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Lutein, zeaxanthin, macular pigment, and visual function in adult

cystic fibrosis patients'™

Christine Schupp, Estibaliz Olano-Martin, Christina Gerth, Brian M Morrissey, Carroll E Cross, and John S Werner

ABSTRACT

Background: Pancreatic insufficiency in cystic fibrosis (CF), even
with replacement pancreatic enzyme therapy, is often associated
with decreased carotenoid absorption. Because the macular pigment
of theretinaislargely derived from 2 carotenoids, lutein and zeax-
anthin, the decreased serum concentrations seen in CF may have
consequences for ocular and retinal health

Objectives: Our aimswereto determine plasmacarotenoid concen-
trations, determine absorption and distribution of macular pigment,
and assess retinal health and visual function in CF patients.
Design: In 10 adult CF patients (ages 21-47 y) and 10 age- and
sex-matched healthy control subjects, we measured macular pig-
ment density in vivo, measured serum lutein and zeaxanthin con-
centrations, and comprehensively assessed visual performance (in-
cluding contrast sensitivity, color discrimination, and retina
function) under conditions of daylight illumination.

Results: Serum lutein and zeaxanthin were significantly reduced
(P<0.005) inCF patients(x = SD: 87 + 36.1and 27 &+ 15.8 nmol/L,
respectively) compared with control subjects (190 + 72.1and 75 +
23.6 nmol/L, respectively). Although macular pigment optical den-
sity was significantly lower (P < 0.0001) in the CF group (0.24 +
0.11) than in the control group (0.53 + 0.12), no significant differ-
ences in visual function were observed.

Conclusions: Adults with CF have dramatically low serum and
macular concentrations of carotenoids (lutein and zeaxanthin), but
their ocular status and visual function are surprisingly good. The
clinical implications of low plasma concentrations of carotenoidsin
CF are yet to be clarified. Am J Clin Nutr 2004;79:1045-52.

KEY WORDS Carotenoids, cysticfibrosis, lutein, zeaxanthin,
macular pigment, color vision, contrast sensitivity, electroretino-
gram

INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessively inherited ge-
netic disorder caused by mutations of the CFTR gene. It ismost
notably expressed in epithelial cells of the respiratory tract and
pancreatic ducts, causing abnormalities of the airway environ-
ment and pancreatic electrolyte and water secretion and trans-
port, which result in more viscous and elastic secretions from
theseorgans (1). Intherespiratory tract, these processes provide
afavorable environment for infection and secondary exuberant
inflammation, resulting in progressive lung damage and ulti-
mately respiratory failure. Pancreatic duct obstruction leads to
autolysis with resultant pancreatic exocrine and often endocrine

Am J Clin Nutr 2004;79:1045-52. Printed in USA. © 2004 American Society for Clinical Nutrition

deficiencies. Despite pancreatic enzyme replacement therapy,
pancreatic insufficiency often leads to deficient absorption of
fat-soluble vitamins. Although supplements of the major li-
pophilic micronutrients (eg, vitaminsA, D, E, and K) areusually
prescribed for patients with CF (2), less attention has been di-
rected toward routine replacement of the carotenoids. Not sur-
prisingly, carotenoid concentrationsare almost uniformly low in
CF patients (3-8).

The persistent infection and inflammation at airway surfaces
continuously subjects CF patients to oxidative stress (9-11),
especially during pulmonary exacerbations (12, 13). These oxi-
dative processes can be expected to increase antioxidant micro-
nutrient consumption. Because carotenoids are antioxidant mi-
cronutrients (14, 15), an increased carotenoid consumption
caused by chronic respiratory inflammation can be expected to
compound the deficiencies.

Two carotenoids, lutein and zeaxanthin, specifically accumu-
latein the macula (16, 17), the area of the retinaresponsible for
maximal visual resolution. These molecules, which give the
macula a yellow-orange color because of their absorption of
short-wavelength light, are believed to play amajor rolein pro-
tecting retinal constituents from free radicals, both by the ab-
sorption of the highly phototoxic effects of short-wavelength
light and by their free radical scavenging protective antioxidant
properties (16—19). Decreased plasma concentrations of these
pigments are associated with an increased incidence of macular
degeneration (20), although it is unclear whether concentrations
of these carotenoidsin theeyedirectly relate to therisk of retinal
disease (21). Moresubtlethanfrank macul ar degenerationarethe
lossesin sensitivity of cone photoreceptors associated with nor-
mal aging (22). A high amount of macular pigment might protect
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TABLE 1
Characteristics of the cystic fibrosis patientst
Subject Serum Serum Plasma
no. Age Sex FEV, DM BMI Supplements a-tocopherol® B-carotene® lycopene®
y % of predicted kg/m? wmol/L nmol/L nmol/L
1 27 M 70 No 24 ADEK 24 74 29
2° 47 M 18 Yes 22 ADEK 25 19 <10
3 21 M 58 No 20 ADEK ND 37 <10
4 43 M 30 No 20 ADEK, vitamin E 23 80 226
5 20 M 40 No 17 ADEK 6 24 <10
6 39 M 30 No 26 ADEK, MV 44 46 26
76 40 M 85 No 21 MV, lutein 60 59 111
8 23 F 25 Yes 19 MV, vitamin K, 21 16 <10
vitamin E
9 26 M 18 Yes 16 ADEK, vitamin C, 11 52 61
iron
10 26 M 78 No 20 ADEK 40 71 33
x + SD 31.2 +10.0 — 45+ 254 — 21+ 3.0 — 28 + 16.9 48 + 234 53 + 68.7

1FEV,, forced expiratory volume in 1 s; DM, diabetes mellitus; MV, multivitamins; ND, not determined. The ADEK preparation includes 150 |U

a-tocopherol and 3 mg B-carotene.
2 Laboratory reference range for healthy persons. 12—46 wmol/L.
S Laboratory reference range for healthy persons: 110-370 nmol/L.
4 Laboratory reference range for healthy persons: 150-300 nmol/L.
5 This patient had a history of smoking.

8 This patient had alung transplantation 5 y before the study and was taking a multivitamin preparation containing 250 ug |utein/capsule.

the retina from age-related loss in cone sensitivity (23), but al-
ternative interpretations have been offered (22). If macular pig-
ment doesforestall the effects of normal aging, one might expect
that CF patients with chronically reduced macular pigment op-
tical density (MPOD) would exhibit an acceleration of normal
age-related changes in visual function.

The major objective of this study was to assess plasma and
retinal concentrationsof |utein and zeaxanthin, the main macular
carotenoids, and to evaluate the status of visual performanceina
group of young adult CF patients. It was hypothesized that the
expected low serum concentrations of carotenoids would cause a
decreased retina carotenoid content that, in turn, could cause sub-
clinical manifestationsof visual abnormaitiesashavebeenreported
in previous studies of ocular hedth in CF (24, 25).

SUBJECTS AND METHODS

Study population

Ten adult CF patients (ages 21-47 y) were recruited from a
university-based CF outpatient clinic. Ten control subjectswere
collectively matched for age (20-51 y), sex, and ethnicity. All
CF patientswereclinically stableand receiving theusual medical
and nutritional management as detailed in Table 1. In addition,
al of the CF patients had moderate-to-severe decrements of
pulmonary function and most were nutritionally sufficient onthe
basis of their body mass index (BMI; in kg/m?) values; only 2
patients were underweight, with BMIs < 18.5 (26). All patients
were exocrine pancreatic insufficient and 3 were endocrine in-
sufficient (diabetic). All patients were taking nutritional supple-
ments, but only one subject was taking a commercial multivita-
min containing lutein. Most of the patients had low B-carotene
but normal «-tocopherol concentrations on the basis of aroutine
chemistry panel for CF. One subject had undergone alung trans-
plantation. None of the subjects had symptoms of visual dys-

function other than refractive errors and presbyopia. After the
initial eye examination, the patients chose onetest eyeto be used
for more extensive testing; in most cases, the right eye was
chosen.

The control subjects were volunteers recruited through the
University of California, Davis, Department of Ophthalmology.
They had no ocular or systemic conditions, such asdiabetes, and
all were nonsmokers. These subjects denied taking any supple-
ments containing lutein. After approval by the University of
California, Davis, Office of Human Research Protection, con-
secutive patientsseenintheadult CF clinic wereoffered hal f-day
eye examinations; those who accepted were enrolled. Approxi-
mately 50% volunteered for the study. Of those who chose not to
participate, lack of time and the often-considerable distance to
the clinic were the 2 major reasons for refusal to participate.

M easurement of carotenoid concentrations

Serum concentrations of B-carotene and «-tocopherol were
routinely available as part of our yearly assessments of CF pa-
tientsand are asreported in Table 1. Lycopene, as an additional
indicator of carotenoid uptake, was measured on the day of eye
examination, aswere lutein and zeaxanthin as the major compo-
nents of the macular pigment. Blood and plasma samples were
covered to reduce light exposure during handling and were fro-
zen at —70° within 30 min of collection until analyzed.

For these | atter 3 carotenoid determinations, liquid-liquid ca-
rotenoid extraction of plasma samples was performed with eth-
anol n-hexane containing 0.05% butylated hydroxytoluene as
previously described (27). After evaporation of the hexane lay-
ers, theresiduewasredissolvedin 160 uL methanol: THF (50:50)
and analyzed by reversed-phase HPLC. The carotenoids were
separated by gradient elution with the use of a C,, YMC carot-
enoid column (5 FM, 250 X 4.6 mm; Waters, Milford, MA) and
detected at 450 nm. The column was calibrated for retention
timesand quantification with the use of external calibration plots
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prepared from crystalline lutein (Sigma, St Louis), all-trans ze-
axanthin, and all-trans lycopene.

Eye examination

All subjects received a complete optometric or ophthalmo-
logic examination to detect the presence of retinal disease and
abnormal ocular media. This included a slit-lamp examination
and direct and indirect ophthalmoscopy. Color stereo fundus
photographs of the macula and optic disc (Early Treatment Di-
abetic Retinopathy Study fields 1 and 2) were evaluated by a
retinal specialist using astereo viewer. Intraocular pressure was
=22 mm Hg.

Optical density and distribution of macular pigment

Themacular pigment actsasafilter of short-wave (blue) light.
By quantifying thisfilter effect, itispossibleto assesstheamount
and distribution of macular pigment. The absorption and distri-
bution of the macular pigment (at 15 min, 30 min, 1°, 1.75°, and
7° retina eccentricity) were assessed by the psychophysical
method of heterochromatic flicker photometry (22, 28). For this
study we used the densitometer by Macular Metrics, Providence,
RI (29). The stimulus consisted of a 10°, 3.0-cd/m?, 470-nm
adapting background. Superimposed on the background was 1 of
5 test stimuli: 2 test spots of 15 and 30 min diameter, 2 circular
rings of 1° and 1.75°, and a 2° spot for the peripheral measure-
ment. The test stimuli were composed of 2 narrow-band lights
(from light-emitting diodes) having dominant wavelengths of
460 and 550 nm, which were aternated in square-wave counter-
phase at 15-25 Hz for the 4 central stimuli and 7-12 Hz for the
peripheral one. The flicker frequency was optimized for each
subject onthebasisof preliminary testsof flicker sensitivity. The
subject’ stask wasto eliminate or minimizetheflicker by turning
adial that changed theratio of light of the 2 wavelengths while
maintaining a constant overall luminance. The subject viewed
the stimulusin free view from achin and forehead rest and with
habitual refractive correction. Before each session, the light in-
tensity from each wavel ength was calibrated with a photodiode.

Spatial contrast sensitivity

Photopic contrast sensitivity was measured to provide an as-
sessment of spatial vision under conditions of daylight illumina-
tion (photopic vision). Thismeasure quantifiespattern vision for
objects of any sizeincluding small objects as more traditionally
measured by visual acuity. The subjects’ eyes were dilated and
cyclopleged with 2.5% Phenylephrine and 0.5% Tropicamide
(both from Bausch & Lomb Pharmaceuticals, Inc (Tampa, FL).
Measurements of the contrast sensitivity function were obtained
with vertically oriented sinusoidal gratings at 6 spatial frequen-
cies(0.55, 1.125,2.25,4.5, 9, and 18 cycles/degree) and a space-
average luminance of 45 cd/m?. The stimuli were presented on a
computer monitor and viewed at optical infinity through an as-
tronomical tel escope designed so that the effective pupil areawas
constant acrossall subjects. Details of the apparatus and calibra-
tion are described by Schefrin et a (30). Thresholds, defined in
terms of Michelson contrast, were measured by using a
maximum-likelihood (31), 2-alternative, temporal forced-choice
procedureinwhich subjects pressed abutton toindicateinwhich
of 2 intervals (defined by a computer voice) the stimulus was
presented. Contrast thresholdsfor thetest gratings corresponded
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to a detection probability of 75%, based on a logistic psycho-
metric function.

Color discrimination

The perception of color is mediated by parallel neural path-
ways, which begin with the 3 cone types maximally sensitive at
short, middle, or long wavelengths. Discrimination of colors
dominated by each of the 3 conetypesisexpressed asthe protan,
deutan, andtritan axesof the Cambridge Colour Test (Cambridge
Research Systems, Cambridge, United Kingdom). Lossesin the
sensitivity of cone pathways has been associated with normal
aging (22), and sel ectivel osses have been demonstrated in retinal
and optic nerve disorders (32, 33). Unspecified color vision de-
fects have been reported for CF patients (24). For this study, the
Cambridge Colour Test was used to present Landolt C patterns
(2-16 cd/m?) on acalibrated computer monitor by using avideo
board with 15-bit resolution. The subject’ stask wasto detect the
location of the gap in aLandolt C with the use of a4-aternative
forced choice based on the principles of pseudo-isochromatic
plates (34). Discrimination thresholds were defined by the min-
imum chromatic contrast required for detection of stimuli varied
in terms of the stimulation of short-wave (tritan), middle-wave
(deutan), and long-wave (protan) sensitive cones.

Multifocal electroretinogram

Retinal function was assessed electrophysiologically by the
multifocal electroretinogram (MfERG). Asillustrated in Figure
1, thistechnique permitstheresponseat discreteretinal locations
to beisolated and to detect retinal dysfunctionthat hasnot yet led
to visible changes in the fundus or global decreases in visual
performance. This technique is based on a cross-correlation be-
tween hexagonal black-and-white stimuluschangesandthelocal
response of the retina, thus reflecting the first stage of retinal
processing (35). The stimulus consisted of 103 scaled hexagons
(flashed pseudorandomly at interval sof 13.3 ms) and extended to
aretina areaof ~50° in diameter. Therecording procedure was
performed as published previously (36). First-order kernel re-
sponses were evaluated in each of the patient’s mMfERGs. These
responses were grouped into 6 concentric rings. Implicit times
(latencies) of N1 (first negative trough) and P1 (first positive
peak) and amplitudes P1-N1 (difference between P1 and N1)
were analyzed for each of the 6 areas as indicated in Figure 1.
Amplitudes were measured on the response-density-scaled re-
giona averages. Data were not compared with those of the con-
trol subjects, but rather with data from a more extensive age-
matched control group of 10 subjects in each age decade (36),
whichformedthestandard for our laboratory. L atencieswithinor
<2 SDs of the control group were considered normal.

Statistics

The plasmatocopherol and carotenoid concentrations are re-
ported asmeans + 1 SD. The analysis of the datawas conducted
with the use of parametric tests, analysis of variance, t tests, and
regression [STATVIEW 5.0.1 (SAS Ingtitute, Cary, NC) and
Excel X (Microsoft, Redmond, WA)]. Unless stated, the differ-
ences between groupswere considered significant if the P values
were < 0.05.
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FIGURE 1. Multifocal electroretinogram responses for a control subject. The
by thecentral hexagon, 1° radius; ring 2: 1-5°; ring 3: 5-10°; ring 4: 10-15°; ring 5:
in terms of the parametersillustrated in the right panel. P1, first positive peak; N

RESULTS

Carotenoid concentrations

Asshownin Table 1, the CF patients represented a group of
young, mostly male adults with various degrees of lung impair-
ment. All of the patients were taking vitamins and pancreatic
enzyme supplements, and 3 were taking insulin. Most of the
subjects had normal tocopherol concentrations. However, asin
other studies (3—8), all of the subjects had low B-carotene and
lycopene concentrations. As shown in Table 2, lutein and zeax-
anthin concentrationsin the CF patientsweretypically lessthan
one-half those of the healthy control subjects. Only CF patient 7
wastaking alutein supplement, and only thispatient had received
alung transplant. This fact is important because this patient no
longer had a chronically infected lung that could conceivably
represent a site for antioxidant micronutrient overconsumption.

TABLE 2
Plasma carotenoid concentrations in the cystic fibrosis (CF) patients and
the healthy control subjects

CF patients Control subjects
Lutein Zeaxanthin Lutein Zeaxanthin
nmol/L nmol/L
1 85 34 182 8l
2 67 <10 134 66
3 69 35 256 83
4 105 38 110 60
5 69 33 202 7
6 83 33 223 77
7 183 55 127 55
8 64 <10 136 43
9 66 <10 347 131
10 76 <10 182 81
x+SD 87+ 36.1 27+ 158 190 £ 72.1 75+ 236

1 Plasma lutein and zeaxanthin concentrations were measured on the
same day as the macular pigment densities were measured and the visual
performance tests were conducted. L aboratory reference ranges for healthy
persons are 105-370 nmol/L for lutein and 34—117 nmol/L for zeaxanthin
(37). Therewas an overall significant differencein plasmaconcentrations of
lutein (unpairedt test, P < 0.001) and zeaxanthin (unpairedt test, P < 0.001)
between the 2 groups.

SCHUPP ET AL

Implicit Time
P1

Response
Density
P1-N1

Implicit Time

103 responses were grouped into 6 concentric rings (ring 1: area stimulated
15-20°; ring 6: 20—25°). Theresponseextracted from each ringwasanalyzed
1, first negative trough; P1-N1, difference between P1 and N1.

Clinical eye examinations

The clinical eye examination showed that one patient had a
corneal scar as the result of prior trauma. Another patient had
suffered aretinal vein occlusion in the eye that was not used in
testing. All other patientswere found to bein good ocular health
and to have a maximum refractive error of —2.0 dioptersand a
best-corrected visual acuity of 20/20 or better.

Macular pigment optical density

AsshowninFigure2, MPOD waslower at all retinal locations
inthe CF patientsthan in the control group. Inthecentral 15min,
where MPOD is highest, optical density was0.24 + 0.11 in the
CF patientscompared with 0.53 & 0.12 in the control group. The
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FIGURE 2. Mean (£ 1 SEM) macular pigment optical density at 4 retinal
eccentricities (15 and 30 min, 1°, and 1.75°) in cystic fibrosis (CF) patients
(m; n = 10) and age-matched control subjects ((J; n = 10). Analysis of
variance showed a significant difference (P < 0.05) in overall macular
pigment optical density between the CF patients and the control subjects but
no significant group X retinal eccentricity interaction.

15 min
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FIGURE 3. Mean macular pigment optical density asafunction of serum
lutein and zeaxanthin concentrationsin cystic fibrosis (CF) patients (®; n =
10; the“x” representsone CF patient who wastaking alutein supplement) and
age-matched control subjects (O; n = 10). The linear regression eguations
fitted to all subjectswereasfollows: lutein, y = 0.126 + 0.0019x (r = 0.76);
zeaxanthin, y = 0.171 + 0.0044x (r = 0.80).

spatial distribution of macular pigment isalso showninFigure2.
A mixed between-within analysis of variance verified that there
was a significant difference in MPOD between the CF patients
and age-matched control subjects (P < 0.0001) and asignificant
differencein MPOD amongthe4 retinal eccentricities. However,
no significant interaction between the groups and retinal eccen-
tricity was observed (P > 0.05).

MPOD plotted as afunction of serum concentration of lutein
and zeaxanthin is illustrated in Figure 3. The regression lines
were fitted to all subjects, but the data for the CF patients and
healthy control subjectsare denoted separately by different sym-
bols. The correlation between MPOD and lutein was significant
(r=0.76, P < 0.001), aswasthe correl ation between MPOD and
zeaxanthin (r = 0.80, P < 0.001). Threeof the4 CF patientsaged
>35 y had unusually low MPOD values (x: 0.15 at 15 min).
However, there was one outlier—the one patient who had been
taking alutein-containing multivitamin supplement. Asshownin
Figure 3, this patient’s MPOD and serum lutein and zeaxanthin
concentrations were uncharacteristically high for a CF patient.

Contrast sensitivity

Photopic contrast sensitivity plotted as a function of spatial
frequency for CF patients and age-matched control subjectsis
shown in Figure 4. Error bars signify + 1 SEM. The datawere
fit with a double-exponentia function (38). Although there was
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FIGURE 4. Mean (= 1 SEM) contrast sensitivity asafunction of spatial
frequency for cystic fibrosis (CF) patients (@®; n = 10) and age-matched
control subjects (O; n = 10). Smooth curves fitted to the data are double
exponentials (solid and dashed curves for the CF and control subjects, re-
spectively) as described in the text. Analysis of variance showed no signif-
icant difference between groupsand no significant group X spatial frequency
interaction.

a main effect of spatial frequency (P < 0.05), we found no
significant difference between the groups (P = 0.2428) and no
significant group X spatial frequency interaction (P = 0.5753).

Color discrimination

Asshown in Figure 5, the CF patients had color discrimina-
tion values well within the normal range as defined by the de-
signers of the Cambridge Colour Test (vector lengths < 100 for
the protan and deutan axes and =< 150 for the tritan axis) (39).
Control subject no. 1 wasexcluded from the statistical analysisof
the test results because he was known to be deuteranomalous.
The unpaired Student’s t test showed no significant difference
between CF patients and control subjects for any of the 3 axes
(protan axis. P = 0.729; deutan axis: P = 0.331; tritan axis. P =
0.645).

Multifocal electroretinogram

Nine of the 10 recorded mfERGs were analyzed. One of the
mfERGS could not be analyzed because of low signal-to-noise-
ratio. The concentric ring analysis showed normal responsesin 7
of the 9 CF patients analyzed. Two CF patients showed delayed
latencies but normal response densities. In CF patient no. 2,
implicittimesN1and P1weredelayedinrings4to 6 andinrings
1, 4, and 5, respectively, asshown in Figur e 6. In CF patient no.
9,implicittimeN1wasdelayedinring5andimplicittimePlwas
delayed in the central area.

DISCUSSION

CF patients have to cope with a high level of lung oxidative
stressdueto chronic infection and inflammation. They oftenalso
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FIGURE 5. Mean (= 1 SEM) vector length (ameasure of color discrim-
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cystic fibrosis (CF) patients (m; n = 10) and age-matched control subjects
(O; n=9) for protan, deutan, and tritan col or confusion axes. Unpairedt tests
showed no significant differences between the CF patients and the control
subjects.

suffer from alack of fat-soluble antioxidant vitamins because of
chronic malabsorption. Our study aimed to investigate whether
the expected reductions of carotenoids in CF patients would
manifest in a reduction in retinal lutein and zeaxanthin and
whether this loss of presumably protective carotenoids affects
ocular function, retinal health, and visual performance. The data
verified that serum concentrations of carotenoids, including lu-
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SCHUPP ET AL

tein and zeaxanthin, were low in adult CF patients. This low
concentration was correlated with considerably low retinal con-
centrations of the 2 carotenoids. The severe degree of retinal
carotenoid depletion was not associated with any visual abnor-
malities by the testing procedures used.

Plasma and retinal carotenoids

The mean serum concentrations of lutein and zeaxanthin (87
and 27 nmol/L, respectively) in CF patientsrepresented 47% and
36%, respectively, of those in the collectively matched control
subjects and were lower than the values found in the lowest
quintile of concentrations in the third National Health and Nu-
trition Examination Survey (20). We aso found a remarkably
strong correl ation between serum carotenoids and macular pig-
ment for the patients and control subjects, which was consistent
with the findings of an epidemiologic study of 280 adult volun-
teers whose serum concentrations of lutein and zeaxanthin cor-
related with MPOD values (40). Of special interest inthiscontext
are CF patient no. 7, who had been taking alutein supplement and
thus had high norma serum carotenoid concentrations and
MPOD values, and CF patient no. 2, who had asmoking history
and who consistently had very low carotenoid concentrationsand
avery low MPOD. Interestingly, smokers represent another group
of patients that are known to have a high incidence of airway in-
flammation and reduced carotenoid concentrations (41).

The starting point of thisinvestigation wasthe hypothesisthat
CF patients with known low carotenoid concentrations would
have low ocular concentrations of the antioxidants lutein and
zeaxanthin. These carotenoids have largely been thought to pro-
tect theretinafrom oxidativedamage (21, 42, 43), sothequestion
arose as to whether the lack of macular pigment would produce
symptomsof increased oxidative stresssuch asthosefoundinthe
degenerativeretina diseases. Although we found the low values
for MPOD that we had expected, only one CF patient had retinal
abnormalities, and thispatient’ sretinal responseswerenormal as

Patient no.9
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FIGURE 6. Delay in N1 (first negativetrough) and P1 (first positive peak) implicit timesfor 2 cystic fibrosis patients (O) and for the respective age-matched
control subjects (@; n = 10). The error bars for the control subjects represent + 2 SDs. The 6 concentric rings are numbered from the center (ring 1) to the

periphery (ring 6) asillustrated in Figure 1.
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assessed withthemfERG. Theretinal vein occlusion observedin
CF patient no. 7 was thought by retinal specialiststo bedueto a
vascular rather than to an ocular incident and was probably
caused by this patient’ s uncontrolled hypertension secondary to
the side effects of the transplantation medications being taken.
Thisfinding isin marked contrast with the findings of previous
studies of CF patients, which reported loss of contrast sensitivity
and color vision deficiencies (25) and abnormal electrophysio-
logical findings (24, 44, 45).

Thediscrepancy between thefindings of the current study and
thoseof previousstudiesmight bedueto several factors. First, the
clinical management of exocrine pancreatic insufficiency has
improved in the past 2 decades. The focus on pancreatic enzyme
replacement and high-dose supplements of vitamins such as
ADEK clearly hashelped prevent ocular symptomsof vitamin A
deficiency such as night blindness and severe forms of xeroph-
thalmia, as has been shown in previous studies (25). One study
(45) reported an improvement in contrast sensitivity after high-
dose vitamin A supplementation. Second, use of the broad-
spectrum antibiotic chloramphenicol in CF patients has been
reduced to almost nothing. This drug has long been known to
cause intermittent and permanent optic nerve damage in CF
patients (46) and might have contributed to the loss of contrast
sensitivity and the unspecified color vision deficienciesreported
in a previous study (24). Although we could not eliminate the
possihility that our patients had been treated with chloramphenicol
at somepoaint, it seemsreasonabl eto assumethat they may havebeen
exposed to less of it than were the adult participants of previous
studies. A third factor contributing to the ocul ar health of our adult
CF patients is the management of CF-related diabetes. Good
blood sugar regulation might delay the onset of diabetic ocular
manifestations that |ead to cataract and diabetic retinopathy.

Methodologic limitations

Our results need to be interpreted with some caution because
we only studied a small number of CF patients, and there was
little ethnic and socioeconomic variance in this group. Our stud-
ieswere cross-sectional and focused on an age group that seldom
exhibitsage-rel ated macul opathy. M oreover, the CF patientshad
few risk factors for age-related maculopathy, such as elevated
blood pressure (except for CF patient no. 7) or asevere degree of
atherosclerosis, although 1 smoked and 3 had diabetes (47). Our
previouswork showsthat the protocol used inthisstudy included
several measures that are sensitive to deficits associated with
early development of age-related macular degeneration (48). On
the other hand, the plasma and macular pigment concentrations
of lutein and zeaxanthin were largely different between the CF
patients and the control subjectsin the current study. If inverse
rel ations between concentrations of these 2 carotenoids and oc-
ular and visual abnormalitieswere causal and strong, we hypoth-
esized that with sensitive testing methods we might have been
able to detect them.

Clinical implication

Althoughthereisaccumulating evidencethat the consumption
of high amounts of dietary antioxidant micronutrients is posi-
tively associated with both respiratory (49) and eye (50) health,
and that carotenoid intakes (including lutein and zeaxanthin)
contribute to this evidence, it is interesting to note that both the
recent I nstitute of M edicineguidelines(50) and the consensus CF
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nutritional guidelines (2) issue no specific recommendations for
healthy persons or CF patients regarding the consumption of
carotenoid supplements or foods high in lutein and zeaxanthin.
Asthelife span of CF patients continuesto increase asafunction of
improved nutrition, better strategiesfor handling airway clesrance,
respiratory tract infections, and lung transplantation, it is pre-
dictable that CF patients may increasingly manifest the conse-
guencesof age-rel ated diseases, including macul ar degeneration.

We concluded that serum and retinal lutein and zeaxanthin
concentrations were dramatically low but there was no evidence
of alossin visual performance or compromised retinal healthin
adult CF patients receiving standard care for CF. It would be
useful to conduct the same protocol used in thisstudy in alarger
group of CF patients studied longitudinally over abroader spec-
trum of thelife span and with afocuson CF patientsaged >501y.

All of the authors contributed to the study design, data collection, data
analysis, and writing of the manuscript. None of the authors had a known
conflict of interest.
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