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Abstract
Background—Recent research has linked overall dietary patterns to survival in older adults.

Objectives—The objective of this study was to determine the dietary patterns of a cohort of
older adults, and to explore associations of these dietary patterns with survival over a 10-year
period. A secondary goal was to evaluate participants’ quality of life and nutritional status
according to their dietary patterns.

Design—The Health, Aging, and Body Composition Study is a prospective cohort study of 3,075
older adults. In this study, all-cause mortality was assessed from baseline through Year 10. Food
intake was estimated with a modified Block food frequency questionnaire, and dietary patterns of
2,582 participants with complete data were derived by cluster analysis.

Results—Six dietary pattern clusters were identified, including a Healthy Foods cluster,
characterized by higher intake of low-fat dairy products, fruit, whole grains, poultry, fish, and
vegetables. Both the High-Fat Dairy Products and Sweets and Desserts clusters had a 1.4-fold
higher risk of mortality than the Healthy Foods cluster after adjusting for potential confounders.
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The Healthy Foods cluster also had significantly more years of healthy life and more favorable
levels of selected nutritional biomarkers than the other clusters.

Conclusions—A dietary pattern consistent with current guidelines to consume relatively high
amounts of vegetables, fruit, whole grains, poultry, fish, and low-fat dairy products may be
associated with superior nutritional status, quality of life and survival in older adults.

Between 2000 and 2030, the number of adults worldwide aged 65 years and older is
projected to more than double from approximately 420 million to 973 million (1). In the past
century, the leading causes of death have shifted from infectious diseases to chronic diseases
such as cardiovascular disease and cancer, which may be influenced by diet (2). This has
drawn more attention to the effect of diet on mortality. As the older adult population
increases, so does the need to identify how dietary choices affect quality of life and survival.

Past studies have primarily assessed dietary components or specific nutrients in relation to
health. Dietary pattern analysis, which examines the overall diet, has recently emerged as an
alternative approach that may have some advantages (3). Dietary pattern analysis can
capture the complexity of the diet because it accounts for the high correlation among intakes
of specific foods and nutrients, as well as interactive effects of foods or nutrients, which are
often interdependent in their bioavailability. Furthermore, the effects of individual foods or
nutrients may be more difficult to detect than that of the diet as a whole. In addition, dietary
pattern analysis can enhance our understanding of current dietary practices, provide a way to
evaluate health outcomes of those who adhere to dietary guidelines, and produce results that
may be directly applicable to updating dietary guidelines.

Dietary patterns have been examined in several ways: an a priori approach involves
calculating a score of the overall quality of a diet based on the purported health effects of
specific dietary constituents, whereas an empirical a posteriori approach uses the dietary
data at hand to identify dietary patterns of the study population independently of their
relevance to health. Several studies, predominantly in Europe, have explored associations of
diet scores with mortality, and many have employed a Mediterranean diet score (4–13).
These studies found inverse relationships between a Mediterranean diet score or a plant-
based diet score and mortality. Fewer studies have investigated the associations of empirical
dietary patterns with mortality, especially in the United States. The objective of this study
was to determine the dietary patterns of a US cohort of older adults and to explore
associations of these dietary patterns with survival over a 10-year period.

SUBJECTS AND METHODS
Study Population

Participants aged 70 to 79 years were recruited for the Health, Aging, and Body
Composition (Health ABC) Study, a prospective cohort study, from a random sample of
white Medicare beneficiaries and all age-eligible black residents in selected areas of
Pittsburgh, PA, and Memphis, TN. Individuals were eligible for Health ABC if they planned
to remain in the area for at least 3 years and reported no life-threatening cancers and no
difficulty with basic activities of daily living, walking one-quarter mile or climbing 10 steps.
Those who used assistive devices were excluded, as were participants in any research
studies that involved medications or modification of eating or exercise habits. All
participants provided informed consent, and institutional review board approval was
obtained at both clinical centers (University of Memphis, Memphis, TN, and University of
Pittsburgh, Pittsburgh, PA) and at the University of California, San Francisco, Coordinating
Center. An interview on behavior, health status, and social, demographic, and economic
factors, and a clinical examination of body composition, biochemical variables, weight-
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related health conditions, and physical function were administered between 1997 and 1998,
with subsequent follow-up assessments.

Data from baseline through Year 10 of the Health ABC Study were used in this analysis.
The sample size for this study was 2,582, after excluding participants who did not have a
dietary assessment (n=343); men who reported an energy intake <800 kcal/day or >4,000
kcal/day and women who reported an energy intake <500 kcal/day or >3,500 kcal/day
(n=103); and those with incomplete information on control variables of interest (n=47).

Dietary Assessment
Food intake was measured during Year 2 of the Health ABC Study, at the first annual
follow-up visit, with a 108-item food frequency questionnaire (FFQ). The FFQ reference
period was the preceding year. This FFQ was designed specifically for the Health ABC
Study by Block Dietary Data Systems (Berkeley, CA), based on reported intakes of non-
Hispanic white and black residents of the Northeast and South older than age 65 years in the
third National Health and Nutrition Examination Survey. The FFQ was administered by a
trained dietary interviewer, and interviews were periodically monitored to assure quality and
consistency. Wood blocks, real food models, and flash cards were used to help participants
estimate portion sizes. Nutrient and food group intakes were determined by Block Dietary
Data Systems. A Healthy Eating Index score, which reflects how well the diet conforms to
the recommendations of the Dietary Guidelines for Americans and the Food Guide Pyramid,
was also calculated for each participant (14).

In this study, individuals were grouped according to their overall dietary patterns by cluster
analysis, based on methods used in previous studies (15,16). The purpose of the cluster
analysis was to place individuals into mutually exclusive groups such that persons in a given
cluster had similar diets that differed from those of persons in other clusters. First, the 108
FFQ food items were consolidated into 40 food groups according to similarity in nutrient
content (see the Figure). The percentage of energy contributed by each food group for each
participant was calculated and used in the cluster analysis. The reason for this
standardization was to account for differences in total energy needs due to sex, age, body
size, and level of physical activity.

The FASTCLUS procedure in SAS (version 9.1, 2003, SAS Institute Inc, Cary, NC) was
used to generate dietary pattern clusters. This procedure requires the number of clusters to
be specified in advance, and generates mutually exclusive clusters by comparing Euclidean
distances between each subject and each cluster center in an interactive process using a k-
means method. The k-means method of clustering is sensitive to outliers, which tend to be
selected as the original cluster centers. For this reason, an initial cluster analysis was
conducted with a predefined number of 20 clusters, and only seeds of clusters with more
than 20 members from this initial analysis were used in subsequent analyses with different
numbers of clusters. Cluster analysis requires advance selection of the number of clusters,
which is a subjective decision. To determine the most appropriate number of clusters, two to
eight cluster solutions were run. A plot of R2, the proportion of variance accounted for by
the clusters, vs the number of clusters, and a plot of within-cluster variance vs the number of
clusters were examined to assess the ability of the clusters to segregate the study population.
A set of six clusters was selected, as this solution most clearly identified distinct and
nutritionally meaningful dietary patterns while maintaining a reasonable sample size in each
group for subsequent regression analyses. Mean percent energy contributions from food
groups were examined according to dietary pattern clusters. Clusters were named according
to food groups that on average contributed relatively more to total energy intake.
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Biochemical Measures
Fasting glucose and fasting insulin were assessed at baseline, from blood drawn through
venipuncture after an overnight fast and stored at −70°C. Plasma glucose was measured by
an automated glucose oxidase reaction (YSI 2300 Glucose Analyzer, Yellow Springs
Instruments, Yellow Springs, OH), and serum insulin with a commercially available
radioimmunoassay kit (Pharmacia, Uppsala, Sweden). Specimens were processed according
to standardized protocols by the Laboratory of Clinical Biochemistry at the University of
Vermont (17). Serum concentrations of folate, homocysteine, vitamin B-12, and
holotranscobalamin, the biologically active fraction of vitamin B-12 and possibly a more
pertinent marker of vitamin B12 status, were quantified in a subset of participants during
Year 3 of Health ABC. Homocysteine was measured by a fluorescence polarization
immunoassay, vitamin B-12 and folate by microbiological methods, and holotranscobalamin
by a solid phase radioimmunoassay (18). During Year 2 of Health ABC, the antioxidants
vitamin C, beta carotene, and α-tocopherol, the predominant and most active form of
vitamin E, were also determined in a subset of participants. Vitamin C was measured by a
spectrophotometric assay performed on a robotic chemical analyzer, and beta carotene and
α-tocopherol by high pressure liquid chromatography.

Body Composition
Total fat mass, weight, and height were measured at baseline. Total fat mass was assessed
by dual energy x-ray absorptiometry (Hologic QDR 4500A, version 9.03, 1998, Hologic,
Inc, Waltham, MA). Weight was measured with a standard balance beam scale, and height
measured twice with a Harpenden stadiometer (Holtain Ltd, Crosswell, Wales, UK). The
two height measurements were averaged, and body mass index was calculated as weight
divided by the square of height.

Survival Assessment
All-cause mortality was evaluated from baseline of Health ABC through November 26,
2007. Deaths were identified through attempts to contact participants, notification by proxy,
hospital records, local newspaper obituaries, and Social Security Death Index data, and were
confirmed by death certificates. Immediate and underlying causes of death were adjudicated
by a committee. Survival time was defined as the time between the baseline clinical
examination and the date of death and/or date of last contact.

Participants were asked to report their general health every 6 months during in-person
examinations or telephone interviews. The number of years of healthy life for each
participant was defined as the number of years from baseline through Year 9 of Health ABC
in which the participant reported either excellent, very good, or good general health, as
opposed to fair or poor health, or if the person was no longer alive.

Sociodemographic and Lifestyle Variables
Sociodemographic variables including age, sex, self-identified racial group and education,
and lifestyle variables, including smoking status, alcohol consumption, and physical activity
were assessed at baseline of the Health ABC study. Lifetime pack-years of cigarette
smoking were calculated by multiplying cigarette packs smoked per day by the number of
years of smoking. Physical activity was evaluated by a standardized questionnaire
specifically designed for the Health ABC study. This questionnaire was derived from the
leisure time physical activity questionnaire and included activities commonly performed by
older adults (19). The frequency, duration, and intensity of specific activities were
determined, and approximate metabolic equivalent unit values assigned to each activity
category to estimate weekly energy expenditure.
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Statistical Analysis
Characteristics of men and women were examined by dietary pattern cluster, and each
cluster was compared to the Healthy Foods cluster with Dunnett’s test for continuous
variables and χ2 test for categorical variables. For the all-cause mortality analyses, the
censor date was the reported date of death and/or the documented date of last contact with
the participant. The sample size was not sufficient to examine cause-specific mortality by
dietary pattern cluster. Cox proportional hazards regression was used to compare the risk of
all-cause mortality of each cluster to the Healthy Foods cluster, and models were adjusted
for possible confounding factors, including sex, age, race, clinical site, education, physical
activity, smoking, and total energy intake. None of the covariates deviated from the
proportional hazards assumption required by the Cox regression model. The interaction of
dietary pattern and sex was tested, as was the interaction of dietary pattern and race. As
these interactions were not found to be significant, analyses were conducted in the study
population as a whole. Statistical significance was set at P≤0.05, and analyses were
performed using SAS (version 9.1, 2003, SAS Institute Inc, Cary, NC).

RESULTS
Six clusters were identified: 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); and Sweets and Desserts (n=339). Table 1 presents mean percent of total energy
intake from selected food groups by dietary pattern cluster. The Healthy Foods cluster was
characterized by relatively higher intake of low-fat dairy products, fruit, whole grains,
poultry, fish and vegetables, and lower consumption of meat, fried foods, sweets, high-
energy drinks, and added fat.

As shown in Table 2, the Healthy Foods cluster had a significantly higher percent of women
than all other clusters, as well as a higher percent of white participants, a higher level of
education, and fewer pack-years of smoking. The Healthy Foods cluster also had a
significantly higher percent energy intake from protein, higher intake of fiber, lower percent
energy from saturated fat, and lower dietary glycemic index than all other clusters. In
addition, the Healthy Foods cluster had a significantly higher level of physical activity,
higher percent energy from carbohydrate, lower total energy intake, lower percent energy
from total fat, and lower dietary glycemic load than most other clusters. The Healthy Foods
cluster also had a significantly higher Healthy Eating Index score and more years of healthy
life than any other cluster.

Nutrition-related biomarkers of two subsets of the study population by dietary pattern cluster
are presented in Table 3. In these subsets, participants were relatively evenly distributed
throughout the six clusters. The Healthy Foods cluster had a significantly higher level of
folate, vitamin B-12, holotranscobalamin, and beta carotene and a significantly lower level
of homocysteine than most other clusters. The Healthy Foods cluster also had significantly
higher levels of vitamin C and α-tocopherol than the Refined Grains cluster.

In the all-cause mortality analysis, the mean follow-up time from baseline was 8.4 years,
with a range of 1.1 to 10.4 years. During the follow-up period, 739 participants (29.5%)
died. Table 4 displays the relative risk of mortality according to dietary pattern cluster. The
Healthy Foods cluster had a significantly lower risk of mortality than the High-Fat Dairy
Products cluster, the Meat, Fried Foods, and Alcohol cluster, and the Sweets and Desserts
cluster, after controlling for sex, age, and race. After further adjustment for clinical site,
education, physical activity, smoking and total energy intake, the High-Fat Dairy Products
cluster (relative risk 1.40 [95% confidence interval 1.04, 1.88]) and the Sweets and Desserts
cluster (relative risk 1.37 [95% confidence interval 1.02, 1.86]) still showed significantly
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higher risk of mortality than the Healthy Foods cluster. No significant differences in risk of
mortality were seen between the Healthy Foods cluster and the Breakfast Cereal or Refined
Grains clusters.

DISCUSSION
Dietary patterns were significantly associated with all-cause mortality in this study of older
adults. The Healthy Foods cluster, with relatively higher intake of low-fat dairy products,
fruit, whole grains, poultry, fish, and vegetables, and lower intake of meat, fried foods,
sweets, high-energy drinks, and added fat, showed lower risk of mortality than both the
High-Fat Dairy Products and Sweets and Desserts clusters after adjusting for relevant
confounders. The High-Fat Dairy Products cluster had higher intake of foods such as ice
cream, cheese, and 2% and whole milk and yogurt, and lower intake of poultry, low-fat
dairy products, rice, and pasta, whereas the Sweets and Desserts cluster had relatively higher
consumption of foods such as doughnuts, cake, cookies, pudding, chocolate, and candy, and
lower intake of fruit, fish, other seafood, and dark green vegetables.

Results of this study confirm findings of previous studies that also found associations
between dietary patterns and mortality (4,5,8,9,11,20–26). Several studies showed inverse
relationships between a Mediterranean dietary pattern and all-cause and cardiovascular
mortality (7,8,25), whereas multiple others showed inverse associations between a plant-
based diet and all-cause and cardiovascular mortality (4,5,11,12,20,21,23,24,26). Bamia and
colleagues (4) for example, linked increased adherence to a plant-based diet to lower all-
cause mortality in adults aged 60 years and older in the European Prospective Investigation
into Cancer and Nutrition-Elderly Study. Similarly, in a prospective study of adults in
Denmark aged 30 to 70 years at baseline, Osler and colleagues (5) found inverse
associations between a pattern high in wholemeal bread, vegetables, fruit, and fish and both
all-cause and cardiovascular mortality. Also, in the Seven Countries Study, Menotti and
colleagues (26) found a positive relationship between food patterns high in butter, dairy
products, and other animal products and mortality due to coronary heart disease, and an
inverse association between food patterns high in cereals, legumes, vegetables, fish, oils, and
wine and coronary heart disease mortality.

Although culture influences dietary patterns, which are specific to each study population,
patterns associated with mortality in this and previous studies have features in common.
Virtually all studies linked a dietary pattern high in food groups such as vegetables, fruit,
whole grains, poultry, fish, and low-fat dairy products to lower mortality compared to other
dietary patterns. Multiple studies also related a dietary pattern high in plant foods to reduced
risk of mortality. Unexpectedly, in this and several other studies, a pattern higher in red meat
was not significantly associated with increased risk of mortality when controlled for relevant
confounding factors. One suggested explanation is that plant-based diets may lower health
risk because plant foods are protective, whereas diets high in animal foods may be more
likely to increase risk only if the animal foods displace protective plant foods in the diet
(5,25). In our study, the Meat, Fried Foods, and Alcohol clusters did have a slightly higher
percentage of total energy from vegetables, fruit, and whole grains than both the High-Fat
Dairy Products and Sweets and Desserts clusters, which showed higher risk of mortality.

In our study, the Healthy Foods cluster had more optimal levels of nutritional biomarkers
than the other clusters, particularly the Refined Grains cluster. Older adults are at risk of
inadequate vitamin B12 and folate status, which has been linked to increased levels of
homocysteine (27). Elevated homocysteine has itself been related to poor cognitive function,
dementia, Alzheimer’s disease, coronary heart disease, stroke, and mortality (28–32).
Inadequate antioxidant status is also of concern to older adults, as it has been linked to risk
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of multiple chronic diseases (33–35). The more favorable nutritional status of those in the
Healthy Foods cluster, who generally adhered to dietary guidelines, provides additional
support for current guidelines.

Healthy People 2010 is a set of health objectives for people in the United States to achieve
in the first decade of the 21st century. A primary goal of Healthy People 2010 is to increase
quality and years of healthy life (36). In our study, those in the Healthy Foods cluster had
significantly more years of healthy life than any other cluster. Similarly, in the US
Cardiovascular Health Study of adults aged 65 years and older, a dietary pattern higher in
fiber and total carbohydrate and lower in total fat was associated with more years of healthy
life (21).

Strengths of this study include its thorough assessment of participants’ health status,
relatively long 10-year follow-up period, and measurement of many potential confounding
factors, unlike several previous studies that evaluated few confounders. A limitation of this
study is that despite its relatively large sample size, the study population consisted of
residents of two metropolitan areas, and therefore cannot be considered nationally
representative. Also, participants may have changed their dietary patterns over the 10-year
follow-up period, though changes in diet would most likely attenuate differences in health
risk between the Healthy Foods and other clusters. Furthermore, as dietary patterns have
been found to be part of specific lifestyles, it may be difficult by statistical methods to fully
separate effects of diet from effects of physical activity and other lifestyle characteristics.

Results of this study suggest that older adults who follow a dietary pattern consistent with
current guidelines to consume relatively high amounts of vegetables, fruit, whole grains,
low-fat dairy products, poultry, and fish may have a lower risk of mortality. Because a
substantial percentage of older adults in this study followed the Healthy Foods dietary
pattern, adherence to such a diet appears a feasible and realistic recommendation for
potentially improved survival and quality of life in the growing older adult population.
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Figure.
Food groupings used in the Health, Aging, and Body Composition Study dietary pattern
analysis.
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