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SUMMARY:  23 

We present a protocol to determine the levels of overall macular pigment, lutein, and zeaxanthin 24 

optical density in the central and parafoveal regions of the retina. The protocol includes a novel 25 

adjustable track system used to measure macular pigment optical density in the foveal 26 

eccentricity.  27 

 28 

ABSTRACT: 29 

The macular pigment reflectometer (MPR) objectively measures the overall macular pigment 30 

optical density (MPOD) and further provides the lutein optical density (L-OD) and zeaxanthin 31 

optical density (Z-OD) in the central 1 degree of the fovea. A modification of the technique was 32 

developed to evaluate in vivo carotenoid density eccentric to the fovea. An adjustable track 33 

system with red LED lights was placed 6.1 m away from the participant to facilitate ocular fixation. 34 

Lights were spaced appropriately to create increments of 1 degree retinal disparity during the 35 

reflectometry measurements. All reflectometry measurements were obtained with pupillary 36 

dilation. The mean MPR-MPOD value for the central measurement was 0.593 (SD 0.161) with an 37 

L-OD to Z-OD ratio of 1:2.61. The MPR-MPOD value at 1 degree was 0.248 and the mean MPR-38 

MPOD value at 2 degrees in the parafoveal region was 0.143. The L-OD to Z-OD ratio at 1 degree 39 

and 2 degrees off center was 1.38:1.0 and 2.08:1.0, respectively. The results demonstrate that 40 

MPOD measurements obtained using the MPR decrease as a function of retinal eccentricity and 41 

that there is a higher concentration of zeaxanthin centrally compared to lutein. The L-OD to Z-42 

OD ratio changes with foveal eccentricity, with twice more lutein than zeaxanthin at 2 degrees 43 
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off center. Our technique successfully provides a quick in vivo method for the measurement of 44 

macular pigment optical density at various foveal eccentricities. The results agree with prior 45 

published in vivo and in vitro xanthophyll carotenoid density distribution measurements.  46 

 47 

INTRODUCTION: 48 

Age related macular degeneration (AMD) is a leading cause of blindness and accounts for 8.7% 49 

of blindness worldwide1. Risk factors associated with AMD include increasing age, female gender, 50 

smoking, light iris color, lipid imbalance, lifetime exposure to sunlight and ultraviolet radiations, 51 

systemically lower levels of antioxidants, lower macular pigment optical density (MPOD), 52 

genetics, and race2. Of these, modifiable risk factors are smoking cessation, oral supplementation 53 

of antioxidants, and carotenoids. Carotenoids are natural pigments found in plants and 54 

microorganisms, and efficient antioxidants3. They are produced by photosynthetic organisms; 55 

humans obtain carotenoids from their diet3,4. Macular pigments are composed of three 56 

carotenoids: lutein, zeaxanthin, and meso-zeaxanthin4. The xanthophylls lutein and zeaxanthin5 57 

are found in the retina, specifically the macula, and give the fovea its yellow color6. Higher 58 

concentrations of xanthophylls are observed in the axons of the photoreceptors and inner 59 

plexiform layers of the retina5,7. The intake of carotenoids, like lutein and zeaxanthin, increases 60 

the level of macular pigment. Lutein and zeaxanthin are obtained from dietary intake or with 61 

nutrient supplementation, while meso-zeaxanthin is simply a byproduct of the metabolism of 62 

lutein3,7,8. Lutein and zeaxanthin concentrations differ in the various regions of the retina. 63 

Centrally, in the fovea, zeaxanthin concentration is greater than that of lutein, with a ratio of 64 

2.3:19,10. The concentration of carotenoids decreases 100-fold per mm in the foveal periphery, 65 

where lutein is more prevalent than zeaxanthin, with a ratio of 2.4:19,10. 66 
 67 

The presence of xanthophylls in the retina protects the retinal circuitry, especially in the fovea 68 

and macula, and is critical for central vision. The xanthophylls protect the retina by two possible 69 

mechanisms: 1) filtering blue light and 2) decreasing oxidative stress5,11-13. Blue light scatters the 70 

most in the retina and higher levels of macular pigment centrally absorb the scattered light, 71 

thereby improving vision. Additionally, the blue part of the visible spectrum is composed of high 72 

energy, short wavelengths that can result in the production of excessive amounts of reactive 73 

oxygen species in the retina. Therefore, it is thought that carotenoids reduce the oxidative 74 

burden on the macula by acting as antioxidants in the inner retina and photoreceptor retinal 75 

pigment epithelial complex by quenching these free radicals5,12-14.  76 

 77 

Measurement of retinal carotenoids has larger implications in systemic health. A recent trial 78 

showed that carotenoid therapy improves retinal function in diabetics without any alterations to 79 

blood glucose levels15. The levels of carotenoid density in the retina are also strongly correlated 80 

with the levels in the brain16. Carotenoid levels may be crucial in the developmental years17,18, 81 

and levels in the brain decline with age19. The MPOD levels are related to neuroprotection and 82 

neural efficiency in both children and the elderly20, 21. Thus, there is a need to measure MPOD 83 

and its characteristics clinically. This will play a role in diagnosis, management, and treatment of 84 

various ocular and systemic conditions7,15-21. 85 

 86 



The current commercially available MPOD measuring technologies are heterochromatic flicker 87 

photometers (HFP), which are based on psychophysical testing. These measure a 1 degree patch 88 

on the fovea, which amounts to a ~0.30 mm diameter circle22. While these types of devices have 89 

been shown to be reliable, they are limited by their subjective nature, are time consuming to use, 90 

and are unable to distinguish the individual quantities of xanthophylls that form MPOD13,22-24. 91 

The macular pigment reflectometer (see Table of Materials), also referred to as a reflectometer 92 

(see Figure 1), addresses these limitations by objectively measuring the MPOD and its individual 93 

components of lutein and zeaxanthin (xanthophylls)25. The reflectometer utilizes a UV/IR filtered 94 

and collimated quartz halogen source to send a controlled light beam to the retina (see schematic 95 

Figure 2) and the internal filters absorb most of the radiation produced. Therefore, there is little 96 

to no risk of radiation exposure for the participant. The various chromophores and structures in 97 

the human eye and the corresponding absorption and reflectance patterns are well described in 98 

the literature26-28. Analysis of the reflected light processed by the internal spectrometer allows 99 

for the quantitative isolation and measurement of lutein and zeaxanthin optical densities (L-OD, 100 

Z-OD) along with overall MPOD. The third retinal carotenoid meso-zeaxanthin is spectrally 101 

indistinguishable from zeaxanthin and thus the Z-OD represents a combination of both 102 

carotenoids29. Prior work has shown reflectometry to be reliable when measuring central L-OD, 103 

Z-OD, and MPOD25,29.  104 

 105 

The purpose of the current study is to create a technique that can be utilized to produce in vivo 106 

estimates of zeaxanthin and lutein levels in the foveal and parafoveal retinal regions in humans. 107 

Additional aims are to compare the findings to previously published laboratory and histology 108 

results14,29. The approach developed and described in this manuscript and its utilization alongside 109 

reflectometry to measure the perifoveal MPOD is novel. This technique can be used with any 110 

existing reflectometry unit without major modification to measure retinal levels of individual 111 

carotenoids, such as L-OD and Z-OD, at various foveal and parafoveal locations.  112 

 113 

The study presented in this manuscript includes eight participants ranging from 22–29 years of 114 

age. Our methods include first conducting a routine ophthalmic examination to ensure that the 115 

study participants meet the inclusion criteria. After obtaining informed consent, each study 116 

participant underwent the following four tests: 1) a commercially available heterochromatic 117 

flicker photometer device was utilized to obtain a central MPOD measurement; 2) a 118 

reflectometer device was utilized to obtain two central measurements; 3) using the same 119 

reflectometer device in conjunction with the peripheral track system, measurements of 120 

carotenoid levels at a 1 degree eccentricity, that is a 0.30 mm diameter circle, was centered at 121 

0.30 mm from the central fovea; 4) using the same set-up, carotenoid levels at a 2 degree 122 

eccentricity, a 0.30 mm diameter circle placed at the edge of the fovea (a parafoveal region), 123 

were also measured. 124 

 125 

The MPR measurements were performed after dilating each participant’s pupil with 1% 126 

tropicamide ophthalmic drops. It is known that pupillary dilation is not needed to obtain MPOD 127 

values using reflectometry, but it may improve the repeatability of L-OD and Z-OD 128 

measurements25,29. This is possibly due to the fact that measurements obtained from the retina 129 

using the reflectometer had better signal-to-noise ratio when the pupils were dilated. For the 130 



accurate and stable peripheral reflectometry measurements, participants used fixation targets 131 

that were placed at optical infinity30,31. 132 

 133 

We obtained reflectometer measurements for 30 s and discarded the first 10 s of data. This 134 

procedure has two advantages: 1) the signal source is bright and allows for the eyes to adapt and 135 

adjust to the task; and 2) most importantly, the photoreceptor pigment bleaches during the first 136 

10 s. Therefore, eliminating the first 10 s of measurement allows for a more stable and accurate 137 

signal29. We performed all reflectometry tests twice in the present study, after which we 138 

averaged the measurements to obtain mean MPOD, L-OD, and Z-OD values and the ratio of Z-139 

OD/ L-OD for each participant.  140 

 141 

PROTOCOL: 142 

 143 

All subjects were recruited at a single site, the Western University of Health Sciences. The study 144 

was approved by the institutional review board at Western University of Health Sciences, 145 

Pomona, California, USA, and conducted in accordance with the tenets of the Declaration of 146 

Helsinki. Prior to participation all participants were given a detailed explanation of the study 147 

and signed an informed consent form before any standard ophthalmic evaluation was carried 148 

out. 149 

 150 

1. Participant recruitment 151 

 152 

1.1. Include participants that are at least 18 years of age and have a visual acuity of 20/40 or 153 

better.  154 

 155 

1.2. Include participants with clinically insignificant conditions like cataracts, isolated drusen, 156 

posterior vitreous detachment, familial drusen in periphery, and peripheral retinal conditions, 157 

such as lattice degeneration, or retinal pigment epithelial defects. Ensure that the participants 158 

have normal binocularity and that they do not have suppression32.  159 

 160 

1.3. Accomplish this by the administration of a suppression test32. This is a crucial step because 161 

in the absence of normal binocularity, participants will not be able to recognize the fixation 162 

target and measurement of light source simultaneously and thus would confirm the 163 

appropriate location of measurement in the fovea and parafoveal regions. 164 

 165 

1.4. Exclude all participants less than 18 years of age, with visual acuity worse than 20/40, with 166 

retinal damage in the macula region (central part of the retina), glaucoma, diabetic retinopathy, 167 

hemorrhage, severe cataract, or vitreous opacities preventing ophthalmic imaging or MPR 168 

measurements.  169 

 170 

1.5. Exclude participants who are unable to perform the measurements using heterochromatic 171 

flicker photometry or reflectometry, those for whom the devices are unable to provide MPOD 172 

values, or those with ocular suppression.  173 

 174 



2. Creating the peripheral track system (Figure 3) 175 

 176 

2.1. Obtain a slidable track with an approximately 1 m (3.5 feet) long aluminum rail that 177 

contains a hollow indent with space for a slidable track, such as a door weather strip. 178 

 179 

2.2. Mount the track 6.1 m (20 feet) from the subject seated at the MPR for the reflectometry 180 

measurements to be performed. Ensure that the track is 1.5 m off the ground to be at the same 181 

height as the participant’s eye during the reflectometry measurement. 182 

 183 

2.3. Mount three 1 cm x 1 cm remote controlled LED lights on the slidable track so that the 184 

centers of the lights are spaced 10.7 cm away from each other.  185 

 186 

NOTE: The 10.7 cm signify each degree and was determined because each LED light is 6.1 m 187 

away from the participant. The distance of 6.1 m (~20 feet) is the minimum distance to obtain a 188 

true optical infinity, but if a track system is created at a further distance, the distance between 189 

each LED light would change and a new distance would have to be calculated trigonometrically. 190 

(See Table 1). If fewer than 6 m are utilized, pupillary dilation is advisable to minimize the 191 

ocular accommodation. 192 

 193 

3. Measurements using a heterochromatic flicker photometer  194 

 195 

NOTE: This step is for additional data collection and is not essential for peripheral 196 

measurements using the reflectometer. 197 

 198 

3.1. Instill artificial tears in both eyes, ask the participant to blink a few times, and patch the eye 199 

that is not being tested. 200 

 201 

3.2. Explain the procedure to the participant. 202 

 203 

3.3. Instruct the participant to look at the central fixation target of the heterochromatic flicker 204 

photometer visible through the eyepiece and to press the clicker each time they observe the 205 

target flickering. Ensure that the fixation target flickers a total of five times to determine the 206 

initial threshold. 207 

 208 

3.4. View the results of the initial threshold and remind the participant to click the button each 209 

time the central fixation target flickers as the test continues for 45 s to 1 min.  210 

 211 

3.5. A graph and MPOD value will appear on the control monitor along with a reliability index. 212 

Ensure that “acceptable” is displayed on the reliability index. Repeat the test if results indicate 213 

“borderline” or “unacceptable” until an “acceptable” reliability index is obtained.  214 

 215 

3.6. Click on the next green arrow that appears on the control monitor once the participant has 216 

finished the test to save the results.  217 

 218 



4. Central measurement procedure using the reflectometer 219 

 220 

NOTE: The subsequent steps will lead to the measurement of individual carotenoids. This is 221 

performed using the reflectometer. The central measurements need not be performed to 222 

measure peripheral measurements with the reflectometer. However, the central 223 

measurements are important for clinical use. 224 

 225 

4.1. Input the participant information into the reflectometer software. 226 

 227 

4.2. Click the Run Eye Test tab. 228 

 229 

4.3. White Calibration 230 

 231 

NOTE: This is a pivotal step in the calibration of the spectrometer within the reflectometer 232 

device to full spectrum white sample. This is performed once a day when the device is turned 233 

on by the technician. A participant is not needed for this step. 234 

 235 

4.3.1. Click the White button next to Calibrate. 236 

 237 

4.3.2. Insert the white calibration tube onto the reflectometer after the message instructing the 238 

user to insert the “white calibration tube” is displayed on the screen.  239 

 240 

4.3.3. Click OK once the white calibration tube is inserted to begin the white calibration. Ensure 241 

the Black button next to Calibrate has been enabled after the White Calibration Successful 242 

message has appeared on the screen. 243 

 244 

4.4. Black Calibration 245 

 246 

4.4.1. Instill a drop of artificial tears into the participant’s eyes and have them place their chin 247 

onto the chin rest. 248 

 249 

4.4.2. Instruct the participant to place their eye close to the eye cup. Using the joystick, gently 250 

position the system so the eye cup presses against the participant’s eye socket and blocks the 251 

room light from the system. 252 

 253 

4.4.3. Click the Black button to select Calibrate and align the system to the participant’s pupil. 254 

Proper alignment is achieved when the pupil is centered in the circle displayed on the touch 255 

screen monitor. 256 

 257 

4.4.4. Instruct the participant to adjust the rotating knob on the front of the system to obtain a 258 

clear target. 259 

 260 

4.4.5. Click OK once the participant has properly adjusted the system to their vision. The system 261 

will automatically carry out a black calibration sequence. Once black calibration has been 262 



successfully completed, the Left Eye and Right Eye buttons will be enabled, and a Black 263 

Calibration Successful message will appear on the screen.  264 

 265 

4.6. Start of measurement 266 

 267 

4.6.1. Click the Left Eye or Right Eye button on the screen depending on which eye is being 268 

measured. 269 

 270 

4.6.2. Ensure that the system displays the message Align System to Subject's Eye. Ensure that 271 

the system is aligned to the participant's pupil. Use the joystick to make fine adjustments. 272 

 273 

4.6.3. Click the OK button on the screen to start the MPOD measurement. The measurement 274 

time is 30 s. A minimum of 10 s is needed to obtain the parameters/results. A countdown timer 275 

will appear on the top of the screen displaying how much time is left for the measurement. Ask 276 

the participant to look at the fixation light and encourage them to only blink when necessary.  277 

 278 

4.6.4. Use the joystick during the measurement to ensure the system stays in alignment with 279 

the participant’s pupil.  280 

 281 

4.6.5. Ensure the system displays a message stating Measurement Successful once the 282 

measurement is completed.  283 

 284 

4.6.6. Click the OK button to finish. 285 

 286 

4.6.7. Repeat steps 4.4–4.6.6 to test the other eye if needed. The entire process takes about 2–287 

3 min. 288 

 289 

NOTE: To repeat the measurement on the same eye wait at least 30 s then repeat steps 4.6–290 

4.6.6. 291 

 292 

5. Peripheral measurement technique using reflectometer (Figure 3) 293 

 294 

NOTE: The untested eye will fixate on a target allowing for placement of the stimulus at various 295 

eccentricities from the fovea of the tested eye. This methodology requires normal binocularity 296 

to allow for correct positioning of the eye in which the macular pigment optical density is being 297 

measured. 298 

 299 

5.1. Input participant information into the reflectometry software. 300 

 301 

5.2. Click the Run Eye Test tab. 302 

 303 

5.3. Peripheral track calibration 304 

 305 

5.3.1. After the white and black calibration is performed, press the Left Eye or Right Eye button 306 



on the screen depending on which eye is to be measured.  307 

 308 

5.3.2. The system will display a message Align System to the Subject's Eye. Ensure that the 309 

system is aligned to the participant's pupil. Use the joystick to make fine adjustments. 310 

 311 

5.3.3. Turn on the LED light on the track system that is farthest right to the participant. At this 312 

time, the participant should be able to see both the light from inside the reflectometer with 313 

their right eye and the red LED light with their left. 314 

 315 

5.3.4. Instruct the participant to direct the trained observer to adjust the peripheral track until 316 

they can superimpose both stimuli to the best of their ability. 317 

 318 

NOTE: There can be variability between participants on how far their superimposed “calibration 319 

point” is due to anatomical differences. 320 

 321 

5.4. Start of measurement 322 

 323 

5.4.1. Turn off the LED light and switch on the next LED light (to the left) to carry out the next 1 324 

degree eccentric measurement. Explain to the participant that they need to look at the new red 325 

LED light throughout the entire measurement. 326 

 327 

5.4.2. Click the OK button on the screen to start the MPOD measurement. The measurement 328 

time is 30 s. A countdown timer will appear on the top of the screen displaying how much time 329 

is left for the measurement. Ask the participant to look at the appropriate red LED light and 330 

encourage them to only blink when necessary.  331 

 332 

5.4.3. Use the joystick during the measurement to ensure the system stays in alignment with 333 

the participant’s pupil.  334 

 335 

5.4.4. Ensure the system displays a message stating Measurement Successful once the 336 

measurement is completed.  337 

 338 

5.4.5. Click the OK button to finish. 339 

 340 

5.4.6. Repeat steps 5.3.1–5.4.5 to retake a measurement.  341 

 342 

NOTE: The entire process takes about 2–3 min. Two measurements are recommended for each 343 

degree to allow for the comparison. To repeat measurements at a different retinal eccentricity, 344 

change the degree separation in step 4.8. 345 

 346 

6. Analysis (Figure 4) 347 

 348 

6.1. Make a copy of the file to be analyzed.  349 

 350 



NOTE: The file analyzed was generated in steps 4.6.6 and 5.4.5. This step is not essential but 351 

allows for various analyses performed without altering the original data. 352 

 353 

6.2. Open the reflectometry software on the desktop. 354 

 355 

6.3. Click Import on the left side of the application and choose the copied file to be opened.  356 

 357 

6.4. Click Edit under the Subject Record tab. A new window will open. This will help obtain data 358 

from the desired time interval. 359 

 360 

6.5. Move the bottom slide bar up from 0 to 10 to eliminate the first 10 s of measurement.  361 

 362 

NOTE: The slide bar should read 10–30. These slide bars can move up or down to choose the 363 

desired time interval to analyze. (see Figure 4). 364 

 365 

6.6. Click the Exit button on the left side of this window. A warning window will pop up. Select 366 

OK to confirm the interval cuts. 367 

 368 

6.7. Click Launch Analyzer on the bottom left of the program (see Table of Materials). A new 369 

window will open. 370 

 371 

6.8. Click Best Fit at the bottom of the page. This will populate the first set of data, including L-372 

OD and Z-OD. 373 

 374 

6.9. Record the data. 375 

 376 

6.10. Click Reset to select another analysis option.  377 

 378 

6.11. Select Macular Pigment under the Receptor Model options. 379 

 380 

6.12. Click Best Fit to populate the second set of data, including MPOD. 381 

 382 

6.13. Click Save Solution to save this interval. 383 

 384 

REPRESENTATIVE RESULTS: 385 

This study included eight participants ranging from 22–29 years of age. Table 1 describes how to 386 

calculate the distance to obtain each degree of eccentricity from the center of the macula. Table 387 

2 provides the demographics of the participants. The study sample includes an equal number of 388 

males and females with a wide variety of ethno-racial diversity. Table 3 shows the mean results 389 

of MPOD obtained by both the devices and L-OD and Z-OD of all participants involved in the study 390 

at various eccentricities. The mean MPOD and standard deviation obtained by the 391 

heterochromatic flicker photometer and the reflectometry technique was 0.480 (SD 0.14) and 392 

0.593 (SD 0.161) respectively. There was excellent correlation between the MPOD measurement 393 

obtained using the techniques with Person correlation coefficient r = 0.92 (p < 0.001). The Z-OD 394 



was larger centrally compared to the L-OD measured in the foveal region. The L-OD to Z-OD ratio 395 

centrally was 1:2.61. The Z-OD decreased as a function of eccentricity at the center of the fovea. 396 

At 1 degree from the central fovea the concentration of Z-OD measured by reflectometry 397 

decreased significantly, with an increase in L-OD. The L-OD to Z-OD ratio at 1 degree from central 398 

fixation was 1.38:1.0. In the parafoveal region at 2 degrees from central fixation the lutein 399 

became the predominant carotenoid and the L-OD to Z-OD ratio was 2.08:1.0. Tables 4, 5, and 6 400 

show the data obtained from all eight subjects. Examining the tables, it is obvious that there is 401 

significant interindividual variability of L-OD, Z-OD, and MPOD values, indicating that the 402 

physiological limits of normality can be large. 403 

 404 

FIGURES AND TABLES: 405 

Figure 1: Macular pigment reflectometer. Macular Pigment Reflectometer used in this 406 

experiment. 407 

 408 

Figure 2: Macular pigment reflectometer operational schematic. Diagram of the internal 409 

operational schematics of the MPR device. 410 

 411 

Figure 3: Peripheral measurement track system. (A) The macular pigment reflectometer with 412 

the peripheral track system 6.1 m away. (B) The track system with a researcher pointing at the 0 413 

degree LED light. (C) The whole system as it would appear when the participant is being tested. 414 

(D) The track system with the 1 degree LED light on. 415 

 416 

Figure 4: Window showing slide bars used for editing measurements to desired time. The slide 417 

bars used to edit the desired time frame. The image shows the first 10 s being removed. 418 

 419 

Table 1: Separation between fixation lights at various distances from target. The distance 420 

between the lights is the value for  in this equation: 421 

 422 
where d is the test distance. 423 

 424 

Table 2: Demographics of participants of the study. Table shows the age, gender, and ethnicity 425 

of the tested participants. The average age of the participants was 26. There was a 1:1 ratio of 426 

men to women. The self-identified ethnicity of the participants included 50% Hispanic and about 427 

37.5% of either Asian or More Than One Race. 428 

 429 

Table 3: Mean values of carotenoids at various eccentricities. The table shows the mean results 430 

from the eight participants in the study. SD for mean central L-OD (0.188) and mean central Z-431 

OD (0.142). SD for Mean Central MPOD of MPR (0.161) and SD for Mean Central MPOD of the 432 

reflectometer (0.14). SD for mean L-OD at peripheral 1 degree (0.224) and mean Z-OD at 433 

peripheral 1 degree (0.122). SD for mean MPOD of MPR at peripheral 1 degree (0.248). SD for 434 

mean L-OD at peripheral 2 degree (0.366) and SD for mean Z-OD at peripheral 2 degree (0.030). 435 

SD for mean MPOD of MPR at peripheral 2 degree (0.143). 436 

 437 



Table 4: Individual carotenoid optical density measurements obtained at central fixation. Table 438 

shows the measurements obtained at central fixation for all eight participants.  439 

 440 

Table 5: Individual carotenoid optical density measurements obtained at 1 degree from central 441 

fixation. Table shows the measurements obtained at 1 degree from central fixation for all eight 442 

participants.  443 

 444 

Table 6: Individual carotenoid optical density measurements obtained at 2 degrees from 445 

central fixation. Table shows the measurements obtained at 2 degrees from central fixation for 446 

all eight participants. 447 

 448 

DISCUSSION: 449 

Our study illustrates the technique and methodology to perform in vivo MPOD measurements at 450 

various foveal and parafoveal regions using a reflectometer device. We developed and calibrated 451 

a peripheral track system to obtain measurements at 1 degree and 2 degrees from the central 452 

fixation. Our study results show that MPOD, L-OD, and Z-OD can be measured at various foveal 453 

and parafoveal regions using this protocol at optical infinity. The protocol could be adapted for 454 

shorter distances when lengthy rooms are not available in a clinic. In that case, however, pupillary 455 

dilation will be necessary to control active accommodation (see Table 1).  456 

 457 

There are two critical steps when performing this experiment: 1) the 0 degree calibration and 2) 458 

the black calibration. When using the peripheral track system to measure MPOD and its 459 

constituents off-center, the external fixation for the 0 degree calibration or foveal measurement 460 

is of utmost importance. If the participant whose eye is measured does not understand this 461 

procedure or cannot perform the necessary steps, the measurements will be compromised and 462 

erroneous. The black calibration is also critical because it allows the MPR to establish a baseline 463 

spectrometer measurement when no light is present, which the device then compares to all 464 

values obtained from the subject. Therefore, the black calibration is a must for every participant.  465 

 466 

Our study results indicate that the central MPOD levels match data from previous published 467 

experimental and histological studies7,10,14. Furthermore, we found that the levels for MPOD 468 

decline with increasing retinal eccentricity, with MPOD values being greater at the foveal 469 

compared to the parafoveal region. The lutein and zeaxanthin levels also vary at different retinal 470 

locations with the lutein and zeaxanthin ratios changing as a function of eccentricity. We found 471 

central L-OD and Z-OD ratios of 1:2.6, which changed to 2.08:1 at 2 degrees from central fixation. 472 

This is consistent with reports from previous studies10, 29. We found that the lutein and zeaxanthin 473 

levels showed considerable interindividual variation. Prior in vivo laboratory experiments have 474 

evaluated only three subjects and there is limited information in this area29. If the significant 475 

interindividual variation of levels of carotenoids is correct, then this would support the need to 476 

obtain baseline measures of carotenoids and tailoring individual supplements. Further research 477 

will be needed to confirm this finding of high interindividual variability of lutein and zeaxanthin 478 

levels in healthy individuals. Prior publications and work with this MPR device show that 479 

repeatable measurements can be obtained for MPOD in both undilated and dilated pupillary 480 

conditions, although the repeatability of L-OD and Z-OD measurements was improved when 481 



pupils were dilated25. In the present study, we performed all MPR measurements with dilated 482 

pupils. Given that the carotenoid levels are lower at the foveal periphery and parafoveal region, 483 

it may be essential to dilate the pupil for consistent signal strength and reliable peripheral 484 

measurements. 485 

 486 

We tried various methods, and ultimately developed and tested our track system. It proved to 487 

be the most effective way to achieve reliable results. The system was tested by examining three 488 

participants multiple times to see if similar outcomes could be achieved with each attempt. This 489 

included measuring the participants on three separate occasions over a two-month period. Other 490 

methods attempted included modifying the reflectometry eyepiece by creating a cover with 491 

precut slits at 0, 1, and 2 degrees off center. This technique proved ineffective because the slits 492 

were too close together for a subject to adequately distinguish.  493 

 494 

There are several limitations in this study. The study requires that the subjects have normal 495 

binocularity. This ensures that the subject will be able to fixate on the target while the other eye 496 

is being measured. Subjects who do not meet this criterion will be unable to comply with the 497 

instructions, will not fixate properly while engaging the stimulus, and cannot be measured 498 

successfully using this technique. The track system was reliable, but its limitations could be 499 

addressed in future studies. The protocol could be improved by having built-in red LED fixation 500 

lights with part of a Badal optometer system as a part of the reflectometer. This would allow the 501 

participant to fixate at the desired eccentricity with the eye being measured with appropriate 502 

accommodation of lens. 503 

 504 

At the present time, there are no alternative techniques to measure in vivo L-OD and Z-OD. 505 

However, alternative devices that measure MPOD exist. One such device is the heterochromatic 506 

flicker photometer used in this study. The heterochromatic flicker photometer employs a 507 

psychophysical method of testing and cannot determine individual lutein and zeaxanthin values. 508 

The central MPOD measurements obtained using a heterochromatic flicker photometer were an 509 

average of 0.11 lower than those obtained by the MPR device with a standard deviation of 0.16. 510 

The MPOD measurement obtained using both the techniques had excellent correlation as 511 

reported previously25.  512 

 513 

Although the current study has a small sample size, its purpose was to prove the concept that 514 

peripheral measurements of zeaxanthin and lutein optical density can be obtained using a 515 

reflectometry device. To our knowledge, other in vivo studies have had significantly smaller 516 

sample sizes than the sample utilized in this study. Therefore, we are confident that our results 517 

demonstrate that in vivo carotenoid density can be measured at the foveola, foveal periphery, 518 

and parafoveal region using a reflectometer. Our study sheds further light on how zeaxanthin 519 

and lutein levels are distributed in the central and peripheral macular regions within the human 520 

retina. Because we found a remarkable variation of the values among our study participants, 521 

larger studies both in vivo and in vitro are needed to better understand lutein and zeaxanthin 522 

distribution, levels, and ratios within the general population. 523 
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Test 

distance 

[m]

3 4 5 6.1 7 8 9

Distance 

between 

lights [m]

0.052 0.07 0.087 0.107 0.122 0.14 0.157
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Subject Age Gender Ethnicity Race

3002 27 F Hispanic Caucasian/More than one race

3003 28 F Hispanic None

3004 26 F Not Hispanic African American

3005 24 M Hispanic Asian/More than one race

3006 27 M Not Hispanic Asian

3007 25 F Not Hispanic African American

3009 29 M Hispanic Caucasian/More than one race

3010 22 M Not Hispanic Asian
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Mean L-OD Mean Z-OD

Mean-

reflectometry 

MPOD

Mean Z-L Ratio

Mean-Flicker 

photomettry 

MPOD

Central 0.247 0.425 0.593 2.61:1 0.48

Peripheral 

1 deg
0.402 0.122 0.248 1:1.38

Not available

Peripheral 

2 deg
0.366 0.03 0.143 1:2.08

Not available
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Participant L-OD Z-OD MPOD Z-L Ratio MPS

3002 0.525 0.409 0.669 0.778 0.58

3003 0.566 0.415 0.6525 0.733 0.48

3004 0.1615 0.291 0.437 1.793 0.437

3005 0.121 0.414 0.555 3.432 0.555

3006 0.148 0.724 0.888 4.892 0.888

3007 0.074 0.389 0.536 5.257 0.536

3009 0.197 0.26 0.361 1.32 0.361

3010 0.183 0.496 0.642 2.71 0.642
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Participant L-OD Z-OD MPOD Z-L Ratio

3002 0.325 0 0.012 0

3003 0.385 0.08 0.166 0.208

3004 0.121 0.253 0.392 2.091

3005 0.7015 0 0.119 0

3006 0.362 0.286 0.45 0.79

3007 0.104 0.265 0.391 2.548

3009 0.589 0 0.183 0

3010 0.626 0.094 0.273 0.15
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Participant L-OD Z-OD MPOD Z-L Ratio

3002 0.146 0 0.043 0

3003 0.351 0 0.066 0

3004 0.063 0.077 0.169 1.222

3005 0.189 0.017 0.067 0.09

3006 0.902 0 0.291 0

3007 0.04 0.099 0.201 2.475

3009 0.718 0.046 0.232 0.064

3010 0.518 0 0.076 0
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Name of Material/Equipment Company Catalog Number
1-1/4-in x 36-in Silver Under Door Threshold Frost King LLC 77578013947
Black electrical tape 3M Company 054007-00053

LED lights with remote control
Elfeland LLC ELFELANDhoasupic1295

Macular Pigment Reflectometer Zeavision LLC N/A

Quantifeye Macular Pigment Spectromter 2 Zeavision LLC Catalog Number N/A

Ultra Gel Control 4g Super Glue
Henkel AG & 

Company 1405419

Zeavision Proprietary Reflectometry Software, 

native to Macular Pigment Reflectometer Zeavision LLC N/A
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Comments/Description

Any adjustable strip that can be mounted on a wall will suffice.

Used to adjust fixation light to create a 1cm by 1cm region. 

Any small red fixation LED light with remote control that can be mounted to track will suffice.

 Prototype not available for sale.

Only model available from Zeavision LLC.

Used to fix LED lights to track, but any strong adhesive will suffice.

The software and algorithm are proprietary to Zeavision LLC.
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Manuscript Summary: 
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clarity appear below. The methods and preliminary human data are an important contribution to 

the evolving literature of carotenoid science. 
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We Don’t have the word created we just call it our technique. It is new and this is not a 

modification of an existing technique. 

 

49 'in the diet or with nutritional supplementation' 

There is no line 49 its empty 

 

63 omit 'are' 'and give the' 

The sentence cannot be constructed without “are” 
66-7 simply 'byproduct of lutein metabolism' 

Done 
68 - omit 'the level of' and 'amount' becomes 'concentration' 

Done 

 

72 - remove 'which are' 

Done 

 

73 - remove the macular pigment, simply 

'filtering' and 'decreasing' 

Done 

 

76 'made' becomes 'composed'; 'can cause the' becomes 'results in' 

DONE 

 

78 remove 'may' 

DONE 

 

81 remove 'The' 

Done 



 

83 remove 'its' 

The word its is not present in the line. 

 

84 'individual' becomes 'constituent' 

The word is not present in the line. 

 

85 'the near commercial' becomes 'This ' prototype 

This word is not present in the line 

 

86 utilizes a ' UV/IR filtered and collimated quartz halogen source to transmit….' 

This is Line 98 I think, and we have made the edits. 

 

93 remove 2nd comma 

95 'peripheral' becomes 'perifoveal' 

Word peripheral is not used. 

 

98 'methods' become 'approach' 

This line and the nearby lines does not have this word. 

 

99 'include: conducting' becomes 'first conducted'; 'assure' becomes 'ensure' 

This is Done but the word conducting was in LINE 118. 

 

100 After informed consent? 

Done in line number119 

 

104 omit ' Using the ' The new Quantifeye MPR….' 

There is no word QuantifEye MPR in the entire manuscript. 



 

110 ' all measurements obtained using' becomes 'The MPR was performed…' 

This was in line 129  I think. 

 

116 remove 'the' and 'discarded the' becomes 'discarding' 

Line 137 We have made this change…  

 

132 'not clinically significant' becomes simply 'clinically insignificant' 

DONE line 158 

 

142-3 is confusing to the reader 

Do you mean to say 'or provide reliable MPOD readings due to, for example, ocular suppression, 

were excluded ..' ? 

We have changed line 161 and 162 to make this clear. 

 

152 remove ' where the participant will sit to use the' and substitute ' from the subject seated at 

the MPR' 

Done in line 183 

 

153 'level' is 'height' 

Done line 185 

157 'are spaced 10.7 cm apart' 

Done line 189 

 

173 'central fixation target' 

177 'and instruct' becomes 'instructing' 

These two lines are correct and appropriate and I have not made any changes. 

 

181 'will appear along' becomes 'displays'; 'is displayed' becomes 'appears' 

184 obtain 'an' acceptable 



These two lines are correct and appropriate and I have not made any changes. 

 

201 'will display' becomes 'displays' 

We think this line is fine and appropriate 

 

271 'next to' becomes 'to select' 

Line 259 is changed 

 

322 'is due to' 

Line 327 already reads this 

 

412 'from' becomes 'at' 

Done in Line 405 

436 'is a proof of concept to show' becomes simply 'illustrates' 

DONE line 458 

 

441 'of' becomes'for' 

Done line 477 

 

455 'interindividual' is simply 'individual' 

Line 487 We feel the word inter-individual is better as it clarifies the fact that we are comparing 

between people. 

 

456 say 'between - individual' for clarity; true, then 

The word inter-individual is appropriate for scientific discussion 

 

459 omit the word'prototype' 

Done in line 488 



 

473-4 'on the inside of' becomes simply 'within' 

The word insideis only used once in the entire manuscript and not is lines 400 and above. 

 

 

Reviewer #4: 

 

I think that the main purpose of this manuscript is the introduction of a new method to measure 

MPOD at 1 and 2 degree eccentricities by reflectomer and the authors measured MPOD with 

eight subjects and compared the obtained result with the previous results in order to prove the 

correctness and usefulness of this method. This reviewer can understand what the authors want 

to mention in this manuscript because this is my second time to read and I have read the authors' 

reply to other reviewers, but I guess it should be difficult for the first-time reader to understand 

what the authors want to mention. First, this comes from the atypical structure of this manuscript. 

There is no Material and Methods description. I understand that the main point of this journal is 

introduction of methodology, but still method is needed. There are no captions in the tables and 

figures. Second, results and discussion are confusing. Discussion is too redundant and it included 

description that is not related to the main purpose of this manuscript. 

Overall, the study itself seems appropriate, but the manuscript writing is immature. 

 

Minor criticisms: 

 

1. Line 38,39. There are two words "MPR MOOD" and "reflectmetry MPOD". Is there any 

difference. There is no explanation of the abbreviation of "MPR". 

Changed as suggested in line 39 

 

2. line 66. Please confirm whether reference 5 is correct or not. 

We have removed the reference 5 from the line 66 

 

3. From line 118 to143. This part is not appropriate for Introduction. This should be in Material 

and Methods. 

As suggested by reviewer and as instructed by the journal format there is no materials and 

methods 

  

4. Line 195. There is no 3.1. 

3.1 is line number 202 

 

5. Line 408. FIGURUS and TABLES Figure legends usually come to the last part. 



Figures and tables are and legends are submitted as per the journal request. 

 

6. Title of the table should be written at the head of each table. 
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7. Line 458. I can't find the results to prove this description. 
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