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Abstract

e AIM: To measure the macular pigment optical density

(MPOD) in healthy Chinese people and patients with early
age-related macular degeneration (AMD).

e METHODS: Cross -sectional population based study.

Demographic and lifestyle  characteristics were
ascertained by questionnaire. A food frequency
questionnaire was completed for all participants.

Participants underwent general physical and ophthalmic
examinations and MPOD was measured by
heterochromatic flicker photometry. Foveal architecture
was measured by optical coherence tomography.

e RESULTS: MPOD of 225 participants (122 healthy and

103 early AMD) was 0.48+0.18. Patients with early AMD
(0.52 +0.19) tended to have higher MPOD levels than
healthy people (0.47+0.17), but the difference was not
statistically significant (/=0.06). Participants with carrot
or corn oil intake every week tended to have higher
levels of MPOD (/~=0.002 and 0.008 respectively) while
those with corn intake had relatively lower level of MPOD
(# =0.01). MPOD increased with the center foveal
thickness ( ~=0.01).

e CONCLUSION: Our findings show that there is no
statistically significant association between MPOD and
early AMD in the studied population. MPOD is related to
center foveal thickness and diets would influence MPOD
levels.

e KEYWORDS: age-related macular degeneration; diets;

foveal architecture; macular pigment optical density
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INTRODUCTION

ge-related macular degeneration (AMD) is the leading

cause of irreversible blindness in elderly of western
countries!? and poses a burden to the society™. Though the
prevalence of AMD is relatively lower in China®™, the overall
incidence is expected to increase with the increasing life
expectancy of the Chinese population. The current treatment
paradigms of late stage AMD are not cost effective ¥,
therefore prevention is important. Although the pathogenesis
of AMD remains unclear, it is plausible that cumulative blue
light damage and/or oxidative stress play a role . The
macular pigment is comprised of two carotenoids, lutein and
zeaxanthin, both entirely of dietary origin™. Macular pigment
is purported to have a protective role from the development
of AMD due to its ability to absorb harmful blue light and for
its powerful antioxidant properties'®.
A growing body of evidences indicates that low levels of
macular pigment are associated with AMD or its risk factors.
A study of a Japanese population showed that macular
pigment optical density (MPOD) of early and late AMD
patients were lower than that of normal subjects P\ Similarly,
eyes with AMD showed less macular pigment density than
controls . In a northern European population, healthy eyes
predisposed to AMD had significantly lower MPOD levels as
compared to the healthy eyes at no such risk ™. In addition,
MPOD levels were affected by multiple factors, including
genetic %, age "8 gender "), smoking status '*%%, dietary
habits " and body mass index (BMI)®*. However, the
conclusions were conflicting. Studies have also shown that
the foveal architecture plays a role in the deposition of
macular pigment in the retina %, We have previously
reported that MPOD levels might be relatively higher in
the healthy Chinese population as compared to other
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populations ™. In this current study, we compare MPOD
levels in patients with or without early AMD. We also study
the foveal architecture with optical coherence tomography
(OCT) and its correlation with MPOD.

SUBJCETS AND METHODS

Residents over 45y from Desheng community of urban
Beijing were recruited between July and September 2012.
People with severe media opacity or any retinopathy other
than early AMD or shallow anterior chamber precluding
mydriasis were excluded. The study protocol was authorized
by the Ethics Committee of Beijing Tongren Hospital and
was conducted in compliance with the Declaration of
Helsinki. Informed consent was obtained from all participants
before their enrollment.

Demographic, lifestyle and medical characteristics were
ascertained by questionnaire with particular attention toward
risk factors for AMD, which included age, sex, education
level, smoking status (current smoker, ex-smoker and never
smoker), sunlight exposure, family history of AMD, history
of hypertension and hyperlipidemia.

At enrollment, subjects completed a 14-item food frequency
questionnaire with a list of foods rich in quantity of lutein and
zeaxanthin 7 according to the local dietary habit. The food
list contained corn, egg yolk, Chinese wolfberry, carrot,
spinach, tea, bean curd, fish, shrimp, yellow vegetable, red
vegetable, black vegetable, milk and oil. Any supplements,
such as xanthophyll, carotene, fish oil, vitamin A, vitamin C,
vitamin E, compound vitamin B and docosahexaenoic acid
(DHA) were also recorded. Subjects were asked to indicate
the duration of consumption and the average frequency.
Participants underwent general physical and ophthalmic
examinations including the measurement of BMI (defined as
kilograms body weight/per square meter of height), blood
pressure, computerized optometry, best-corrected visual
acuity, slit-lamp biomicroscopy, and ophthalmoscopy.
Stereoscopic fundus photographs of the macula were taken
using a digital fundus camera (Zeiss Visucam Pro,
Oberkochen, Germany) through standardized procedures.
(Yang XF) graded all the
images at the Fundus Photographic Reading Center of

One trained ophthalmologist

Wisconsin University, according to the protocol of Wisconsin
age-related maculopathy grading system™®,

MPOD was measured psychophysically with MPS1000
(Hartest Precision Instruments, Surrey, UK), a computerized
device utilizes the principle of heterochromatic flicker
(HFP) ®. The MPS1000 uses
wavelengths blue light (470 nm, maximum macular pigment
(540 nm, not
absorbed by macular pigment) to gauge a patient's response.

photometry specific

absorption is at 460 nm) and green light
The equal luminance points are obtained by presenting the

two lights at a series of different intensity ratios of the blue
and green lights. The flicker frequency starts at a high rate

where flicker cannot be detected and blue-green intensity
ratio is slowly reduced until the observer sees the flicker at
which point they press the response button. This process is
repeated for the central 0.5° parafovea eccentricity where the
concentration of macular pigment peaks and peripheral 8°
parafovea eccentricity where macular pigment is considered
to be absent. Two graphs of frequency versus blue/green ratio
are obtained. Each curve will have a minimum, which
corresponds to the equal luminance point for the blue/green
target. The software built-in calculates the difference
between these minima to obtain the optical density of the
macular pigment.

Macular Cube Scan (512 A-scansx128 B-scans) for both eyes
of all subjects was captured after pupillary dilation using a
spectral domain OCT Cirrus HD-OCT 400 (Carl Zeiss
Meditec, Dublin, USA). The foveal architecture values,
including the average center foveal thickness (CFT, central
circle within 1 mm diameter), cube average thickness (CAT,
6x6-mm?) and cube volume (CV, 6x6-mm?) were assessed
automatically by the built-in topographic mapping software
version 6.0. The retinal thickness is calculated as the distance
between the internal limiting membrane (ILM) and the retinal
pigment epithelium (RPE). A good quality scan with signal
strength of at least 5 was accepted.

were drawn for
measurement of fasting blood glucose (FBG), c-reactive
protein (CRP), total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL), and low-density

Overnight fasting blood samples

lipoprotein cholesterol (LDL).

All data were double entered and validated with EpiData
(The Epi Data Association, Odense,
Denmark). Statistical analysis was performed using R

program, version 3.1

statistical software package, version 2.11.0. (http://www.
(SD) were
calculated for continuous variables with normal distribution.
The correlation analyses of MPOD with the candidate
influence factors were assessed using the /-test or univariate

r-project.org/). Mean and standard deviation

linear regression as appropriate. Variables with Zvalue <0.3
in the univariate analysis were further controlled in a
multivariate linear regression model. The level of
significance was set at ~<0.05.

RESULTS

A total of 238 subjects participated in the study and 13 were
excluded from the MPOD
measurements could not be performed. Of the remaining 225,
there were 80 male (35.6%) and 145 female (64.4%), with age
ranged from 48 to 82 (67.56+7.69)y. Among them, 103 (45.8%)
had early AMD and 122 (54.2%) had no AMD. MPOD of
438 eyes (222 right eyes and 216 left eyes) were available
with the mean of 0.48 +0.18. Measurement of MPOD
between right eyes (0.49+0.18) and left eyes (0.48+0.18)

showed no statistically significant difference (/2 =0.08).

analyses because the

MPOD data in the right eye were therefore used to represent
1191
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Table 1 The demographic, lifestyle and physical characteristics

with MPOD in the studied population xts
Characteristic n (%) MPOD P
Age (a)
<65 88 (39.1) 0.46+0.15 0.04
=65 137 (60.9) 0.51+0.19
Sex
M 80 (35.6) 0.51£0.18 0.19
F 145 (64.4) 0.48+0.18
Ethic
Han 208 (92.4) 0.49+0.18
Minority 17 (7.6) 0.510.15 053
Education
High school or above 146 (64.9) 0.51+0.18
Middle school or lower 79 (35.1) 0.46+0.18 0.05
Hypertension
Yes 80 (42.8) 0.46+0.18 0.04
No 107 (57.2) 0.51+0.18
Hyperlipidemia
Yes 67 (36.0) 0.48+0.18 041
No 119 (64.0) 0.48+0.18
Smoking
Current or ex-smoker 28 (13.0) 0.48+0.17 0.2
Never smoke 188 (87.0) 0.49+0.18
Sunlight expose
Yes 72 (33.2) 0.48+0.18 076
No 145 (66.8) 0.49+0.18
BMI
<27 160 (71.1) 0.49+0.17 0.74
=27 65 (28.9) 0.49+0.19
Refractive error
Yes 119 (52.9) 0.48+0.17 0.54
No 106 (47.1) 0.50+0.18
AMD
Healthy 122 (54.2) 0.47+0.17 0.06
Early AMD 103 (45.8) 0.52+0.19

BMI: Body mass index.

each individual for further analysis. Three individuals had no
data in the right eyes and data in their left eyes were used for
further analysis. In univariate analysis with respect to
demographic, lifestyle and physical characteristics,
participants aged 65y or over had higher MPOD than those
younger than 65y (/2 =0.04). People with hypertension had
lower MPOD than those without (/~=0.04) (Table 1). Patients
with early AMD (0.52+0.19) tended to have higher MPOD
levels than healthy people (0.47 +0.17), but the difference
was not statistically significant (/~=0.06, Figure 1).

The association of MPOD with serum biochemical indexes
was summarized in Table 2. The values of MPOD decreased
significantly with FBG in the univariate linear regression
(£~=0.04).

With respect to the foveal architecture, there is a positive and
significant relation between MPOD and the CFT (/2 <0.001),
but not with CAT (/2=0.99) or CV (£2=0.92) (Table 3).
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Figure 1 Distribution of MPOD by AMD stage.

Table 2 Correlation of MPOD with serum biochemical indexes

n=225

Index xX=xs Coefficient P

FBG (mmol/L) 5.06+1.03 -0.0235 0.04
TG (mmol/L) 1.65+1.00 -0.0203 0.09
TC (mmol/L) 5.38+1.01 -0.0195 0.10
HDL (mmol/L) 1.3540.32 -0.0163 0.67
LDL (mmol/L) 3.24+0.80 -0.0138 0.36
CRP (mg/dL) 0.2140.33 0.0102 0.78

FBG: Fasting blood glucose; TG: Triglycerides; TC: Total cholesterol;
HDL: High-density lipoprotein cholesterol; LDL: Low-density
lipoprotein cholesterol; CRP: C-reactive protein.

Five subjects took vitamin A regularly and had significantly
lower MPOD levels than those who didn't take vitamin A
(2 =0.03). Participants who ate carrot every week had
significantly higher MPOD levels than those who did not
(£2<0.001). Participants using corn oil as the main edible oil
had significantly higher MPOD levels than those mainly
using peanut oil (/2 <0.05) (Table 4).

All factors with a 2 -value less than 0.3 in univariate analysis
were included in a multivariate linear regression, including
age, sex, education, smoking, history of hypertension, AMD
stage, CFT, diet and supplement intake (tea, corn, egg yolk,
carrot, spinach, yellow vegetable and vitamin A). With a
stepwise method, 7 variables were kept in the final model
(Table 5). The final model showed that people with carrot or
corn oil intake every week had higher MPOD levels (/2=
0.002 and 0.008, Figures 2, 3, respectively) while those with
corn intake had lower MPOD (2 =0.01, Figure 4). Values of
MPOD increased with the CFT (/2=0.01, Figure 5).
DISCUSSION

The present study measured MPOD levels and detected
significant effect of CFT, carrot intake, corn intake and corn
oil intake on MPOD levels in healthy Chinese people or
patients with early AMD. However, no significant correlation
of MPOD with early AMD was detected.

Our data on the association between MPOD and early AMD
are in agreement with previous study that also found no
significant differences in MPOD between eyes with and
without AMD
population found that both early and late AMD patients had

%1 Conversely, one study in Japanese
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Table 3 Correlation of MPOD with foveal architecture indexes Table 5 Factors related to MPOD with multivariate linear

n=225 regression
Index XEts (um) Coefficient P Factors Coefficient P
CFT 246.83+26.21 0.0017 <0.001 Age (a) 0.003 0.07
CAT 274.77+15.03 -0.00001 0.99 Hypertent]on (yes Vs no) -0.044 0.09
()% 9.81+0.54 -0.0021 0.92 TC (mmol/L) -0.019 0.12
CFT: Center fOVF:a] thickness, centzral circle with 1 mm diameter;2CAT: CFT (um) 0.001 0.01
Cube average thickness, 6 X 6-mm~; CV: Cube volume, 6 X 6-mm”. .
Corn (no eater vs intaker) 0.066 0.01
Table 4 Correlation of MPOD with diet and supplement xts Carrot (no eater vs intaker) -0.085 0.002
Food type Intaker' n (%) MPOD P Oil type
Tea Yes 102 (45.5)  0.51+0.18 021 Peanut oil (reference)
No 122 (54.5) 0.48+0.18 Soybean oil -0.033 0.45
Bean curd Yes 153 (69.5)  0.49+0.18 071 Corn oil 0.134 0.008
No 67 (30.5) 0.50+0.17 Others -0.050 011
Corn Yes 145(64.7)  0.48+0.18 0.09 TC: Total cholesterol; CFT: Center foveal thickness, central circle with
Yes 179 (79.9)  0.50+0.19
Egg yolk 0.25
No  45(20.1)  0.47+0.14 1.0 -
) Yes 64 (284)  0.50£0.19
Chinese wolfberry 0.62

No  161(71.6) 0.49+0.18

. Yes  153(68.3)  0.49+0.19
Milk 0.52
No 71(31.7)  0.50£0.15

Yes 189 (85.9)  0.49+0.18
Red vegetable 0.89
No 31(14.1) 0.49+0.17

Yes 137 (62.3)  0.51£0.19
Yellow vegetable 0.11
No 83 (37.7) 0.47+0.15

Yes 185(84.1)  0.49+0.18
Black vegetable 0.47
No 35(15.9) 0.51+0.18

=
o]
1

o
o
1

[=]
i
1

Macular pigment optical density

Yes 127 (58.0)  0.53+0.18 0.2 1
Carrot <0.001
No 92 (42.0) 0.45+0.16 S S
. Yes 69 (30.8) 0.52+0.18
Spinach : : 0.4820.18 0.10 T T
No 55 (69.2) . . No Yes
) Yes 120 (53.6)  0.50+0.18 Carrot intake
Fish 0.47
No 104 (46.4)  0.48+0.18 Figure 2 Distribution of MPOD by carrot intake.
. Yes 48 (21.4) 0.51£0.17
Shrimp 0.53
No 176 (78.6)  0.49+0.18 1.0
Oil type ' . i
Peanut oil Yes 114 (61.6)  0.50+0.17
> S : —_
Soybean oil Yes 21 (11.4) 0.46+0.19 0.27 0.8 ;
c —_ i
Cormn oil Yes 13 (7.0) 0.61+0.24 <0.05 o : ;
Others Yes 37(20.0)  0.44+0.17 0.07 E § i
o Yes 527 0310.12 2 0.6 i :
Vitamin A 0.03 Q :
No 179 (97.3)  0.50+0.18 g ;
o Yes 6(3.3) 0.50+0.21 £ §
Compound vitamin B 0.94 2044 :
No 174 (96.7)  0.49+0.18 e ;
o Yes 12(65)  0.55£0.25 2 I | j
Vitamin C 0.42 S ; i 5
No 172 (93.5)  0.49+0.18 < 0.2 5 i 5
o Yes 10 (5.4)  0.44+0.26 i i 4
Vitamin E 0.52
No 174 (94.6)  0.49+0.18 —
o Yes 17 (9.2) 0.45+0.20 T T . T §
Fish oil 0.37 Peanut oil Soybean oil Corn oil Others
No 167 (90.8)  0.50+0.18
Yes 8 (43) 0.43+0.20 Figure 3 Distribution of MPOD by oil intake.
DHA 0.40
No 176 (95.7)  0.49+0.18
"Intake at least one time every week within the latest month. such as differences in age or dietary habits in different

studies. For example, subjects with regularly lutein
lower macular carotenoid levels than healthy people “. The  supplements were excluded and diet was not concerned in the
reasons for the discrepancies may be due to sampling bias  Japanese study™.
1193
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thickness (pum).

In the current study, we found that participants consumed
carrot or corn oil as the main edible oil had significantly
higher MPOD levels whereas those with com intake had
lower MPOD. These results may be explained by the
absorption and transportation of the macular pigments.
Humans cannot synthesize macular pigment but have to
consume lutein and zeaxanthin from diet P7. As fat-soluble
antioxidant, macular pigments are absorbed by duodenal
mucosal cells with fat and transported exclusively by
lipoproteins
segregates out
membranes and accumulates into unsaturated phospholipids

B In the presence of cholesterol, lutein

from saturated lipid regions on cell
in order to form carotenoid-rich domains®™. Study confirmed
that zeaxanthin and lutein concentrations were associated
strongly with plasma lipids ™. Other aspects of the diet, such
as duration and amount of supplementation, the vehicle (food
or pill), may influence the uptake of these carotenoids by the
intestine and the eye™.
1194

We also found that MPOD levels increased with the retinal
thickness over the central 1 mm fovea in this study, which is
in support with a previous study that reported positive
association between MPOD and CFT at an eccentricity of 0.5
degree as measured by OCT in a group of healthy subjects.
However, this association between MPOD and CFT only
exist in the central fovea and disappeared at an eccentricity of
1 or 2 degrees Y. Sandberg ez 2/ also reported that MPOD
levels increased with increasing CFT in patients with retinitis
pigmentosa without cystoid macular edema. Moreover,
Zheng ez 2/ % found that MPOD positively correlated with
CFT in Chinese children aged from 6 to 12 years old.
Contrastively, Nolan e 2/ ® found that MPOD was not
related to CFT but positively and significantly related to
width and they stated that
characteristics might modulate the MPOD-retinal thickness

foveal other personal
relationship. In the current study, however, we failed to show
the association between MPOD and CAT or CV.

The mean MPOD levels in this current study (0.48+0.18) are
comparable to the data from our previous study in healthy
Chinese population (0.49+0.18)2", a study in young healthy
Hong Kong Chinese (0.48+0.23)!" and a study in healthy
South Indian population (0.50 £0.21) '), but are relatively
higher than those reported in midsouth USA (0.34+0.21)",
north USA (0.26+0.19)™ and northern European (0.29+0.16)™1
populations. There are studies showing the ethnic differences
in MPOD levels [**% and this could explain the distinction of
MPOD levels among different populations.

In summary, the present study measured MPOD levels and
detected significant effect of CFT, carrot intake, and corn oil
intake on MPOD levels in healthy Chinese people or patients
with early AMD, suggesting that CFT and dietary habits
would influence MPOD levels. However, we showed no
significant correlation between MPOD levels and early
AMD. Further studies to confirm these observations would be
warranted.
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