JR,
Hofman A, de Jong PT. Relationship between refraction
and prevalent as well as incident age-related maculopathy:
the Rotterdam Study. Invest Ophthalmol Vis Sci 44: 3778-
3782, 2003.

8. Xu L, Li Y, Zheng Y, Jonas JB. Associated
factors for age related maculopathy in the adult population
in China: the Beijing Eye Study. Br J Ophthalmol 90:
1087-1090, 2006.

9. Boker T, Fang T, Steinmetz R. Refractive error
and choroidal perfusion characteristics in patients with
choroidal neovascularization and age-related macular
degeneration. Ger J Ophthalmol 2: 10-13, 1993.

10. Bird AC, Bressler NM, Bressler SB et al. An
international classification and grading system for age-
related maculopathy and age-related macular degeneration.
The International ARM Epidemiological Study Group.
Surv Ophthalmol 39: 367-374, 1995.

11. Desmettre T, Cohen SY. Epidemiologie et
facteurs de risqué. In: Degenerescence maculaire liee a
I'age. 2™Edition. Baigneres D (ed.). Elsevier Masson
SAS, Issy-les-Moulineaux Cerdex, pp 15-23, 2009.

377




1

12. Vingerling JR, Dielemans I, Hofman A et al.
The prevalence of age-related maculopathy in the
Rotterdam Study. Ophthalmology 102: 205-210, 1995.

13. Mitchell P, Smith W, Attebo K, Wang JJ.
Prevalence of age-related maculopathy in Australia. The
Blue Mountains Eye Study. Ophthalmology 102: 1450-
1460, 1995.

14. Bressler NM, Bressler SB, West SK, Fine SL,
Taylor HR. The grading and prevalence of macular
degeneration in Chesapeake Bay watermen. Arch
Ophthalmol 107: 847-852, 1989.

15. Fraser-Bell SF, Donofrio J, Wu J et al.
Sociodemographic factors and age-related macular
degeneration in Latinos: the Los Angeles Latino Eye
Study. Am J Ophthalmol 139: 30-38, 2005.

16. Oshima Y, Ishibashi T, Murata T, Tahara Y,
Kiyohara Y, Kubota T. Prevalence of age related
maculopathy in a representative Japanese population: the
Hisayama study. Br J Ophthalmol 85: 1153-1157, 2001.

17. Chen SJ, Cheng CY, Peng KI et al. Prevalence
and associated risk factors of age-related macular
degeneration in an elderly Chinese population in Taiwan:
The Shihpai Eye Study. Invest Ophthalmol Vis Sci 49:
3126-3133, 2008.

18. Klein R, Klein BE, Knudtson MD et al.
Prevalence of age-related macular degeneration in 4
racial/fethnic groups in the multi-ethnic study of
atherosclerosis. Ophthalmology 113: 373-380, 2006.

19. Kirishnaiah S, Das T, Nirmalan PK et al. Risk
factors for age-related macular degeneration: findings
from the Andhra Pradesh eye disease study in South India.
Invest Ophthalmol Vis Sci 46: 4442-4449, 2005.

20. Tomany SC, Wang JJ, van Leeuwen R et al.
Risk factors for incident age-related macular degeneration:
pooled findings from three continents. Ophthalmology
111: 1280-1287, 2004.

21. McCarty CA, Mukesh BN, Fu CL, Mitchell P,
Wang JJ, Taylor HR. Risk factors for age-related
maculopathy: the Visual Impairment Project. Arch
Ophthalmol 119: 1455-1462, 2001.

22. Thornton J, Edwards R, Mitchell P, Harrison
RA, Buchan 1, Kelly SP. Smoking and age-related
macular degeneration: a review of association. Eye 19:
935-944, 2005.

23. Moon BG, Joe SG, Hwang JU, Kim HK, Choe
J, Yoon YH. Prevalence and risk factors of early-stage

378

age-related macular degeneration in patients examined at a
health promotion center in Korea. J Korean Med Sci 27:
537-541, 2012.

24. van Leeuwen R, Klaver CCW, Vingerling JR
et al. Cholesterol and age-related macular degeneration: is
there a link? Am J Ophthalmol 137: 750-752, 2004.

25. Eye Disease Case-Control Study Group. Risk
factors for neovascular age-related macular degeneration.
The Eye Disease Case-Control Study Group. Arch
Ophthalmol 110: 17011708, 1992.

26. Delcourt C, Michel F, Colvez A et al
Associations of cardiovascular disease and its risk factors
with age-related macular degeneration: the POLA study.
Ophthalmic Epidemiol 8: 237-249, 2001.

27. Klein R, Knudtson MD, Klein BEK. Statin use
and the five-year incidence and progression of age-related
macular degeneration. Am J Ophthalmol 144: 1-6, 2007.

28. Smith W, Assink J, Klein R et al. Risk factors
for age related macular degeneration: pooled findings from
three continents. Ophthalmol 108: 697-704, 2001.

29. van Leeuwen R, lIkram MK, Vingerling JR,
Witteman JC, Hofman A, de Jong PT. Blood pressure,
atherosclerosis, and the incidence of age-related
maculopathy: the Rotterdam Study. Invest Ophthalmol Vis
Sci 44: 3771-3777, 2003.

30. Klein R, Klein BEK, Jensen SC. The relation of
cardiovascular disease and its risk factors to the 5-year
incidence of age-related maculopathy: the Beaver Dam
Eye Study. Ophthalmology 104: 1804-1812, 1997.

31. Connell PP, Keane PA, O'Neill EC et al. Risk
factors for age-related maculopathy. J Ophthalmol 2009:
360764, 20009.

32. Chiu CJ, Milton RC, Gensler G, Taylor A.
Association between dietary glycaemic index and age-
related macular degeneration in nondiabetic participants in
the Age-Related Eye Disease Study. Am J Clin Nutr 86:
180-188, 2007.

33. Klein R, Klein BE, Linton KL, DeMets DL.
The Beaver Dam Eye Study: the relation of age-related
maculopathy to smoking. Am J Epidemiol 137: 190-200,
1993.

34. Smith W, Mitchell P, Leeder SR. Smoking and
age-related maculopathy: the Blue Mountains Eye Study.
Arch Ophthalmol 114: 1518-1523, 1996.

Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 20 / no. 4 / 2013




