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Abstract 

Background: Lutein (L) and zeaxanthin (Z) are dietary carotenoids that are selectively 

taken up into the macula of the eye (macular pigment density, MPD) where they are 

believed to function as antioxidants and blue light filters. A variety of scientific evidence 

supports a role for L and Z in visual and cognitive health. Given that MPD, which can be 

easily measured non-invasively, may be considered to be a long term measure of L/Z, 

understanding factors that relate to this measure is important.   

Objective: To assess: 1) seasonal variations and day length affects on MPD after 

consideration of other factors that may affect MPD (dietary L and Z, serum L/Z, body 

mass index (BMI; kg/m2), and blood lipid levels); 2) seasonal differences in the 

relationships among measures of L/Z status (diet, serum, MPD) and; 3) variability among 

the measures of L/Z status. 

Methods: Subjects (n=162) were adults from the Boston, MA area. Dietary L/Z was 

assessed using a questionnaire containing the major sources of these carotenoids. Serum 

L/Z was measured using standard lipid extractions and high performance liquid 

chromatography. MPD was assessed using heterochromatic flicker photometry. All 

statistical analyses were completed using SAS 9.3. 

Results: There were no seasonal differences measured for MPD. Similarly, there were no 

seasonal differences for L/Z intake or serum concentrations. However, the relationship 

between diet and serum L/Z was positively and significantly relatedion in the spring and 
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summer and the relationship between serum L/Z and MPD was significant in the fall and 

winter. The variability of the data was greatest for L/Z intake and least for MPD.  

Conclusions: In the evaluation of the evidence to supportFor studies that evaluate a role 

for MPD L and Z in visual and cognitive health and suggests that the time of the year in 

which studies are conducted may not be a concern for the study design. Certain measures 

of L/Z intake may be correlated differently during different times of the year. MPD is the 

best measure for long term L/Z intake status, whereas serum L/Z may be a good proxy 

for MPD during certain times of the year.  
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Abstract 

Background: Lutein (L) and zeaxanthin (Z) are dietary carotenoids that are selectively 

taken up into the macula of the eye (macular pigment density, MPD) where they are 

believed to function as antioxidants and blue light filters. A variety of scientific evidence 

supports a role for L and Z in visual and cognitive health. Given that MPD, which can be 

easily measured non-invasively, may be considered to be a long term measure of L/Z, 

understanding factors that relate to this measure is important.   

Objective: To assess: 1) seasonal variations and day length affects on MPD after 

consideration of other factors that may affect MPD (dietary L and Z, serum L/Z, body 

mass index (BMI; kg/m2), and blood lipid levels); 2) seasonal differences in the 

relationships among measures of L/Z status (diet, serum, MPD) and; 3) variability among 

the measures of L/Z status. 

Methods: Subjects (n=162) were adults from the Boston, MA area. Dietary L/Z was 

assessed using a questionnaire containing the major sources of these carotenoids. Serum 

L/Z was measured using standard lipid extractions and high performance liquid 

chromatography. MPD was assessed using heterochromatic flicker photometry. All 

statistical analyses were completed using SAS 9.3. 

Results: There were no seasonal differences measured for MPD. Similarly, there were no 

seasonal differences for L/Z intake or serum concentrations. However, the relationship 

between diet and serum L/Z was positively and significantly related in the spring and 

summer and the relationship between serum L/Z and MPD was significant in the fall and 

winter. The variability of the data was greatest for L/Z intake and least for MPD.  



   

Conclusions: For studies that evaluate a role for L and Z in visual and cognitive health 

the time of the year in which studies are conducted may not be a concern for the study 

design. MPD is the best measure for long term L/Z intake status, whereas serum L/Z may 

be a good proxy for MPD during certain times of the year.  

  



   

Introduction 

The relationship between dietary antioxidants and visual and cognitive health 

throughout the lifespan is being recognized. An increasing body of research supports a role 

for the xanthophyll carotenoids, lutein (L) and zeaxanthin (Z), in visual and cognitive 

function (1). L and Z are isomeric carotenoids found in fruits and vegetables, where they 

serve as light modulators and non-photochemical quenching agents during photosynthesis 

(2). Green leafy vegetables and brightly colored fruits are the major sources of dietary L, 

while corn and corn products are the major sources of dietary Z (3). When humans 

consume these foods, the L and Z are then transported through the serum on cholesterol 

containing lipoproteins, primarily high-density lipoproteins (HDL) (4); thus, serum 

concentrations of L and Z are considered to be good biomarkers of their dietary intakes (5). 

From the circulation, these carotenoids, to the exclusion of all other carotenoids, are 

transferred into the human macula of the retina, where they are believed to be particularly 

important for visual health and function (2). The macula is centrally located in the retina 

and provides sharp, central vision through its light-sensing cells. In the macula, L and Z are 

collectively referred to as macular pigment (6). Macular pigment plays a critical role in 

absorbing potentially harmful blue light (7) and in inhibiting the formation of damaging 

free radicals through its antioxidant capacities (6). 

Macular pigment density (MPD) can be easily measured using non-invasive 

methods (8). Numerous studies have shown that increased dietary L intake is correlated 

with greater MPD (9)(10). Studies have found that increasing MPD through L 

supplementation improves visual function during activities such as night driving (11), long-

term computer display light exposure (12), visual proofreading tasks (13), and glare 

function tests (14). Additionally, low MPD measures are believe to be a risk factor for 

developing Age-Related Macular Degeneration (AMD) (15). AMD is a common eye 

condition and a leading cause of vision loss among people age fifty and older (16).   As the 

disease progresses, the central vision blurs and blind spots may develop. Research has 

shown that supplementation with L plus other antioxidants decreases the progression to late 

stages of AMD for those with lower L intakes. (18). Therefore, MPD may be an important 

screening tool to identify those at risk for visual impairment.  
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Because the eye is an extension of the neural system, L and Z are also increasingly 

recognized as having a role in cognitive function (19). MPD can serve as a biomarker for L 

levels in the brain (20)(21). Similar to the retina, L is preferentially taken up into brain 

tissue (22). Furthermore the greater proportion of L relative to the total carotenoids in the 

pediatric brain compared to adult brain suggests a significant role for L in neural 

development as well improved cognitive function (22)(23).  

As mentioned above, serum L and Z and MPD reflect dietary L and Z intake 

(9)(22).  A variety of data support seasonal variations in blood lipid levels, with these 

changes being more pronounced in women than in men (25)(26). Although maximum 

seasonal amplitudes have varied widely, many have found that mean serum lipid values 

peak in the winter and trough in the summer (25)(27).  These studies conclude that the 

increase in lipids during the winter season are still significant after correcting for diet and 

exercise, indicating that there may be other physiological mechanisms at work such as 

seasonal changes in: light exposure, plasma volumes (26), hormones (28), and lipoprotein 

lipase activity (an enzyme involved in lipoprotein metabolism) (28).  
 

Furthermore, seasonal variations in lipid levels could potentially cause seasonal 

variations in certain chronic diseases associated with high cholesterol and triglyceride 

levels. Several studies found that cardiovascular risk factor levels tended to be higher in 

winter and lower in summer months (29)(30). Other studies found a similar winter-summer 

difference in the prevalence cardiovascular-related risk factors and diseases including 

fibrinogen concentrations (31), metabolic syndrome (32), and dyslipidemia (33). In 

addition to cardiovascular disease, the diagnosis of acute myocardial infarction and type II 

diabetes also showed seasonal variations where more people were diagnosed in the winter 

and less people were diagnosed in the summer (34)(35). This seasonal variability in serum 

lipid values and prevalence of risk factors may need to be considered in the prevention and 

the clinical diagnosis of treatment of patients with these particular chronic diseases. 
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Statement of Purpose 

Given that L and Z are found exclusively on lipoproteins in the circulation, there 

may be seasonal variations in their concentrations that are not explained by diet alone. 

Consequently, there may be associated seasonal variations in MPD. Also, it is reasonable to 

believe that sunlight can be damaging to the eyes, suggesting the day length may be a 

factor in determining MPD levels. In this present study, seasonal variations of MPD after 

consideration of dietary L and Z and day length in addition to time of year, body mass 

index (BMI; kg/m2), and blood lipid levels will be assessed. The ultimate goal is to 

understand the dietary, biological, and environmental factors related to MPD. This will aid 

in better understanding the role of L, Z, and MPD in visual and cognitive health.  
 

Research Questions 

1. How do concentrations of dietary L and Z intake change with seasonal variations 

after accounting for BMI? 

2. How do concentrations of serum L and Z change with seasonal variations after 

accounting for BMI, gender, total serum cholesterol, and diet?  

3. How do concentrations of MPD change with seasonal variations? 

4. Does the correlation differ between measures of L/Z status change with season? 

5. Does the variability of data differ among measures of L/Z status (diet, serum, MPD)? 

Hypotheses 

H1: There will be daylight and seasonal variations in dietary L and Z. Dietary L and  

Z intakes will differ with daylight hours and be lower in winter than in summer. 

H2: There will be daylight and seasonal variations in concentrations of serum lutein and 

zeaxanthinL and Z. Serum lutein concentrations will differ with daylight hours and be 

highest in the winter and lowest in the summer. 

H3: There will be seasonal variations in MPD due to seasonal variations in blood lipids. 

MPD concentrations will differ with daylight hours and be highest in the winter (time 

of high blood lipids is in the winter) and lowest in the summer (time of low blood  

lipidslipids is in the summer). 
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H4: The correlation between measures of L/Z status will differ among seasons due to 

seasonal differences in intakes and the time required for dietary L/Z to be taken up 

into the macula. 

H5: Dietary L/Z data, which represents short-term status (day-to-day), will be most 

varied, followed by serum L/Z data, which represents mid-term status (week-to-

week), and MPD data, which represents long-term status (month-to-month) will be 

the least varied. 

Methods and Materials 

This is a cross-sectional study that collected the following demographic 

information: body mass index (BMI;  kg/m2), sex, age, dietary L and Z (mg/d), serum 

concentrations of L and Z (pmol/L), MPD, serum concentration of total cholesterol 

(mg/dL), triglycerides (TG; mg/dL), high-density lipoproteins (HDL; mg/dL), and low-

density lipoproteins (LDL; mg/dL). 

Subjects:   

Baseline data was obtained from 162 subjects from four different nutritional 

interventional studies conducted at the Jean Mayer USDA Human Nutrition Research 

Center on Aging at Tufts University (HNRCA).  The subjects were screened for Land Z 

status by evaluating levels in the diet, serum, and MPD. The subjects were recruited from 

the general population in and around Boston.  

Confidentiality: 

Each screening subject was assigned a study-specific code that was used for all 

sample and data collection.  The code does not contain subject identifiers, and is 

maintained in a password protected computer in a secure office at the HNRCA. All study 

files are kept in a locked cabinet, and the database is encrypted. The study protocol was 

approved by the Human Investigative Review Committee of Tufts University. Informed 

consent was obtained from all subjects. 

 

Dietary Lutein and Zeaxanthin: 
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Dietary L and Z intakes were assessed using a L-Z questionnaire specifically 

designed to target foods containing this carotenoid (unpublished, E J Johnson 

communication Appendix A). This questionnaire was developed by accessing the major 

dietary sources of L and Z in the U.S. diet (3) as determined by the National Health and 

Nutrition Examination Survey (www.cdc.gov/nchs/nhanes).  

Serum Lutein and Zeaxanthin: 

Serum L and Z concentrations were measured on stored samples using standard 

lipid extraction measures cite and high performance liquid chromatography (HPLC). (4) 

Chemicals for Carotenoid Analysis 

HPLC grade methanol and, water, hexane, and 2-propanol were purchased from J. 

T. Baker Chemical Co. (Phillipsburg, NJ). Methyl-tert-butyl ether and ammonium acetate 

was purchased from Sigma-Aldrich (St. Louis, MO). Solvents were passed through a 

0.45-μm membrane filter and will be degassed before use. Echinenone, an internal 

standard and L and Z standards, was a gift from DSM Nutritional Products. All 

carotenoid standards were stored at -70°C. 

Serum Carotenoid Analyses 

Fasting blood samples (5–10 mL) was drawn from the saphenous or femoral vein 

into foil-wrapped tubes under dim light and centrifuged at 800g for 15 minutes to obtain 

serum, which was stored in the dark at -70°C until analysis. 

Serum was prepared for extraction using 150 μL of sample and 0.5 mL 0.9% 

saline. Echinenone, in ethanol, was added as an internal. The mixture was extracted by 

using 2 mL chloroform:methanol (2:1, vol/vol). The mixture was vortexed and then 

centrifuged at 800g for 15 minutes at 4°C. The chloroform layer was removed and 

evaporated to dryness under nitrogen. A second extraction was performed on the mixture 

using 3 mL hexane. The mixture was vortexed and centrifuged as above. The hexane 

layer was combined with the first extraction and evaporated to dryness under nitrogen. 

The residue from serum was redissolved in 150 μL of ethanol, vortexed, and sonicated 

for 30 seconds. A 50-μL aliquot was used for HPLC analysis.   

Reverse-Phase High Performance Lipid Chromatography (HPLC) Analysis 
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Carotenoids were measured using a reversed-phase, gradient HPLC system, as 

previously described (23). The method yields adequate separation of L and Z. 

Carotenoids were quantified at 455 nm by determining peak areas in the HPLC 

chromatograms calibrated against known amounts of standards (Appendix B). 

Concentrations were corrected for extraction and handling losses by monitoring the 

recovery of the echinenone internal standard. The lower limit of detection with this 

method is 0.2 pmol for each carotenoid.   

The reversed-phase, gradient HPLC system consisted of a pump (616 LC; Waters 

Corp., Milford, MA), an autosampler (model 717 plus; Waters Corp.), a C-30 column 

(carotenoids S-3, 4.6 x 150 mm; YMC, Kyoto, Japan) and a detector (model 490E; 

Waters Corp.). This gradient method allowed for adequate separation of L and Z with 

other carotenoids. 

 

 

 

Macular Pigment Density (MPD): 

A non-invasive measure of MPD was used as a measure of L and Z in neural 

tissue (macularmetrics.com). The standardized protocol for measuring MPD by 

heterochromatic flicker photometry (HFP) has been shown to be reliable and safe (8).   

Heterochromatic Flicker Photometry (HFP) 

MPD measurements were made by the psychophysical method of HFP. The 

subject views a small test field superimposed on a blue background. The test field 

alternates between a wavelength (blue or blue-green) that is absorbed by the MP and a 

reference (green to yellow-green) wavelength that is outside the absorption band of MP. 

When the frequency of alternation is chosen correctly, the test field appears to flicker 

(Appendix C). The basic assumption underlying the method is that the spectral 

sensitivities of the visual mechanisms detecting the stimulus in the fovea (area of MP) 

and in the parafovea (area outside of MP) are the same. The blue background and the use 

of flicker are designed to exclude participation of the rods and the S-cones, so that 

detection is mediated only by the L- and M-cones. These cones are thought to be present 

Formatted: Font color: Auto

Formatted: Font color: Auto

Formatted: Font color: Auto

Formatted: Font color: Auto

Formatted: No underline, Font color: Auto, (Asian)
Japanese

Formatted: Font color: Auto

Formatted: Font color: Auto

Formatted: Font color: Auto

http://www.macularmetrics.com/


   

in relatively constant proportions in the fovea and the parafovea, consistent with the 

assumption of uniform spectral sensitivity (42). Nevertheless, differences in visual 

pigment density of cones in the fovea and parafovea can introduce minor differences in 

the spectral sensitivity at the two locations. However, effects on the measurement of MP 

are small (0.05 optical density at 460 nm at 0.5° eccentricity (36) and for present 

purposes can be ignored. 

When making settings, the subject is instructed to adjust the energy of the blue 

test light so that the flicker stops. The amount of blue light that is required to produce this 

flicker null provides a measure of the optical density of MP (MPD) at the retinal location 

of the test light. For the case of a blue test light at the peak wavelength of the MP 

spectrum and a reference wavelength outside the absorption band, MPD = −log10 (R f/R p), 

where R f is the radiance of the blue light needed for a flicker null at the foveal location 

being measured, and R p is the radiance for a flicker null at the reference location in the 

parafovea, where MPOD is negligible. 

Daylight Hour Data Collection: 

Data about daylight hours in Boston, MA was found using the website 

http://www.timeanddate.com/sun/usa/boston. 

Statistics: 

Data are presented as mean + standard deviations. Differences between means 

were determined using one-way ANOVA or ANCOVA. Pearson correlations were used 

to determine relationships among measures of L/Z status. A p value less than 0.05 was 

considered significant. SAS version 9.3 was used for all analyses. 
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Results 

1. Subject Characteristics 

Subject characteristics are given in Table 1. There were 162 total subjects, men 

and women, ranging from ages 23 to 84 years (the elderly population was targeted, with 

an average age of 60.6 years). Fifty-eight percent of the subjects were women. The 

average BMI was 25 kg/m2. The average intake of L/Z was 6.59 mg/d, the average serum 

L/Z concentrations were 112 pmol/L and the average MPD was 0.39. These averages are 

comparable to the US population (24)(39)(40). A trend for a difference was found for 

mean serum LZ levels between males and females (p <0.07); this was taken into account 

when evaluating seasonal variations in serum LZ levels. 

Table 1. Study Population Characteristics 

 

Age 

(years)                        
BMI 1 

(kg/m2)                      
LZQ2 

(mg/d)                   

            

Serum LZ3 

(pmol/L)                        

  

MPD4                           

                      

 

n mean ± SD n mean ± SD n mean ± SD n mean ± SD n mean ± SD 

M 68 59.71 ± 14.16 68 25.82 ± 2.99 48 5.83 ± 6.98 31 103.10 ± 23.79a 63 0.40 ± 0.16 

F 94 61.22 ± 13.83 94 24.46 ± 3.37 70 7.12 ± 6.70 47 117.42 ± 49.47b 87 0.39 ± 0.15 

All 162 60.59 ± 13.95 162 25.03 ± 3.28 118 6.59 ± 6.82 78 111.73 ± 41.62 150 0.39 ± 0.15 

1BMI: body mass index; 2LZQ: lutein and zeaxanthin questionnaire; 3Serum LZ: serum lutein and zeaxanthin; 4MPD: 

macular pigment optical density; a,b trend for a difference between males and females (p <0.07). 
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2. Relationships Among Subject Characteristics 

Correlations among subject characteristics are presented in Table 2. Significant 

correlations (p<0.05) were found for BMI and TG (p=0.00), BMI and HDL (p=0.00), 

total cholesterol and HDL (p=0.00), total cholesterol and LDL (p<0.0001), and TG and 

HDL (p<0.0001). Trends (0.05<p<0.10) were found for total cholesterol and TG (p=0.08) 

and TG and LDL (p=0.06).  

Table 2. Correlations Among Subject Characteristics 

 

BMI1 

(kg/m2)                    

              

Total Chol 2 

(units)                     

  

TG 3 

(units)                        

                    

HDL4 

(units)                          

           

LDL5 

(units)                          

                   

 

n corr p n corr p n corr p n corr p n corr p 

Age 162 0.07 0.38 127 -0.03 0.73 126 -0.02 0.83 109 -0.10 0.30 109 -0.01 0.88 

BMI    

127 -0.01 0.91 126 0.27 0.00* 109 -0.28 0.00* 109 0.01 0.92 

Total 
Chol 

      

126 0.16 0.08** 109 0.33 0.00* 109 0.90 <.0001* 

TG          

109 -0.53 <.0001* 109 0.18 0.06** 

HDL             

109 0.00 0.97 

LDL                

1BMI: body mass index; 2Total Chol: total cholesterol; 3TG: triglycerides; 4HDL: high-density lipoproteins; 5LDL: low-

density lipoproteins            

*Significant correlation (p<0.05)   

**Trend for correlation (0.05<p<0.10) 

 

 

 

 

 

Formatted ...
Formatted ...
Formatted ...
Formatted Table ...
Formatted ...
Formatted ...

Formatted ...

Formatted ...

Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...
Formatted ...



   

 

 

  Formatted: Font color: Auto



   

3. Relationships Among Diet, Serum, and MPD 

The correlation between dietary levels of L with Z was highly significant 

(p<.0001); therefore, they were combined or the dietary LZQ data for the purpose of this 

study. The correlation between serum levels of L and Z was also highly significant 

(p<.0001); therefore, they were combined into Serum LZ for the purpose of this study.  

 The correlation between dietary, serum, and MPD levels of L and Z are given in 

Table 3. A significant correlation (p<0.05) was found for serum LZ and MPD. 

(p=0.002). A trend was found for LZQ and serum LZ (p=0.086). 

Table 3. Correlation Between Dietary, Serum, and MPD levels of L and Z 

 
Serum LZ2                                   MPD3                                    

 
n correl p n correl p 

LZQ 78 0.20 0.086** 118 0.11 0.231 

Serum LZ 
   

78 0.34 0.002* 

1LZQ: lutein and zeaxanthin questionnaire (ug/d); 2Serum LZ: serum lutein and zeaxanthin (umol/L); 3MPD: macular 

pigment optical density     

*Significant correlation (p<0.05)     

**Trend for correlation (0.05<p<0.10) 
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4. Relationships Between Age, BMI, Blood Lipids with Diet L/Z, Serum L/Z, and 

MPD  

 Relationships between age, BMI, and blood lipids and dietary intakes of L and Z, 

serum L and Z, and MPD are shown in Table 4. Significant correlations (p<0.05) were 

found for HDL and LZQ (p = 0.04),  BMI and serum LZ (p=0.02), total cholesterol and 

serum LZ (p<0.0001), HDL and serum LZ (p=0.01), and LDL and serum LZ (p<0.0001). 

There were no significant correlations with MPD. 

Table 4. Age/BMI/Blood Lipids/MPD 

 
LZQ6 

(mg/d)                            

Serum 

LZ7  (pmol/L)                 

               

MPD                              

      

 
n correl p n correl p n correl p 

Age 

(years) 

118 0.099 0.29 78 0.018 0.88 162 -0.049 0.538 

BMI1 

(kg/m2) 

118 0.089 0.34 78 -0.265 0.02* 162 -0.008 0.920 

Total 

Chol2 

(mg/dL) 

118 0.074 0.43 78 0.539 <.0001* 127 -0.080 0.374 

TG3 

(mg/dL) 

118 -0.028 0.76 78 -0.022 0.85 126 -0.036 0.692 

HDL4 

(mg/dL) 

109 0.196 0.04* 78 0.280 0.01* 109 -0.030 0.756 

LDL5 

(mg/dL) 

109 0.066 0.50 78 0.599 <.0001* 109 -0.098 0.311 

1BMI: body mass index; 2Total Chol: total cholesterol; 3TG: triglycerides; 4HDL: high-density lipoproteins; 5LDL: low-

density lipoproteins; 6LZQ: lutein and zeaxanthin questionnaire; 7Serum LZ: serum lutein and zeaxanthin); 8MPD: 

macular pigment optical density     

*Significant correlation (p<0.05) 
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5. Effect of Daylength Differences on Diet (Q1), Serum (Q2), and MPD (Q3) 

There were no significant differences for LZQ, Serum LZ, and MPD during 

different hours of daylight as shown in Table 5.   

Table 5. Effect of Daylength Differences on Diet, Serum, and MPD 

Group 0 1 2 3 

Hours of 

daylight 

9.12 - 9.60 9.84 - 11.04 11.28 - 13.44 13.68 - 15.36 

n 37 38 41 44 

LZQ* 7.77 ± 8.29 8.47 ± 8.28 5.45 ± 5.05 4.77 ± 4.31 

Serum LZ*  317.22 ± 

152.80 

289.38 ± 

157.97 

365.33 ± 

166.56 

327.12 ± 

139.82 

MPD3 0.39 ± 0.15 0.38 ± 0.19 0.39 ± 0.15 0.40 ± 0.14 

*log transformed     

1LZQ: lutein and zeaxanthin questionnaire (mg/d); 2Serum LZ: serum lutein and zeaxanthin (umol/L); 3MPD: macular 

pigment optical density     

**Day lengths were collected based on date. Four categories were created, with group 0 having the shortest day lengths 

and group 3 have the longest day lengths. 
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6. Effect of Seasonal Variations on Diet (Q1), Serum (Q2), and MPD (Q3) 

L/Z intakes, serum L/Z, and MPD during the seasons are shown in Table 6. For 

LZ intake, there were no differences with season. However, there is a trend for higher 

levels of LZ intake in the winter than in the fall (p=0.07). No significant differences were 

found for serum L/Z or MPD.  

Table 6. Effect of Seasonal Variations on Diet, Serum, and MPD 

Season Winter Spring Summer Fall 

Range Dec 1 - Feb 28 Mar 1 - May 31 Jun 1 - Aug 31 Sep 1 - Nov 30 

n 49 35  31 47 

LZQ*  9.38  ± 9.0a 5.15  ± 4.5a,b 5.50  ± 5.36a,b 5.20  ± 5.29b 

Serum LZ*  317.22 ± 152.80 289.38 ± 157.97 365.33 ± 166.56 327.12 ± 139.82 

MPD3 0.38  ± 0.15 0.39  ± 0.12 0.40  ± 0.16 0.39  ± 0.17 

*log transformed     
1LZQ: lutein and zeaxanthin questionnaire (mg/d); 2Serum LZ: serum lutein and zeaxanthin (umol/L); 3MPD: macular 

pigment optical density     

Unshared superscripts have a trend for being different (p <0.07) 
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7. Relationships Among Measures of L/Z Status By Season (Q4) 

Seasonal differences in correlations between diet, serum, and MPD are shown in 

Table 7. LZQ significantly correlated with serum L/Z during the spring and summer 

whereas MPD significantly correlated with serum L/Z during the winter and fall.  

Table 7. Seasonal Differences in Correlations between Diet, Serum, and Macular 

Pigment 

 
Winter (12- 2) Spring (3-5)                      Summer (6-

8)                        

Fall (9-

11)                            

 
n correl p n correl p n correl p n correl p 

LZQ1 

vs 

Serum
2 

15 0.29 0.2944 16 0.53 0.0347* 19 0.52 0.0225* 28 -0.0842 0.6701 

LZQ1 

vs 

MPD3 

37 0.24 0.1525 23 0.26 0.2309 24 0.07 0.7452 34 -0.07909 0.6566 

Serum
2 vs 

MPD3 

15 0.63 0.0118* 16 0.02 0.9414 19 0.28 0.2456 28 0.392357 0.0389* 

1LZQ: lutein and zeaxanthin questionnaire (ug/d); 2Serum LZ: serum lutein and zeaxanthin (umol/L); 3MPD: macular 

pigment    

*Significant correlation (p<0.05) 
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8. Variability of Measures of L/Z Status (Q5) 

 The variability of the various measures of L/Z status is found in Table 8. LZ 

intake had the highest variability (as indicated by the coefficient of variance), indicating 

varied dietary intake of L and Z from day to day. Serum LZ was less varied, indicating 

varied serum levels of L and Z from week to week. MPD had the lowest variability, 

indicating varied MPD levels from month to month.  

 In addition to the relative variability within each of these L/Z measures, 

variability throughout the year is also shown in Figure 1.  The variability throughout the 

year is consistent with Table 9 in which the variability of L/Z intake is greatest and that 

of MPD is the least. 

Table 8. Variability of LZQ, Serum LZ, and MPD 

 

mean SD coefficient of variance 

LZQ 6.59 6.82 1.03 

Serum LZ 326.17 152.51 0.47 

MPD 0.39 0.15 0.38 
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Figure 1. Variability of Diet, Serum, and Macular Pigment 

 

* For the x-axis: the month number begins with January as 1.    

*FUnits for the y-axis: Serum: umol/L (x100); LZQ: mg/d; MPD: optical density 

(x÷ 10). For x-axis the month number begins 

with January as 1. 
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Serum: umol/L (x100), LZQ: mg/d, 
MPD: optical density (x10) 
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Discussion and Conclusion 

This was the first study to evaluate seasonal variations in MPD while accounting 

for 1) confounding variables (age, sex, BMI, blood lipids, dietary intakes) and 2) possible 

effects of sunlight on MPD. Nolan et al. (37) evaluated seasonal variations in MPD and 

found no differences, however this was in a small number of subjects (n = 4) and dietary 

and biological factors were not considered. As with Nolan et all, we also found that there 

were no significant differences in MPD throughout the year even after the consideration 

of dietary, biological and environmental factors. This is of importance in the evaluation 

of the evidence to support a role for MPD in visual and cognitive health and suggests that 

the time of the year in which studies are conducted should not be a concern for the study 

design. The inability to measure a change in MPD with season indicates that MPD can be 

considered a long-term measure of L/Z status as opposed to dietary and serum measures. 

This is indeed what we found in the evaluation the variance of these measures. As 

expected, the dietary data was most varied (a reflection of day-to-day intake), the serum 

data less varied (a reflection of week-to-week status) and the MPD was the least varied (a 

reflection of month-to-month status). This stability of the MPD measure may make it the 

method of choice in the evaluation of the relationship between L/Z status and visual and 

cognitive health. 

While there were no significant differences in MPD with season or daylight 

hours, after consideration of these confounding factors, we did measure seasonal 

differences in the relationships of the measures of L/Z status. That is, the correlations 

between L/Z intake and serum L/Z concentrations was significant during the spring and 

summer while that for serum L/Z and MPD was significant for the fall and winter. These 

results are difficult to explain and cannot be explained by seasonal differences intake 

(there was none). One explanation could be that L/Z containing food choices differed 

throughout the year, with more bioavailable (the amount of L/Z from food that gets 

absorbed into the body) food choices being made during the spring and summer. Indeed, 

the food type has been found to be a factor in L/Z bioavailability (41). The subsequent 

improved relationship between serum L/Z and MPD in the fall and winter may reflect the 

time required for the uptake of dietary L/Z (from spring and summer) into the circulation 
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for eventual incorporation into the macula (in fall and winter). In sum, choosing food 

types containing more easily absorbed L/Z during the spring and summer months may 

reflect greater serum levels and a stronger relationship with MPD during fall and winter 

months.  

Limitations and Future Research 

While this study suggests that there is no variation in MPD with season, these 

results may not be translatable to other geographical areas or populations. Furthermore, 

our study consisted of a relatively small group (n = 162) and confirmation of these 

findings would be needed in a larger population. Lastly, the cross-sectional design of our 

study does not allow us to demonstrate a cause and effect. A longitudinal study with 

measures of dietary and serum L/Z and MPD in the same population would provide such 

information. 

 

Supplemental Tables 

1. Effect of Daylength Differences on Blood Lipids 

For TG, a significant difference was found between groups 2 and 3, with group 3 

having a higher average level of TG (p=0.0161). A trend was found for higher average 

levels of TG in group 3 than in group 0 (p=0.0738) and for higher levels of TG in group 1 

than in group 2 (p=0.0642). No significant differences found for total cholesterol, HDL, 

or LDL. 

Table 5b. Effect of Daylength Differences on Blood Lipids 

Group 0 1 2 3 

Hours of daylength 9.12 - 9.60 9.84 - 11.04 11.28 - 13.44 13.68 - 15.36 

n 37 38 41 44 

Total Chol1* (mg/dL) 197.48 ± 33.47a 187.73 ± 18.74a 191.50 ± 29.85a 194.27 ± 33.69a 

TG2* (mg/dL) 81.86 ± 45.18ab  101.77 ± 54.63ab 72.82 ± 30.25a 94.86 ± 46.38b 
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HDL3 (mg/dL) 58.65 ± 13.97a 56.76 ± 17.33a 61.97 ± 14.28a 55.62 ± 15.8a 

LDL4 (mg/dL) 121.08 ± 31.46a 110.29 ± 20.34a 117.34 ± 25.18a 120.21 ± 26.92a 

*log transformed 

1Total Chol: total cholesterol; 2TG: triglycerides; 3HDL: high-density lipoproteins; 4LDL: 

low-density lipoproteins  

**Day lengths were collected based on date.  Four categories were created, with group 0 

having the shortest day lengths and group 3 have the longest day lengths. 

 

2. Effect of Seasonal Variations on Blood Lipids 

Table 6b. Effect of Seasonal Variations on Blood Lipids 

A trend was found for higher average levels of total cholesterol in the winter than 

in the fall (p=0.0976). No significant differences found for total cholesterol, TG, HDL, or 

LDL. 

Season Winter Spring Summer Fall 

Range Dec 1 - Feb 28 Mar 1 - May 31 Jun 1 - Aug 31 Sep 1 - Nov 30 

n 49 35 31 47 

Total Chol1* (mg/dL) 195.90 ± 28.92a 194.06 ± 32.89a 194.73 ± 33.39a 183.57 ± 23.55a 

TG2* (mg/dL) 86.07 ± 46.74a 91.09 ± 46.13a 85.40 ± 37.46a 86.48 ± 46.03a 

HDL3 (mg/dL) 72.68 ± 15.19a 59.68 ± 15.35a 54.35 ± 14.16a 60.00 ± 17.53a 

LDL4 (mg/dL) 119.20 ± 28.67a 117.00 ± 26.05a 122.91 ± 26.81a 108.25 ± 19.97a 
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*log transformed 

1Total Chol: total cholesterol; 2TG: triglycerides; 3HDL: high-density lipoproteins; 
4LDL: low-density lipoproteins  

 

 

 

 

 

Figure 2. Seasonal Variation (months 1-12, Jan – Dec), of L/Z Intake (mg/day) 

 

Figure 3. Seasonal Variation (months 1-12, Jan-Dec) of Serum L/Z (pmol/L) 
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Figure 4. Seasonal Variation (months 1-12, Jan –Dec) of MPD (optical density) 
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Appendix A. Lutein and Zeaxanthin Questionnaire. How often do you eat the following 

foods?  
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Appendix B. A Reversed-Phase HPLC Chromatogram of Standards of Lutein and 

Zeaxanthin  

Formatted: Font color: Auto

Formatted: Font: 10 pt, Not Bold, Font color: Auto



   

Appendix C. Heterochromatic Flicker Photometry, A Method of Measuring MPD 
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