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Dietary analysis and nutritional behaviour in people with and without age-related macular

disease

Abstract

Background and Aims: Consumption of antioxidant nutrients can reduce the risk of progression of
age-related macular degeneration (AMD) - the leading cause of visual impairment in adults over the
age of 50 years in the UK. Lutein and zeaxanthin (L&Z) are of particular interest because they are
selectively absorbed by the central retina. The objectives of this study were to analyse the dietary
intake of a group of AMD patients, assess their ability to prepare and cook healthy food, and to

make comparisons with people not affected by AMD.

Methods: 158 participants with AMD were recruited via the UK charity The Macular Society, and
fifty participants without AMD were recruited from optometric practice. A telephone interview was
conducted by trained workers where participants completed a 24 hour food diary, and answered

questions about cooking and shopping capabilities.

Results: In the AMD group, the average L&Z intake was low in for both males and females. Those
able to cook a hot meal consumed significantly more L&Z than those who were not able. Most
participants were not consuming the recommended dietary allowance of fibre, calcium, vitamin D
and E, and calorific intake was also lower than recommendations for their age-group. The non-
AMD group consumed more kilocalories and more nutrients than the AMD group, but the L&Z
intake was similar to those with AMD. The main factor that influenced participant’s food choices

was personal preference.

Conclusion: For an ‘informed’ population, many AMD participants were under-consuming
nutrients considered to be useful for their condition. Participants without AMD were more likely to
reach recommended daily allowance values for energy and a range of nutrients. It is therefore
essential to design more effective dietary education and dissemination methods for people with, and
at risk of, AMD.
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Introduction

Age-related macular degeneration (AMD) can result in loss of central vision, and is the leading
cause of visual impairment in adults (> 50 years) in the UK ). In 2012, the prevalence of AMD was

predicted to increase significantly by 2020 due to aging of the population ¢ ¥,

The Age-Related Eye Disease Study (AREDS) (4) reported that taking a supplement containing
vitamins E and C, beta-carotene and zinc reduced risk of progression of the disease by 25%. Since
then, the carotenoids lutein (L), zeaxanthin (Z) have been identified as nutrients that can provide a
protective role in the progression of AMD due to their antioxidant and photo protective properties
®)_Collectively, L and Z form the macular pigment which interacts with free radicals and reactive
oxygen species, prevent lipid peroxidation and filter out high energy blue light ©. Carotenoids are
not produced by the body and must be obtained via the diet. Recently, the AREDS |1 (7) found that
people who took a supplement containing L and Z instead of beta-carotene had their risk of
progression reduced by a further 18% compared with the original AREDS formulation .

Despite results from AREDS studies, there remains confusion among patients and practitioners in
what supplements to take, and what foods should be consumed in order to maximise absorption of
useful nutrients ®. Many patients turn to other organisations for clarity of information such as the
Macular Society — the UK charity that is devoted to helping those with diseases of the macula.
Following the results of AREDS 11, the Macular Society have advocated the use of the AREDS Il
formulation, where appropriate, and eating vegetables that are L&Z rich. The highest mole

percentage of L&Z has been found to be in egg yolk, maize (corn), spinach, collard greens and kale
9)

Patients who have sought the help of the Macular Society could be considered an ‘informed’
population as they have information available to them in the form of monthly magazines, written
material, a helpline and the Society’s website. However, in a recent study, not all were not taking a
nutritional supplement and many of those that did take a supplement were not taking a clinically
proven formulation or dosage *°. We therefore sought to investigate this population’s dietary intake
of L and Z, and compare it to a cohort of age matched patients without the condition. As dietary
patterns are multi-factorial, any other contributing factors will be investigated.
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The objectives of this study were to analyse the nutrient intake of a group of AMD patients and a

group of non-AMD patients, and to determine their ability to prepare and cook healthy food.

Materials and Methods

Using data from a previous study from Bartlett et al, it was calculated that for an average effect size
(Cohen’s d) of 0.4, a minimum sample size of between 15 and 94 would be appropriate for each

cohort.™?

AMD Participants

A total of 158 participants with AMD were recruited between January 2012 and March 2012.
Recruitment was via the Macular Society helpline. Individuals who contacted the Macular Society
helpline between January 2012 and March 2012 were asked if they would like to take part in a
telephone survey. Inclusion criteria for potential participants were that they should be aged over 55

years and have been diagnosed with any form of AMD.
Non-AMD Participants

A group of 50 participants without AMD were recruited between August 2013 and December 2013.
Recruitment was via seven optometric practices around the UK and Aston University patient
clinics. The study was advertised on posters, and individuals who took part volunteered of their own
accord and provided contact details and a convenient time to be telephoned. The only inclusion
criterion was that they should be aged over 55 years — individuals with co-morbidities and other

visual problems were not excluded.

Survey Design

A 36 question cross-sectional survey was designed to explore nutritional habits, supplement usage,
physical abilities in food preparation and cooking, and sources of knowledge in order to ascertain
the beliefs participants have, and compare their beliefs with their behaviours. The initial questions
covered demographic topics, occupations and participants’ perceptions of the link between nutrition
and AMD. The terms ‘wet’ and ‘dry were employed to coincide with many patient’s understanding
of AMD classifications. After a section on nutritional supplement use, the questions subsequently
focused on perceived state of vision and health, and ability to perform preparation and cooking of
food. Participants also provided a 24 hour food recall. This was done as part of the telephone survey
so the patient had little time to prepare and would be more likely to report honestly. Participants
were asked to quantify the amounts of food eaten by using the Zimbabwe Hand method 2 —

3
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participants used their palms or fingers to estimate the portion size of various foods. The survey was
then piloted, refined and administered to the cohort. Full details of the piloting process and survey
design and are reported elsewhere %, The focus of this report is on the dietary aspects of this
survey and cooking abilities, hence, not all the results of the 36 questions are covered here @9, The
participants’ occupations were divided into 10 major groups using the International Standard

Classification of Occupations (ISCO) version 08.

The 24 hour food diary data was analysed using nutritional software A La Calc (Red Hot Rails LLP,
Doncaster, UK.), where each participant’s daily food was analysed for numerous nutrients, calorie
values and other constituents using the USDA (United States Department of Agriculture) SR25

food database (http://ndb.nal.usda.gov/).

Procedure

If an AMD patient decided to participate, oral informed consent was obtained over the telephone
and they were advised that they could withdraw at any time. An appointment was scheduled for a
future telephone interview or the interview began immediately if the AMD patient agreed. Non-
AMD patients who provided their contact details were telephoned at a time that they specified was
convenient, and the interview usually began immediately. The survey typically lasted 25 minutes
and was administered either by one of four Macular Society employees who were trained by RS or
by RS. All responses were recorded using Bristol Online Survey software (University of Bristol,
Bristol, UK) 9.

Data and Statistical Analysis

Descriptive analyses were performed using the software Microsoft Excel. Data was then analysed in
statistical software IBM SPSS version 20 (IBM UK Ltd, Portsmouth, Hampshire) to draw
comparisons between results using parametric and non-parametric tests as not all the data was

normally distributed.

Ethics

This study was conducted according to the guidelines laid in the Declaration of Helsinki and all
procedures involving human subjects were approved by the Aston University Ethics Committee.

Verbal informed consent was obtained from all subjects and formally recorded.
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Results
Sample Characteristics: AMD Participants

Table 1 shows some of the demographic characteristics of the sample; AMD participants were aged
56-95 (mean 79 + sd 7.8 years). Of the AMD cohort, 61% were female, with both sexes showing
similar age distributions. The prevalence of ‘wet” and ‘dry’ types of AMD was almost equal. The
mean duration of the disease was 6.08 = 4.7 years (median 5 years, range 1 to 25 years). The
majority of AMD participants (63%) were not registered sight impaired (partially sighted) or
severely sight impaired (blind). There was a trend for participants who were on a visual impairment
register to have had AMD for a longer time period (Mann-Whitney U = 977.5, p = 0.07). No AMD
participant felt that their vision was “extremely good” on the day of the interview - 57% of
participants felt their vision was “poor” or “extremely poor” and only 7% felt their vision was
“good”. These results contrast with perceptions of general health in that only 21% of AMD
participants felt their general health was poor, and 41% felt their health was good. For these
reasons, the sample was considered to be a healthy population whose only health issue was their

visual status.
Sample Characteristics: Non-AMD Participants

Non-AMD participants were aged 55-89 (mean 67 + 8.0 years). Of the non-AMD group, 70% were
female, with both sexes also showing similar age distributions. On the day of the interview, the
majority of the non-AMD participants felt their vision was either “extremely good” (14%), or
*“good” (46%). No participant felt their vision was ““extremely poor”. 70% of the non-AMD
participants reported they felt their general health was either ““good” or ““extremely good™. This

cohort can also be considered a healthy population

The cohorts have some similarities in the reported characteristics. A high percentage of participants
in both cohorts lived in their own home, and only a few lived in sheltered accommodation.
However, half of the AMD participants lived with their partner, with just under half living alone,
but in comparison, fewer of the participants without AMD lived alone and more lived with their
partner. Also, more participants in the AMD cohort answered that they felt their general health was
‘poor’ compared to the participants without AMD. Unsurprisingly, the largest difference between
the cohorts was the self-reported visual ability, with many of the AMD cohort reporting ‘poor’

vision.
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Because the non-AMD participants were generally younger than the AMD group (mean 67 years,
versus 79 years), a sub-group of age-matched AMD participants (49 participants in total) were used

to compare data with the non-AMD cohort.

Table 1 inserted about here.
Dietary Analysis

Table 2 displays the results of the 24 hour food diary data for the AMD and non-AMD participants.
The mean amounts of certain nutrients or energy consumed for females and males in the cohort are
displayed, together with the recommended dietary allowances (RDA) for each constituent, as
recommended mainly by  the UK FSA  (Food Standards  Agency -
http://multimedia.food.gov.uk/multimedia/pdfs/nutguideuk.pdf) for those aged over 50 years. Table
2 shows that in the AMD cohort, both men and women fail to meet the daily RDA for many
nutrients such as fibre, calcium, vitamin E, folic acid and carbohydrates. Of particular interest is the
finding that in the AMD cohort, both genders are failing to reach the 10mg amount of daily L&Z
recommended by the Macular Society. Although not statistically significant, there was a trend that
those who were on a sight impairment register consumed more L&Z than those AMD participants
who were not on any type of register (Kruskal Wallis H = 4.951, p=0.08), and females appeared to
consume more L&Z than males in the AMD group. One male participant diet data was excluded as
he had unusually consumed a large amount of kale, and the results were slightly skewed (the
average with this participant included is listed in the table in parenthesis). L&Z consumption was
compared with the type of AMD the participants had (dry vs. wet), occupation, and the number of
years they had the condition, but no trends were apparent. The amount of L&Z was also low in both

genders of the non-AMD group, but a little more equally.

The largest difference between the two cohorts was the number of calories consumed. The number
of calories consumed by the AMD cohort was significantly lower than the daily RDA for each
gender in this age group. In contrast, females in the non-AMD cohort surpassed the calorific RDA,
and males in the non-AMD cohort also consumed nearer to the RDA. This difference in calorie
intake between the AMD and non-AMD cohorts is statistically significant (independent t-test F=
19.2, p = 0.00). Other nutrient differences between the cohorts include carbohydrates, protein, fat,

fibre and calcium - participants with AMD consumed less compared to participants without AMD.

There were no significant gender differences found with respect to the amount of L&Z consumed,
the number of calories consumed, the ability to cook a hot meal or supplement use in either cohort
6
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(Kruskal-Wallis and Mann-Whitney U non-parametric tests). Calorie intake was also compared
with the age of participants and living arrangements in each cohort, but no significant results were
found. The characteristics between the two groups were also analysed, but the differences between

them were not found to be statistically significant (Independent t-test).

Table 2 inserted about here.

Many participants in both cohorts ate only a small variety of vegetables: 140 participants listed
carrots, 116 listed peas, 115 listed broccoli. Other popular choices were cabbage (90 participants)
and spinach (49 participants). Interestingly only 25 AMD participants ate kale which is considered
to be one of the most lutein rich vegetables. No participant in the non-AMD cohort ate kale at all.
Interestingly, 85% of AMD participants ate mostly raw vegetables on the day of the interview, but
62% of non-AMD participants ate cooked vegetables on the day of the interview. 10% of the AMD
participants and 8% of the non-AMD participants did not eat any vegetables at all on the interview

day.

Food preparation and cooking

The majority of participants reported they could prepare (65% AMD, 74% non-AMD) and cook
(68% AMD, 72% non-AMD) their own food, with participants citing that their partner prepared
(24% in both cohorts)/ cooked (26% in both cohorts) food for them. When asked if participants
were able to cook a hot meal by themselves if they had to, 81% of AMD and 96% of non-AMD
participants reported that they could. AMD participants who were not able to cook a hot meal
(n=29) consumed significantly less L&Z (0.85 + 0.72 mg) than those who were able to cook a hot
meal (1.68 = 2.35 mg) (Mann-Whitney U = 1240.5, p = 0.007). Figure 1 shows that many AMD
participants feel that they are able to cook and prepare food and that there are no barriers to

changing their diets other than that they do not wish to.

Figure 1 inserted about here.

Fifty six percent of AMD and 86% non-AMD participants are self-sufficient in carrying out their
own food shopping; whilst for 28% of AMD respondents and 14% of non-AMD respondents, a
family member did this task for them. Less AMD participants are therefore self-sufficient than non-
AMD participants, and this will impact on food choices and food consumption. The remainder of
the respondents utilised other methods to obtain their food needs such as Meals-On-Wheels (Social

7
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Services) or friends. Participants were asked to identify all of the sources from which they acquire
food. Supermarkets were reported by 135 participants, and 36 also reported they purchased food
from a local shop. Some 12 participants harvest their own food. Only four AMD participants relied
upon delivered ready meals such as Meals-On-Wheels. The main reason for selecting the type of
food appears to be preference (44% AMD, 46% non-AMD), secondary to the effect on health (34%
both cohorts). Only 4% of the AMD group, and 8% of the non-AMD group listed ‘habit’ as an

influencing factor.
Age-matched comparisons between AMD and non-AMD participants

Because the AMD participants were older than the non-AMD participants, it was appropriate to
compare the non-AMD group with an age-matched sub-group of AMD participants (n=49). The
mean age of the sub-group was 68.8 years, and this did not differ significantly from the AMD group
(Spearman 0.063, p=0.662). Eighty-six percent of the group were female. There were a higher
percentage of participants in the sub-group that felt that their health was ‘extremely good’ (16%)
and this is close to the percentage of non-AMD participants ( 22%).

Table 3 shows the mean diet results of the aged-matched sub-group of AMD participants, with the
overall mean diet results from the non-AMD cohort alongside. In this comparison, the difference
between the AMD participants and the non-AMD participants is still substantial; the non-AMD
group consumed more of each nutrient analysed than the AMD age-matched sub-group. The
average energy intake for AMD participants was 1502 kilocalories compared to 2198 kilocalories
consumed by non-AMD participants (paired t-test p<0.001). However, the exception to this rule
was the L&Z intake, where the average consumption was not significantly different (1.8 mg in the
AMD group versus 1.5 mg in the non-AMD group).

Table 3 inserted about here.

Discussion

This sample of people with AMD consumed an average of 1.4 mg of L&Z. This is below the 10mg
daily amount considered to be required for augmentation of macular pigment . In addition, they
were not attaining the RDA of other nutrients such as vitamin E and calcium. Those that were not
able to cook a hot meal by themselves consumed significantly less L&Z than those that were able to
cook a hot meal. Participants were not consuming enough calories for their age group, and were

adhering to a diet with little variety. Many participants were not consuming the L&Z-rich
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vegetables, such as spinach and kale. A sample of non-AMD patients consumed calories and other

nutrients much nearer to the RDA, and consumed an average of 1.5 mg of L&Z.

In terms of differences and similarities between the AMD participants and the non-AMD
participants, the demographic characteristics were similar. Both groups ate a limited variety of
foods, and consumed similar amounts of L&Z, indicating that AMD participants were not
consuming much more than those without the condition. However, the amount of nutrients and
energy consumed was quite different between the groups, as the non-AMD cohort consumed much

more than the AMD group and in some cases even more than the RDA.

The majority of AMD participants felt their vision was poor on the day of the interview. However,
this visual impairment did not impact on their kitchen abilities as most participants felt able to cook
a hot meal, go shopping and obtain food from a supermarket themselves. Many felt that their vision
or physical capability was not preventing from changing their diet should they wish to; many did
not want to change their diet. The main factor that influenced both cohort participants’ food choices

was preference, indicating that participants would only eat food if they liked it.

Since the AMD cohort all had a form of AMD, and were motivated to contact the Macular Society
for assistance, it may be presumed that they were interested in preventing the disease from
progressing. All will have received diet advice from the Macular Society, if not from their
ophthalmologist. Overall, however, participants were not consuming enough of the majority of the
nutrients recommended, particularly L&Z. The reasons behind this are likely to be multi-factorial —
dislike for the nutrient-rich foods, lack of knowledge of how to cook or prepare them, misjudging
the amount required per day, or lack of control (family or caregivers cook food). We propose that
the most likely reason is because dietary habits are difficult to change - especially with increased
age ™. L&Z intake was associated with those who were able to cook a hot meal, indicating that

those who were more proficient in the kitchen were able to consume these foods more easily.

There does not seem to be evidence that the information that participants had received from the
Macular Society or other sources modified their behaviour. Ley’s model on effective

communication in medical practice

stresses the importance of memory next to factors such as
the understanding of information and satisfaction with the treatment. Indeed, 40-80% of medical
information provided by healthcare practitioners is forgotten immediately ®®. The greater the
amount of information presented, the lower the proportion correctly recalled *” furthermore, almost
half of the information that is remembered is incorrect . Studies have proposed three explanations

for memory loss—first, practitioner factors, such as use of medical jargon; second, the type of
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information (e.g. verbal, written); and, third, patient factors, such as low education or specific

expectations *©.

With respect to medical information, an inverse relationship has been reported between age and
amount of information correctly recalled ®®. However, although older adults have difficulty
spontaneously recalling medical information, they are able to take advantage of cues to access
verbally learned information ™®. Studies into patient compliance have shown that patients rarely
adhere fully to practitioner advice *®, and AMD patients are reported to have not complied with
recommended dietary supplement advice %29,

Many patients report not receiving any advice from their ophthalmologist or optometrist regarding
nutrition ‘. This may be partly due to the profession’s differing opinions on nutrition research, but

a patient’s recall difficulties when given medical advice may also play a role.
Other nutrients and energy

With the exception of iron and protein, AMD participants did not meet the RDA of the nutrients
analysed. AMD participants’ energy intake was lower than recommended for their age-group and
gender. This lowering of energy intake with increasing age has been found in other studies and
some suggest that this is a physiological response that older adults exhibit in reaction to a decline in
physical activity Y. Some studies ®* % suggest that those living alone might consume fewer
calories than those living with others, although we found no such relationship. A study into eating
habits of older adults found that they eat more when they are presented with variety, and this variety
is the key to increasing calorific consumption . However, the non-AMD cohort managed to reach
the RDA of many of the nutrients analysed, including calories. It may be argued that this was
because there were fewer participants in the sample, and the average age of the sample was
younger. However, when an age-matched cohort was analysed, the same differences in dietary
intake was found. The non-AMD cohort did not eat a more varied diet either; they appeared to just
eat more food than the AMD group. The cause of this is likely to also be multi-factoral; it has been
shown in studies that poorer vision impacts on an individual’s appetite ®> 2. More AMD
participants were reliant on other people to shop and prepare and cook food, and this also may limit

the amount they eat.

The Hertfordshire cohort study " found that two patterns of diet are prevalent in the older adult
group — a ‘prudent’ pattern that is characterised by fish, fruit, vegetables and wholemeal cereals,
and a ‘traditional’ pattern characterised by vegetables, processed meat and puddings. The

comparison between occupation and nutrients did not show any statistical trends in our results, but
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it was noted that 62% of AMD participants and 76% of non-AMD participants adhered to a
‘traditional’ pattern of eating with limited choices of vegetables and fruits, and traditional British
recipes such as pies, stews and roast meats. This conservative variety of vegetables saw only a
minority of AMD participants consuming the lutein-rich kale on a weekly basis, although more
participants did eat spinach.

Strengths and weaknesses

This sample may not represent all AMD patients seeking services from organisations like the
Macular Society. It is also important to find out the opinions of those with AMD who have not
sought support from non-professional organisations. The sample sizes are different, and have been
discussed. A more detailed food recall might have enhanced the study, especially to view eating
patterns. This could be performed over a number of days rather than 24 hours. It would have been
beneficial to gather other data such as participant’s BMI and activity levels to compare to calorific
intake. It is conceivable that a difference in BMI between the groups might have accounted for
some of the dietary differences reported, but as this data was not collected, it is impossible to
determine this. We feel that it is unlikely that differences between the groups are due to differences
in BMI alone, as a previous study reported lower calorie intake in visually impaired participants %)
and other studies show that food intake and dietary patterns do not appear to differ with various

BMlIs. %830

Results show that participants were not in poor health generally, suggesting that results relate to
issues with visual impairment only. Practitioners need to be consistent and unified in the advice that
is given to patients, if confusion is to be avoided. The results also show that, in spite of advice being
given to patients, they primarily eat food they enjoy and are used to. Changing eating habits
therefore, requires novel intervention methods. It is essential to design effective measures for
imparting and disseminating appropriate dietary and supplementation advice for patients with, or at
risk of, AMD.
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Figure 1. AMD participants perceived barriers to cooking food, preparing food and changing
diet.



Characteristic

Characteristic

Percentage of AMD

Percentage of Non-AMD

Participants Participants
Living
Arrangements | Own home 88% 96%
With family/friends 3% 0
Sheltered accommodation | 7% 4%
Other 2% 0
With Partner 50% 66%
Alone 46% 30%
Other family members 4% 4%
Registration Blind 16% Not Applicable
Partially sighted 21% Not Applicable
None 63% Not Applicable
General
Health Extremely good 7% 22%
Good 41% 48%
Satisfactory 19% 20%
Poor 21% 8%
Extremely poor 3% 2%
Vision Extremely good 1% 14%
Good 7% 46%
Satisfactory 35% 32%
Poor 42% 8%




Extremely poor 15% 0

3  Table 1. Selected demographic characteristics of both AMD and non-AMD participants.
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Table 2. Mean consumption of various nutrients for males and females in both the AMD cohort and
the non-AMD cohort, with the corresponding RDA for people aged over 50 years. Please note: Kcal
refers to Kilocalories, kJ Refers to Kilojoules, Mg refers to miligrams, g refers to micrograms and

G refers to grams. Spaces indicate there are no RDAs for that nutrient

Table 3. Mean age and energy/ nutrient consumption for the selected AMD subgroup and the non-
AMD group. Please note: Kcal refers to Kilocalories, kJ Refers to Kilojoules, pg refers to

micrograms, Mg refers to miligrams, and G refers to grams.



