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BSTRACT
ackground Recent research has linked overall dietary
atterns to survival in older adults.
bjectives The objective of this study was to determine the
ietary patterns of a cohort of older adults, and to explore
ssociations of these dietary patterns with survival over a
0-year period. A secondary goal was to evaluate partic-
pants’ quality of life and nutritional status according to
heir dietary patterns.
esign The Health, Aging, and Body Composition Study is
prospective cohort study of 3,075 older adults. In this

tudy, all-cause mortality was assessed from baseline
hrough Year 10. Food intake was estimated with a mod-
fied Block food frequency questionnaire, and dietary pat-
erns of 2,582 participants with complete data were de-
ived by cluster analysis.
esults Six dietary pattern clusters were identified, in-
luding a Healthy Foods cluster, characterized by higher
ntake of low-fat dairy products, fruit, whole grains, poul-
ry, fish, and vegetables. Both the High-Fat Dairy Prod-
cts and Sweets and Desserts clusters had a 1.4-fold
igher risk of mortality than the Healthy Foods cluster
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fter adjusting for potential confounders. The Healthy
oods cluster also had significantly more years of healthy

ife and more favorable levels of selected nutritional bi-
markers than the other clusters.
onclusions A dietary pattern consistent with current
uidelines to consume relatively high amounts of vegeta-
les, fruit, whole grains, poultry, fish, and low-fat dairy
roducts may be associated with superior nutritional sta-
us, quality of life and survival in older adults.
Am Diet Assoc. 2011;111:84-91.

etween 2000 and 2030, the number of adults world-
wide aged 65 years and older is projected to more
than double from approximately 420 million to 973

illion (1). In the past century, the leading causes of
eath have shifted from infectious diseases to chronic
iseases such as cardiovascular disease and cancer,
hich may be influenced by diet (2). This has drawn more
ttention to the effect of diet on mortality. As the older
dult population increases, so does the need to identify
ow dietary choices affect quality of life and survival.
Past studies have primarily assessed dietary compo-

ents or specific nutrients in relation to health. Dietary
attern analysis, which examines the overall diet, has
ecently emerged as an alternative approach that may
ave some advantages (3). Dietary pattern analysis can
apture the complexity of the diet because it accounts for
he high correlation among intakes of specific foods and
utrients, as well as interactive effects of foods or nutri-
nts, which are often interdependent in their bioavail-
bility. Furthermore, the effects of individual foods or
utrients may be more difficult to detect than that of the
iet as a whole. In addition, dietary pattern analysis can
nhance our understanding of current dietary practices,
rovide a way to evaluate health outcomes of those who
dhere to dietary guidelines, and produce results that
ay be directly applicable to updating dietary guidelines.
Dietary patterns have been examined in several ways:

n a priori approach involves calculating a score of the
verall quality of a diet based on the purported health
ffects of specific dietary constituents, whereas an empir-
cal a posteriori approach uses the dietary data at hand to
dentify dietary patterns of the study population indepen-
ently of their relevance to health. Several studies, pre-
ominantly in Europe, have explored associations of diet
cores with mortality, and many have employed a Medi-
erranean diet score (4-13). These studies found inverse
elationships between a Mediterranean diet score or a
lant-based diet score and mortality. Fewer studies have
nvestigated the associations of empirical dietary pat-

erns with mortality, especially in the United States. The
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bjective of this study was to determine the dietary pat-
erns of a US cohort of older adults and to explore asso-
iations of these dietary patterns with survival over a
0-year period.

UBJECTS AND METHODS
tudy Population
articipants aged 70 to 79 years were recruited for the
ealth, Aging, and Body Composition (Health ABC)
tudy, a prospective cohort study, from a random sample
f white Medicare beneficiaries and all age-eligible black
esidents in selected areas of Pittsburgh, PA, and Mem-
his, TN. Individuals were eligible for Health ABC if they
lanned to remain in the area for at least 3 years and
eported no life-threatening cancers and no difficulty
ith basic activities of daily living, walking one-quarter
ile or climbing 10 steps. Those who used assistive de-

ices were excluded, as were participants in any research
tudies that involved medications or modification of eat-
ng or exercise habits. All participants provided informed
onsent, and institutional review board approval was ob-
ained at both clinical centers (University of Memphis,
emphis, TN, and University of Pittsburgh, Pittsburgh,
A) and at the University of California, San Francisco,
oordinating Center. An interview on behavior, health
tatus, and social, demographic, and economic factors,
nd a clinical examination of body composition, biochem-
cal variables, weight-related health conditions, and
hysical function were administered between 1997 and
998, with subsequent follow-up assessments.
Data from baseline through Year 10 of the Health ABC

tudy were used in this analysis. The sample size for this
tudy was 2,582, after excluding participants who did not
ave a dietary assessment (n�343); men who reported an
nergy intake �800 kcal/day or �4,000 kcal/day and
omen who reported an energy intake �500 kcal/day or
3,500 kcal/day (n�103); and those with incomplete in-

ormation on control variables of interest (n�47).

ietary Assessment
ood intake was measured during Year 2 of the Health
BC Study, at the first annual follow-up visit, with a
08-item food frequency questionnaire (FFQ). The FFQ
eference period was the preceding year. This FFQ was
esigned specifically for the Health ABC Study by Block
ietary Data Systems (Berkeley, CA), based on reported

ntakes of non-Hispanic white and black residents of the
ortheast and South older than age 65 years in the third
ational Health and Nutrition Examination Survey. The
FQ was administered by a trained dietary interviewer,
nd interviews were periodically monitored to assure
uality and consistency. Wood blocks, real food models,
nd flash cards were used to help participants estimate
ortion sizes. Nutrient and food group intakes were de-
ermined by Block Dietary Data Systems. A Healthy Eat-
ng Index score, which reflects how well the diet conforms
o the recommendations of the Dietary Guidelines for
mericans and the Food Guide Pyramid, was also calcu-

ated for each participant (14).
In this study, individuals were grouped according to
heir overall dietary patterns by cluster analysis, based i
n methods used in previous studies (15,16). The purpose
f the cluster analysis was to place individuals into mu-
ually exclusive groups such that persons in a given clus-
er had similar diets that differed from those of persons in
ther clusters. First, the 108 FFQ food items were con-
olidated into 40 food groups according to similarity in
utrient content (see the Figure). The percentage of en-
rgy contributed by each food group for each participant
as calculated and used in the cluster analysis. The

eason for this standardization was to account for differ-
nces in total energy needs due to sex, age, body size, and
evel of physical activity.

The FASTCLUS procedure in SAS (version 9.1, 2003,
AS Institute Inc, Cary, NC) was used to generate di-
tary pattern clusters. This procedure requires the num-
er of clusters to be specified in advance, and generates
utually exclusive clusters by comparing Euclidean dis-

ances between each subject and each cluster center in an
nteractive process using a k-means method. The
-means method of clustering is sensitive to outliers,
hich tend to be selected as the original cluster centers.
or this reason, an initial cluster analysis was conducted
ith a predefined number of 20 clusters, and only seeds of

lusters with more than 20 members from this initial
nalysis were used in subsequent analyses with different
umbers of clusters. Cluster analysis requires advance
election of the number of clusters, which is a subjective
ecision. To determine the most appropriate number of
lusters, two to eight cluster solutions were run. A plot of
2, the proportion of variance accounted for by the clus-

ers, vs the number of clusters, and a plot of within-
luster variance vs the number of clusters were examined
o assess the ability of the clusters to segregate the study
opulation. A set of six clusters was selected, as this
olution most clearly identified distinct and nutritionally
eaningful dietary patterns while maintaining a reason-

ble sample size in each group for subsequent regression
nalyses. Mean percent energy contributions from food
roups were examined according to dietary pattern clus-
ers. Clusters were named according to food groups that
n average contributed relatively more to total energy
ntake.

iochemical Measures
asting glucose and fasting insulin were assessed at
aseline, from blood drawn through venipuncture after
n overnight fast and stored at �70°C. Plasma glucose
as measured by an automated glucose oxidase reaction

YSI 2300 Glucose Analyzer, Yellow Springs Instru-
ents, Yellow Springs, OH), and serum insulin with a

ommercially available radioimmunoassay kit (Pharma-
ia, Uppsala, Sweden). Specimens were processed accord-
ng to standardized protocols by the Laboratory of Clini-
al Biochemistry at the University of Vermont (17).
erum concentrations of folate, homocysteine, vitamin
-12, and holotranscobalamin, the biologically active

raction of vitamin B-12 and possibly a more pertinent
arker of vitamin B12 status, were quantified in a subset

f participants during Year 3 of Health ABC. Homocys-
eine was measured by a fluorescence polarization immu-
oassay, vitamin B-12 and folate by microbiological
ethods, and holotranscobalamin by a solid phase radio-
mmunoassay (18). During Year 2 of Health ABC, the
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Processed meat Bacon; breakfast sausage, including sausage biscuit; hot dogs; bologna, sliced ham, chicken salad, other lunch meats
,spohcgnidulcni,krop;hciwdnasaniro,tsaortop,tsaor,kaetsgnidulcni,feeb;faoltaem,sregrubeseehc,sregrubmaHtaeM

roast, pigs’ feet, or dinner ham; mixed dishes with meat, such as corned beef hash, stuffed cabbage, pork chow
mein, or frozen meals with meat

Liver and organ meat Liver, including chicken liver or liverwurst
Fish and other seafood Shellfish such as shrimp, scallops, crab; tuna, tuna salad, tuna casserole; other fish, broiled or baked

hciwdnashsfideirfrohsfideirFdeirf,hsiF
sehsiddeximrehto,eloressacnekcihc,wetsnekcihc;sehciwdnasnignidulcni,deliorbrodetsaor,yekrutronekcihCyrtluoP

such as chicken and dumplings, frozen meals with chicken, or chicken pot pies
nekcihcdeirFdeirf,yrtluoP

sehciwdnasggedoof-tsafdnasehciwdnastiucsibgnidulcni,sggEsggE
Low-fat dairy products Low-fat yogurt or frozen yogurt; skim or 1% milk, chocolate milk or cocoa
Higher-fat dairy products Cottage cheese; other cheese or cheese spreads, including in sandwiches; ice cream, ice milk, ice cream bars; 2%

or whole milk, chocolate milk or cocoa; non low-fat yogurt or frozen yogurt
srelooceniwroeniwfosessalGeniW

reebfosnacroselttoBreeB
sknirddeximrorouqilfostohsrosessalGrouqiL

)aetlabrehton(aetdeciroaetfospuCaeT
detanieffacedroraluger,eeffocfospuCeeffoC

,sehcaepwar;epuolatnac;)eciujton(tiurfeparg;)eciujton(seniregnatrosegnaro;sraeproselppahserf;sananaBtiurF
apricots, nectarines; applesauce, fruit cocktail, canned pears; canned, frozen, or stewed peaches or apricots; any
other fruit (grapes, honeydew, pineapple, strawberries)

edanomel,eciujenurp,eciujelppasahcusseciujtiurfrehto;eciujtiurfepargroeciujegnarOeciujtiurF
Dark-green vegetables Broccoli; spinach; collards, mustard greens, turnip greens
Dark-yellow vegetables Sweet potatoes, yams; carrots, mixed vegetables containing carrots, or stews with carrots
Tomatoes and tomato products Raw tomatoes; ketchup or salsa; tomato juice or V-8 juicea

dalasneerGsneergdalaS
klimyos;snaebdeirdrehtoyna,saepdeyekcalb,snaebhtiwilihc,snaebdekaBsemugeL

Other vegetables Coleslaw, cabbage; corn; green beans or green peas; any other vegetable, such as okra, cooked green peppers,
cooked onions

dalasotatop;dehsamdna,dekab,deliobgnidulcni)deirfton(seotatopetihWseotatoP
seotatopdeirfdnaseirfhcnerFseirfhcnerF

sdaerbkradrehtoro,eyr,taehwelohWsniargelohW
Cold breakfast cereal, fiber/bran Fiber or bran cereals
Other cold breakfast cereal Product 19b, Just Rightb, or Totalc cereal; cold cereals such as Corn Flakesb, Cheeriosc, Special Kb

Refined grains Pancakes, waffles, or French toast; biscuits, muffins; rolls, hamburger buns, English muffins, bagels; white bread,
including French, Italian, or in sandwiches; corn bread, corn muffins, hush puppies; crackers; cooked cereals such
as oatmeal, cream of wheat or grits

Rice, pasta, and mixed dishes Rice or dishes made with rice; spaghetti or other pasta with tomato sauce, such as lasagna; cheese dishes without
tomato sauce, such as macaroni and cheese, or cheese grits; stuffing or dressing
azziPazziP

)slezterpton(nrocpopdna,spihcnroc,spihcotatopsahcus,skcanSskcanS
sdeesrostunrehto,snacep,stunaep;rettubtunaePstuN

High-energy-density drinks Hi-Cd, Kool-Aide, or other drinks with added vitamin C; regular soft drinks, or bottled sweetened teas (not diet)
Meal replacement food products Instant breakfast milkshakes such as Carnationf, diet shakes such as SlimFastg, or liquid supplements such as Ensure
Mayonnaise and salad dressing Salad dressing; mayonnaise, sandwich spreads

redwohc,eldoonnekcihcsahcus,spuosrehto;puosotamotro,elbategevnekcihc,feebelbategev,elbategeVpuoS
Sweets and desserts Doughnuts, Danish pastry; cake, sweet rolls, coffee cake; cookies; pumpkin pie, sweet potato pie; any other pies or

cobbler; pudding; chocolate candy, candy bars
Miscellaneous sugar Sugar or honey in coffee, tea, or on cereal
Miscellaneous fat Butter or margarine on bread, potatoes, vegetables, etc; gravy; cream; olive oil or canola oil; corn oil, vegetable oil;

lard, fatback, bacon fat; Criscoh

aCampbell Soup Company, Camden, NJ.
bKellogg Co, Battle Creek, MI.
cGeneral Mills Corp, Golden Valley, MN.
dCoca-Cola Co, Atlanta, GA.
eKraft Foods Corp, Northfield, IL.
fNestle USA, Glendale, CA.
gUnilever USA, Englewood Cliffs, NJ.
hJ.M. Smucker Co, Orrville, OH.
igure. Food groupings used in the Health, Aging, and Body Composition Study dietary pattern analysis.
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ntioxidants vitamin C, beta carotene, and �-tocopherol,
he predominant and most active form of vitamin E, were
lso determined in a subset of participants. Vitamin C
as measured by a spectrophotometric assay performed
n a robotic chemical analyzer, and beta carotene and
-tocopherol by high pressure liquid chromatography.

ody Composition
otal fat mass, weight, and height were measured at
aseline. Total fat mass was assessed by dual energy
-ray absorptiometry (Hologic QDR 4500A, version 9.03,
998, Hologic, Inc, Waltham, MA). Weight was measured
ith a standard balance beam scale, and height mea-

ured twice with a Harpenden stadiometer (Holtain Ltd,
rosswell, Wales, UK). The two height measurements
ere averaged, and body mass index was calculated as
eight divided by the square of height.

urvival Assessment
ll-cause mortality was evaluated from baseline of
ealth ABC through November 26, 2007. Deaths were

dentified through attempts to contact participants, noti-
cation by proxy, hospital records, local newspaper obit-
aries, and Social Security Death Index data, and were
onfirmed by death certificates. Immediate and underly-
ng causes of death were adjudicated by a committee.
urvival time was defined as the time between the base-

ine clinical examination and the date of death and/or
ate of last contact.
Participants were asked to report their general health

very 6 months during in-person examinations or tele-
hone interviews. The number of years of healthy life for
ach participant was defined as the number of years from
aseline through Year 9 of Health ABC in which the
articipant reported either excellent, very good, or good
eneral health, as opposed to fair or poor health, or if the
erson was no longer alive.

ociodemographic and Lifestyle Variables
ociodemographic variables including age, sex, self-iden-
ified racial group and education, and lifestyle variables,
ncluding smoking status, alcohol consumption, and
hysical activity were assessed at baseline of the Health
BC study. Lifetime pack-years of cigarette smoking
ere calculated by multiplying cigarette packs smoked
er day by the number of years of smoking. Physical
ctivity was evaluated by a standardized questionnaire
pecifically designed for the Health ABC study. This
uestionnaire was derived from the leisure time physical
ctivity questionnaire and included activities commonly
erformed by older adults (19). The frequency, duration,
nd intensity of specific activities were determined, and
pproximate metabolic equivalent unit values assigned to
ach activity category to estimate weekly energy expen-
iture.

tatistical Analysis
haracteristics of men and women were examined by
ietary pattern cluster, and each cluster was compared to

he Healthy Foods cluster with Dunnett’s test for contin- t
ous variables and �2 test for categorical variables. For
he all-cause mortality analyses, the censor date was the
eported date of death and/or the documented date of last
ontact with the participant. The sample size was not
ufficient to examine cause-specific mortality by dietary
attern cluster. Cox proportional hazards regression was
sed to compare the risk of all-cause mortality of each
luster to the Healthy Foods cluster, and models were
djusted for possible confounding factors, including sex,
ge, race, clinical site, education, physical activity, smok-
ng, and total energy intake. None of the covariates devi-
ted from the proportional hazards assumption required
y the Cox regression model. The interaction of dietary
attern and sex was tested, as was the interaction of
ietary pattern and race. As these interactions were not
ound to be significant, analyses were conducted in the
tudy population as a whole. Statistical significance was
et at P�0.05, and analyses were performed using SAS
version 9.1, 2003, SAS Institute Inc, Cary, NC).

ESULTS
ix clusters were identified: Healthy foods (n�374); High-
at Dairy Products (n�332); Meat, Fried Foods, and Al-
ohol (n�693); Breakfast Cereal (n�386); Refined Grains
n�458); and Sweets and Desserts (n�339). Table 1 pre-
ents mean percent of total energy intake from selected
ood groups by dietary pattern cluster. The Healthy Foods
luster was characterized by relatively higher intake of
ow-fat dairy products, fruit, whole grains, poultry, fish
nd vegetables, and lower consumption of meat, fried
oods, sweets, high-energy drinks, and added fat.

As shown in Table 2, the Healthy Foods cluster had a
ignificantly higher percent of women than all other clus-
ers, as well as a higher percent of white participants, a
igher level of education, and fewer pack-years of smok-

ng. The Healthy Foods cluster also had a significantly
igher percent energy intake from protein, higher intake
f fiber, lower percent energy from saturated fat, and
ower dietary glycemic index than all other clusters. In
ddition, the Healthy Foods cluster had a significantly
igher level of physical activity, higher percent energy from
arbohydrate, lower total energy intake, lower percent en-
rgy from total fat, and lower dietary glycemic load than
ost other clusters. The Healthy Foods cluster also had a

ignificantly higher Healthy Eating Index score and more
ears of healthy life than any other cluster.
Nutrition-related biomarkers of two subsets of the

tudy population by dietary pattern cluster are presented
n Table 3. In these subsets, participants were relatively
venly distributed throughout the six clusters. The
ealthy Foods cluster had a significantly higher level of

olate, vitamin B-12, holotranscobalamin, and beta caro-
ene and a significantly lower level of homocysteine than
ost other clusters. The Healthy Foods cluster also had

ignificantly higher levels of vitamin C and �-tocopherol
han the Refined Grains cluster.

In the all-cause mortality analysis, the mean follow-up
ime from baseline was 8.4 years, with a range of 1.1 to
0.4 years. During the follow-up period, 739 participants
29.5%) died. Table 4 displays the relative risk of mortal-
ty according to dietary pattern cluster. The Healthy
oods cluster had a significantly lower risk of mortality

han the High-Fat Dairy Products cluster, the Meat,
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8

ried Foods, and Alcohol cluster, and the Sweets and
esserts cluster, after controlling for sex, age, and race.
fter further adjustment for clinical site, education,
hysical activity, smoking and total energy intake, the
igh-Fat Dairy Products cluster (relative risk 1.40 [95%

onfidence interval 1.04, 1.88]) and the Sweets and Des-
erts cluster (relative risk 1.37 [95% confidence interval
.02, 1.86]) still showed significantly higher risk of mor-
ality than the Healthy Foods cluster. No significant dif-
erences in risk of mortality were seen between the
ealthy Foods cluster and the Breakfast Cereal or Re-
ned Grains clusters.

ISCUSSION
ietary patterns were significantly associated with all-

ause mortality in this study of older adults. The Healthy
oods cluster, with relatively higher intake of low-fat
airy products, fruit, whole grains, poultry, fish, and veg-
tables, and lower intake of meat, fried foods, sweets,
igh-energy drinks, and added fat, showed lower risk of
ortality than both the High-Fat Dairy Products and
weets and Desserts clusters after adjusting for relevant

Table 1. Percent of total energy intake from selected food groups by
participants

Food group
Healthy foods
(n�374)

High-fat dairy
products
(n�332)

M
a
(

4™™™™™™™™™™™™™™™™™™™™™™™™™
Processed meat 1.7�1.9a 3.0�2.8
Meat 2.8�2.7a 3.7�3.1
Fish and other seafood 2.8�2.8a 1.4�1.8
Poultry, not fried 3.4�4.2a 1.9�2.5
Fried poultry 0.4�1.1a 1.0�1.8
Low-fat dairy products 10.4�6.3a 0.5�1.4a

Higher-fat dairy products 3.4�2.7a 17.1�6.0a

Beer 0.3�1.5a 0.4�2.0
Liquor 0.5�1.8 0.5�1.6
Fruit 8.3�5.4a 4.2�3.6
Dark green vegetables 0.4�0.5a 0.2�0.3
Dark yellow vegetables 1.0�1.2a 0.7�0.9
Other vegetables 1.4�1.4a 1.2�1.3
Whole grains 5.1�4.6a 3.0�3.8
Cold breakfast cereal,

fiber/bran 3.1�3.7 2.0�3.1
Other cold breakfast cereal 6.9�4.3 6.3�4.5
Refined grains 10.1�5.3 10.9�4.8 1
Rice, pasta, and mixed dishes 3.9�3.8 2.9�2.8a

Snacks 1.4�2.9a 1.8�3.1
Nuts 3.6�4.4 3.1�4.0
High-energy-density drinks 0.7�1.8a 2.7�4.7
Mayonnaise and salad

dressing 3.2�3.3 3.9�3.4
Sweets and desserts 6.0�4.9a 6.8�4.8
Miscellaneous fat 3.4�3.3a 4.7�3.8

aCluster with the highest or lowest percent energy contribution from this food group.
onfounders. The High-Fat Dairy Products cluster had h

8 January 2011 Volume 111 Number 1
igher intake of foods such as ice cream, cheese, and 2%
nd whole milk and yogurt, and lower intake of poultry,
ow-fat dairy products, rice, and pasta, whereas the
weets and Desserts cluster had relatively higher con-
umption of foods such as doughnuts, cake, cookies, pud-
ing, chocolate, and candy, and lower intake of fruit, fish,
ther seafood, and dark green vegetables.
Results of this study confirm findings of previous stud-

es that also found associations between dietary patterns
nd mortality (4,5,8,9,11,20-26). Several studies showed
nverse relationships between a Mediterranean dietary
attern and all-cause and cardiovascular mortality
7,8,25), whereas multiple others showed inverse associ-
tions between a plant-based diet and all-cause and car-
iovascular mortality (4,5,11,12,20,21,23,24,26). Bamia
nd colleagues (4) for example, linked increased adher-
nce to a plant-based diet to lower all-cause mortality in
dults aged 60 years and older in the European Prospec-
ive Investigation into Cancer and Nutrition-Elderly
tudy. Similarly, in a prospective study of adults in Den-
ark aged 30 to 70 years at baseline, Osler and col-

eagues (5) found inverse associations between a pattern

ry pattern cluster among Health, Aging, and Body Composition Study

rcent of Total Energy Intake

fried foods,
lcohol
93)

Breakfast cereal
(n�386)

Refined grains
(n�458)

Sweets and
desserts
(n�339)

mean�standard deviation ™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
3.3 2.7�2.8 4.1�3.6a 2.9�2.6
3.1a 3.5�3.1 3.7�3.0 3.4�2.7
2.0 1.8�2.3 1.4�1.9 1.3�1.5a

3.1 2.1�2.3 1.9�2.4 1.9�2.3a

2.6a 0.7�1.4 1.2�2.2 0.8�1.5
1.9 2.3�3.7 1.3�2.5 1.6�2.9
3.0 6.4�3.9 5.7�4.0 6.2�4.3
4.1a 0.5�2.0 0.3�1.8 0.4�1.5
3.5a 0.6�1.8 0.4�1.5a 0.5�2.0
3.7 4.8�3.9 4.2�4.0 3.5�2.9a

0.3 0.2�0.3 0.3�0.3 0.2�0.2a

1.0 0.7�0.8a 0.9�1.4 0.7�1.0
1.3 1.1�1.1 1.3�1.2 1.0�1.1a

4.1 2.9�3.7 2.0�3.1a 2.3�2.9

2.5 3.3�4.9a 1.0�2.0a 1.6�2.7
3.4 19.3�6.7a 4.3�4.3a 5.3�4.2
4.2 9.0�4.9a 24.6�6.7a 10.0�5.3
3.9a 3.0�2.8 3.1�2.8 2.9�2.5
5.2a 1.6�3.0 1.6�2.7 2.3�4.0
6.4a 2.9�4.0a 3.2�3.8 3.1�3.7
5.4a 1.8�3.2 2.7�4.3 2.1�3.4

3.8a 3.5�3.1 3.2�3.1 3.0�2.6a

4.6 6.6�5.0 6.9�5.3 25.8�8.9a

4.5a 3.8�3.3 5.2�4.0 3.9�3.4
dieta
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eat,
nd a
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*Significantly different from the Healthy Foods cluster, at P�0.05, using Dunnett’s test for continuous variables and �2 test for categorical variables.
Table 3. Nutritional biomarkers of two subsets of Health, Aging, and Body Composition (Health ABC) Study participants by dietary pattern cluster

Biomarker n Healthy foods
High-fat dairy
products

Meat, fried
foods, and
alcohol

Breakfast
cereal Refined grains

Sweets and
desserts

4™™™™™™™™™™™™™™™™™™™™™™™™™™ mean�standard error ™™™™™™™™™™™™™™™™™™™™™™™™™™™3
Folate (nmol/L)ab 809 83.9�4.0 69.1�4.8* 71.4�2.6* 76.0�3.5 61.9�3.1* 70.7�4.3
Vitamin B-12 (pmol/L)ac 803 577.6�31.2 466.3�24.9* 455.7�15.9* 487.2�38.1 439.0�22.9* 405.2�24.3*
Holotranscobalamin (pmol/L)ac 785 174.1�12.7 140.4�13.6 133.0�5.9* 131.1�9.9* 114.3�6.5* 112.5�9.0*
Homocysteine (�mol/L)a 813 8.6�0.3 9.5�0.3 9.4�0.2 9.8�0.3* 9.9�0.3* 10.4�0.5*
Vitamin C (ascorbic

acid�dehydroascorbic acid,
mg/dL)de 208 35.1�2.2 30.2�2.7 28.6�1.5 29.0�2.1 24.6�2.0* 32.1�2.0

Beta carotene (all-trans, �mol/L)df 208 1.1�0.1 0.6�0.2* 0.7�0.1* 0.6�0.1* 0.8�0.1 0.7�0.1
Vitamin E (�-tocopherol,

�mol/L)dg 207 50.7�4.3 39.8�4.3 40.0�2.2 43.3�3.6 37.1�2.7* 40.3�2.8

aValues from Year 3 of the Health ABC study.
bTo convert nmol/L folate to ng/mL, multiply nmol/L by 0.441. To convert ng/mL folate to nmol/L, multiply ng/mL by 2.26. Folate of 83.9 nmol/L�37 ng/mL.
cTo convert pmol/L vitamin B-12 to pg/mL, multiply pmol/L by 1.355. To convert pg/mL vitamin B-12 to pmol/L, mulitpy pg/mL by 0.7378. Vitamin B-12 of 577.6 pmol/L�782.6 pg/mL.
dValues from Year 2 of the Health ABC study.
eTo convert mg/dL vitamin C to �mol/L, multiply mg/dL by 56.78. To convert �mol/L vitamin C to mg/dL, multiply �mol/L by 0.0176. Vitamin C of 35.1 mg/dL�1,993 �mol/L.
fTo convert �mol/L beta carotene to �g/dL, multiply �mol/L by 53.76. To convert �g/dL beta carotene to �mol/L, multiply �g/dL by 0.0186. Beta carotene of 1.1 �mol/L�59.14 �g/dL.
gTo convert �mol/L vitamin E to mg/dL, multiply �mol/L by 0.043. To convert mg/dL vitamin E to �mol/L, multiply mg/dL by 23.22. Vitmain E of 50.7 �mol/L�2.18 mg/dL.
Table 2. Characteristics of Health, Aging, and Body Composition (Health ABC) Study participants by dietary pattern cluster

Healthy foods
(n�374)

High-fat dairy
products
(n�332)

Meat, fried foods,
and alcohol
(n�693)

Breakfast cereal
(n�386)

Refined grains
(n�458)

Sweets and
desserts
(n�339)

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™ mean�standard error ™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
Characteristic
Sex (% men) 35.8 44.9* 48.8* 57.0* 51.3* 49.3*
Age (y)a 74.1�0.1 74.5�0.2 73.7�0.1 74.2�0.1 74.1�0.1 74.3�0.2
Race (% white) 83.4 64.8* 48.1* 71.0* 47.8* 73.2*
Education (% completed

high school)a 91.4 80.1* 74.9* 83.2* 59.4* 82.6*
Smoking (lifetime pack-

years)a 13.2�1.2 20.4�1.6* 19.6�1.1* 18.8�1.4* 19.1�1.3* 20.7�1.6*
Alcohol (% any

consumption)a 58.8 47.0* 53.1 51.0* 38.7* 55.5
Physical activity (kcal/wk)a 1,538�127 924�85* 1,071�78* 1,222�94 875�77* 1,011�105*
Body compositiona

Body mass index 26.7�0.2 27.1�0.3 28.1�0.2* 27.5�0.2 27.4�0.2 26.5�0.2
Total body fat (%) 35.9�0.4 35.1�0.4 35.5�0.3 34.7�0.4 34.4�0.4* 34.8�0.4
Dietary factorsb

Total energy intake (kcal) 1,703�28 1,903�35* 1,840�25* 1,735�28 1,848�31* 2,076�36*
% kcal from carbohydrate 56.9�0.4 50.9�0.4* 50.2�0.3* 59.2�0.4* 52.5�0.3* 52.6�0.3*
% kcal from protein 17.0�0.2 14.8�0.1* 14.3�0.1* 14.1�0.1* 14.0�0.1* 12.7�0.1*
% kcal from fat 27.5�0.3 35.6�0.4* 35.8�0.3* 28.4�0.3 34.6�0.3* 36.1�0.3*
% kcal from saturated fat 7.5�0.1 11.7�0.1* 9.9�0.1* 8.1�0.1* 9.5�0.1* 10.6�0.1*
Total dietary fiber (g) 20.7�0.4 16.4�0.4* 17.2�0.3* 17.5�0.3* 16.7�0.3* 17.5�0.4*
Healthy Eating Index score 80.8�0.4 68.1�0.7* 67.2�0.4* 72.8�0.5* 67.9�0.5* 63.8�0.7*
Quality of life
Years of healthy life 6.8�0.1 6.0�0.2* 6.0�0.1* 6.3�0.1* 5.7�0.1* 6.1�0.1*

aValues from baseline of the Health ABC study.
bValues from Year 2 of the Health ABC study.
*Significantly different from the Healthy Foods cluster at P�0.05, based on Dunnett’s test for continuous variables and �2 test for categorical variables.
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oth all-cause and cardiovascular mortality. Also, in the
even Countries Study, Menotti and colleagues (26)

ound a positive relationship between food patterns high
n butter, dairy products, and other animal products and

ortality due to coronary heart disease, and an inverse
ssociation between food patterns high in cereals, le-
umes, vegetables, fish, oils, and wine and coronary heart
isease mortality.
Although culture influences dietary patterns, which are

pecific to each study population, patterns associated with
ortality in this and previous studies have features in com-
on. Virtually all studies linked a dietary pattern high in

ood groups such as vegetables, fruit, whole grains, poultry,
sh, and low-fat dairy products to lower mortality compared
o other dietary patterns. Multiple studies also related a
ietary pattern high in plant foods to reduced risk of mor-
ality. Unexpectedly, in this and several other studies, a
attern higher in red meat was not significantly associated
ith increased risk of mortality when controlled for relevant

onfounding factors. One suggested explanation is that
lant-based diets may lower health risk because plant foods
re protective, whereas diets high in animal foods may be
ore likely to increase risk only if the animal foods displace

rotective plant foods in the diet (5,25). In our study, the
eat, Fried Foods, and Alcohol clusters did have a slightly

igher percentage of total energy from vegetables, fruit, and
hole grains than both the High-Fat Dairy Products and
weets and Desserts clusters, which showed higher risk of
ortality.
In our study, the Healthy Foods cluster had more op-

imal levels of nutritional biomarkers than the other clus-
ers, particularly the Refined Grains cluster. Older adults
re at risk of inadequate vitamin B12 and folate status,
hich has been linked to increased levels of homocysteine

27). Elevated homocysteine has itself been related to
oor cognitive function, dementia, Alzheimer’s disease,
oronary heart disease, stroke, and mortality (28-32). In-
dequate antioxidant status is also of concern to older
dults, as it has been linked to risk of multiple chronic
iseases (33-35). The more favorable nutritional status of
hose in the Healthy Foods cluster, who generally ad-
ered to dietary guidelines, provides additional support
or current guidelines.

Healthy People 2010 is a set of health objectives for

Table 4. Relative risk (95% confidence interval) of all-cause mortal
pattern cluster

Healthy foods
(n�374)

High-fat dairy
products (n�332)

Meat, frie
and alcoh
(n�693)

Number of deaths 77 109 209
% 21.0 34.0 30.9

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™ re
Model 1a 1.00 1.59 (1.19, 2.14)* 1.39 (1.06
Model 2b 1.00 1.40 (1.04, 1.88)* 1.21 (0.92

aAdjusted for sex, age, and race.
bAdjusted for sex, age, race, clinical site, education, physical activity, smoking status, a
*Significantly different from the Healthy Foods cluster at P�0.05, based on Cox propor
eople in the United States to achieve in the first decade t

0 January 2011 Volume 111 Number 1
f the 21st century. A primary goal of Healthy People
010 is to increase quality and years of healthy life (36).
n our study, those in the Healthy Foods cluster had
ignificantly more years of healthy life than any other
luster. Similarly, in the US Cardiovascular Health
tudy of adults aged 65 years and older, a dietary pattern
igher in fiber and total carbohydrate and lower in total
at was associated with more years of healthy life (21).

Strengths of this study include its thorough assessment
f participants’ health status, relatively long 10-year fol-
ow-up period, and measurement of many potential con-
ounding factors, unlike several previous studies that
valuated few confounders. A limitation of this study is
hat despite its relatively large sample size, the study
opulation consisted of residents of two metropolitan ar-
as, and therefore cannot be considered nationally repre-
entative. Also, participants may have changed their di-
tary patterns over the 10-year follow-up period, though
hanges in diet would most likely attenuate differences in
ealth risk between the Healthy Foods and other clus-
ers. Furthermore, as dietary patterns have been found to
e part of specific lifestyles, it may be difficult by statis-
ical methods to fully separate effects of diet from effects
f physical activity and other lifestyle characteristics.
Results of this study suggest that older adults who

ollow a dietary pattern consistent with current guide-
ines to consume relatively high amounts of vegetables,
ruit, whole grains, low-fat dairy products, poultry, and
sh may have a lower risk of mortality. Because a sub-
tantial percentage of older adults in this study followed
he Healthy Foods dietary pattern, adherence to such a
iet appears a feasible and realistic recommendation for
otentially improved survival and quality of life in the
rowing older adult population.
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