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Abstract. – OBJECTIVE: To analyze the lev-
els of serum melatonin (MLT) and assay of 6-
sulfatoxymelatonin (aMT6S) of age-related mac-
ular degeneration (AMD) patients and study their
correlation with AMD risk factors.

PATIENTS AND METHODS: 58 AMD cases
were selected and 58 healthy cases of the same
time period were selected according to 1:1 clos-
est matching method. ELISA method was used
to test serum MLT and aMT6S level.

RESULTS: Levels of MLT and aMT6S in AMD
group were lower than those in the control
group, and differences were statistically signifi-
cant (p < 0.05). Based on analysis of AMD sub-
group, differences on gender had no statistical
significance compared with AMD type. For cas-
es with smoking, cardiovascular disease and
corrected visual acuity lower than 0.1, MLT and
aMT6S levels were reduced at 0.05). Through
the regression analysis, we concluded that
smoking history, cardiovascular disease histo-
ry, best corrected visual acuity, MLT and
aMT6S level were independent risk factors,
among which MLT [OR = 3.624 (odds ratio: OR)]
and aMT6S (OR = 3.201).

CONCLUSIONS: MLT and aMT6S may be relat-
ed to the incidence of AMD.
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Introduction

Age-related macular degeneration (AMD) is
a kind of chronic degenerative change at the
macular area of eye ground, causing central vi-
sion loss1. It is a kind of aged disease and the
second cause of blindness in western people
over 50 years old right after diabetic ocular fun-
dus pathology2; its prevalence rate is 2% and
accounts for 50% in all blind cases3. With ac-
celerated aging in China, positive rate and
prevalence rate of AMD are increasing by year4.
Its causes are not clear yet, but long term chron-
ic photopathy, age, hereditary, cardiovascular
disease, smoking and malnutrition may be main
causes5. Cell injury caused by ROSoxidative
stress) may be an important pathogenesis6.
Melatonin (MLT) is an indoleamine hormone
that has multiple physiological functions such
as adjusting biological rhythms, regulating
blood pressure, antioxidant, anti-apoptosis, cell
protection, immunoregulation and anti-tumor7-9.
In recent years, a significant function of MLT in
terms of maintaining retinal function was grad-
ually recognized. Retina is one of its main nat-
ural secreting sections in the human body. MLT
is also able to control pigment of eyes and regu-
late the amount of light that reaches photorecep-
tor10; it was able to clean hydroxyl radical and
protect retinal pigment epithelium (RPE) cells
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from oxidative damage11. Therefore, it is pre-
dicted that physiological loss of MLT for old
people is the important cause for PRE function-
al damage, which causes AMD at last. At pre-
sent, studies abroad have shown that serum
MLT and urine assay of 6-sulfatoxymelatonin
(aMT6S) levels for AMD patients are lower
than those of healthy people12. Consequently, an
ergogenic supplement of MLT or similar matter
is good for AMD treatment13. Nevertheless,
there is still no reports regarding the correlation
between MLT and AMD in China. With that as
a basis, this study aimed at analyzing serum
MLT and urine aMT6S level in patients suffer-
ing AMD and studying their correlation with
AMD risk factors, which will provide a theoret-
ical foundation for MLT as the etiological treat-
ment of AMD.

Patients and Methods

Patients
58 AMD cases diagnosed in our hospital from

Jan 2015 to Jan 2016 were selected in accor-
dance with AMD diagnostic criteria made by Oc-
ular Fundus Disease Group of Chinese Medical
Association in the 2nd National Ocular Fundus
Disease Academic Conference in 1986. Exclu-
sion criteria: (1) Secondary macular degenera-
tion, eye traumas, eye surgery history and other
clear eye diseases; (2) Factors influencing MLT
level, such as recent smoking, drinking, oral ad-
ministration of non-steroid anti-inflammatory
drug, antipsychotic drug, antianxiety drug, sleep-
ing pills, tryptophan or � receptor blocking phar-
makon within 12h and MLT intake, etc.; (3) The
collected specimen is not qualified.

The current study has been approved by pa-
tients and their family members through Ethics
Committee of our hospital. 1:1 closest matching
method for age and gender was used to select
58 healthy cases of the same time period. For
AMD group, 30 male and 28 female cases with
ages ranging 52 to 75 years old (average value
of 63.4 ± 12.7 years old) were selected; the
course of disease was from 1 month to 2 years
and average period was 10.5 months; 23 cases
with best corrected visual acuity lower than 0.1
and 35 cases more than 0.1; there were 19
smoking cases and 26 cases with cardiovascular
disease history. They were divided into atrophic
type (that is “dry”) and exudative type (that is

“wet”) based on clinical and pathological mani-
festations. Atrophic type refers to atrophic le-
sions at macular region caused by atrophy of
choriocapillaris, thickening of the glassy mem-
brane and epithelial atrophy of retinal pigment,
and its clinical symptoms were pigment disor-
der at macular region, drusen and RPE atrophy.
Exudative type refers to RPE atrophy, in which
the glassy membrane was damaged and
choroidal blood vessels grow under the retina
and form new tunica vasculosa. Fundus mani-
festations were edema, exudation, diastasis of
retinal neuroepithelium layer or RPE layer,
macular hemorrhage and organized hyperplasia,
etc. Among them, there were 27 dry AMD cases
and 31 wet cases. In the control group, there
were 29 male cases and 29 female cases with
ages between 50 and 76 years old and the aver-
age value is (63.2 ± 13.3) years old. 19 cases
with naked vision lower than 0.3 and 39 cases
more than 0.3 but the best corrected visual acuity
for all is higher than 0.5; there are 20 smoking
cases and 23 cases with cardiovascular disease
history. Differences are of no statistical signifi-
cance between two groups in terms of smoking
and cardiovascular disease history cases.

Testing Method
ELISA method was used to test plasma MLT

and urine aMT6S levels and all kits are pur-
chased from R&D Company (Minneapolis, MN,
USA). All procedures were made strictly in ac-
cordance with instructions. MLT collection time
was at night (00:00). Collect about 5 ml periph-
eral venous blood into the anticoagulative tube
and centrifuge it for 15 min at 3000 r/min. Take
the supernatant and keep it in -70°C refrigerator
for testing. Take about 10 ml morning (08:00)
urine with an empty belly and kept in -70°C re-
frigerator for further testing.

Statistical Analysis
The SPSS19.0 statistical software (SPSS Inc.,

Chicago, IL, USA) is used for data processing.
The measurement data was represented by mean
value ± standard deviation. The comparison be-
tween groups was made through the t-test. The
enumeration data is presented as case or percent-
age. The comparison between groups was made
through the �2-test. The logistic testing model
was used in multi-factor regression analysis. p <
0.05 was considered as statistically significant.
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MLT aMT6S
Group (pg/ml) (ng/ml)

AMD group 89.7 ± 23.2 5.5 ± 2.7
Control group 162.4 ± 24.9 9.3 ± 3.4
t 6.534 6.428
p < 0.001 < 0.001

Table I. Comparison between MLT and aMT6S levels.

Figure 1. MLT and aMT6S levels in AMD subgroup. A, MLT; B, aMT6S. CVD: cardiovascular disease.

Results

Comparison Between MLT and
aMT6S Level

Average MLT and aMT6S level in AMD
group were lower than those in the control group
and differences are of statistical significance (p <
0.05) (Table I).

Analysis on MLT and aMT6S Level in
AMD Subgroup

Based on analysis of AMD subgroup, differ-
ences were statistically no significant in terms of
comparison between gender and AMD type. For
cases with smoking, cardiovascular diseases and
corrected visual acuity lower than 0.1, their MLT
and aMT6S level were significantly decreased (p
< 0.05) (Figure 1).

Multi-factor Logistic Regression Analysis
Taken all together, gender, age, smoking his-

tory, cardiovascular disease history, best correct-
ed visual acuity, MLT and aMT6S as indepen-
dent variables and AMD as an inclusive model of

the dependent variable, we concluded that smok-
ing history, cardiovascular disease history, best
corrected visual acuity, MLT and aMT6S were
independent risk factors (Table II).

Discussion

It is proved in studies12,13 that MLT level in
blood and urine was decreasing for aged people
and lowered MLT level in vivo circulation was
related to some geriatric diseases such as cancer,
coronary artery disease and Alzheimer’s disease.
As for the correlation between MLT and AMD,
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Liang et al14 found out through intervening with
different concentration of MLT in oxidative
stress model of epithelial cells of retinochrome
induced by hydrogen peroxide that MLT was
able to increase activity of antioxidant enzyme
(SOD, GR and GSH-px) and, therefore, relieved
oxidative damage of RPE cells. In oxidative
stress model of RPE cell, there were changes in
mitochondrion DNA. MLT intervention was able
to relieve oxidative damage of mitochondrion
DNA and protect RPE cells15. In addition, MLT
was able to reduce damages to rod outer seg-
ment of photoreceptor from free radical caused
by sunlight16. After an investigation, Rosen et
al17 found out that as the main metabolite of
MLT, aMT6S levels of AMD patients were able
to reflect serum MLT levels, which were (6.24
± 3.45) ng/ml and it was 40% lower than (10.40
± 4.51) ng/ml in the control group. Yi et al13

made an investigation and found that after oral
medication of 3 mg MLT every day for three
months, pathological changes of maculopathy
for 70% AMD patients (including both dry and
wet) were relieved. So, it could be concluded
that MLT was able to protect the retina and de-
lay macular degeneration. It was proven
through Rastmanesh’s studies18 that MLT was
able to treat or prevent AMD.

Recently, the function of oxidative stress in
AMD course of disease was getting more atten-
tion. When the body is through all kinds of nox-
ious stimulus, the content of highly reactive mol-
ecules in the human body such as ROS and RNS
increased and the degree of oxidation was more
than the removal of oxide, which causes an im-
balance of oxidative system and antioxidant sys-
tem. As a result, a large amount of reactive oxy-
gen was generated and it was beyond removal
capacity of the antioxidant system. The human
body will form oxidative stress status and cause
DNA oxidative damage and abnormal protein ex-
pression. Finally, it will cause cytotoxic effect
and irreversible damage to the body19. Cell apop-
tosis plays an important role in many histopatho-

logical processes such as body growth and devel-
opment and aging. Causes for apoptosis include
aging, virus infection and oxidative damage20.
Some authors21 found that oxidative stress caused
by reactive oxygen was an important link in cell
apoptosis. Rod outer segment of retinal photore-
ceptor contains lots of polyunsaturated fatty
acids and it was easily attacked by oxidative
damage, which further enable cytolysis chain to
begin22. In the early stage of AMD, pressure on
RPE cells was increasing with age; the degrada-
tion of photoreceptor enzyme pieces were gener-
ated during RPE phagocytosing lysosome and
degradation products include retinal induced
complex, which was featured by photoinduction,
increases oxidative stress damage, interferes RPE
cell metabolism, caused obstacle for oxygen dif-
fusion and induced new vessels23. MLT was a
strong free-radical scavenger, which was able to
remove highly toxic cyano group and other oxy-
gen atom group and improve antioxidant enzyme
level24. It mainly depended on 5 methoxy on in-
dole ring and synergistic effect from acetyl on side
chain in order to prevent MLT from degradation
by monoamine oxidase. It was demonstrated that
physiological content of MLT was negatively cor-
related to age25. MLT content was reducing over
45 years old and also it was a high incidence peri-
od for AMD. Therefore, physiological MLT is an
important factor for RPE dysfunction, which may
be the main cause for AMD26.

Conclusions

We observed that MLT and aMT6S level in
the AMD group were lower than those in the
control group, which was consistent with previ-
ous studies. Based on AMD subgroup, the differ-
ences had no statistical significance regarding
gender and AMD type. MLT and aMT6S levels
were lower for cases of smoking, cardiovascular
diseases and corrected visual acuity less than 0.1,
which indicated that MLT might be closely relat-

Factors ββ Wald p OR 95% CI

Smoking history 0.102 3.627 0.041 1.234 0.634-2.698
Cardiovascular disease history 0.234 3.468 0.034 1.326 0.328-3.623
Best corrected visual acuity 0.217 3.129 0.008 1.765 0.129-2.964
MLT 0.357 5.646 < 0.001 3.624 3.127-5.639
aMT6S 0.421 5.532 < 0.001 3.201 2.867-5.724

Table II. Multi-factor logistic regression analysis.
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ed to high-risk factors for AMD. Through the re-
gression analysis, we concluded that smoking
history, cardiovascular disease history, best cor-
rected visual acuity, MLT and aMT6S level were
independent risk factors, among which OR val-
ues of MLT and aMT6S level are high. Age and
gender matching method was used in the study to
exclude the age, which was an important influ-
encing factor. Above all, MLT and aMT6S may
be related to the incidence of AMD. 
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