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Abstract

Objectives—To determine the associations between diet quality, body mass index (BMI), and 

health-related quality of life (HRQOL) as assessed by the health and activity limitation index 

(HALex) in older adults.

Design—Multivariate linear regression models were used to analyze associations between 

Dietary Screening Tool (DST) scores, BMI and HALex score, after controlling for gender, age, 

education, living situation, smoking, disease burden and self-vs. proxy reporting.

Setting—Geisinger rural aging study, Pennsylvania.

Participants—5,993 GRAS participants were mailed HRQOL and DST questionnaires with 

4,009 (1,722 male, 2,287 female; mean age 81.5 ± 4.4) providing complete data.

Results—HALex scores were significantly lower for participants with dietary intakes 

categorized as unhealthy (<60) (0.70, 95% CI 0.69, 0.72, p<0.05) or borderline (60-75) (0.71, 95% 

CI 0.70, 0.73, p<0.05) compared to those scoring in the healthy range (>75) (0.75, 95% CI 0.73, 

0.77) based on DST scores. HALex scores were significantly lower for underweight (0.67, 95% CI 

0.63, 0.72, p<0.05), obese class II (0.68, 95% CI 0.66, 0.71, p<0.05) and class III participants 

(0.62 95% CI 0.57, 0.67, p<0.05) compared to those with BMI 18.5-24.9.
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Conclusions—Poor diet quality, as assessed by the DST, is associated with lower HRQOL in 

adults ≥ 74 years of age.
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Introduction

Though life expectancy continues to rise, the increase in length of life does not necessarily 

equate with an increase in quality years of living (1). Quality of life (QOL) is a broad 

multidimensional concept based on subjective measures of life (2). More specifically, health 

related quality of life (HRQOL) encompasses aspects of quality of life that have been shown 

to affect health including physical and mental health perceptions (2). HRQOL is a research 

priority in the aging population (2). Evaluating measures for monitoring HRQOL in the 

United states is a goal of healthy People 2020 (3, 4). Greater understanding of the factors 

that impact HRQOL in an aging population with a high prevalence of chronic health 

conditions can guide interventions to improve QOL (1, 3, 5). The health and activity 

Limitation index (HALex) is a single measure of HRQOL consisting of two components: 

perceived health and activity limitation. While both poor diet quality (6) and a BMI ≥ 30 

have been shown to contribute to decreased HRQOL (7-9) in older adults, this association 

has not been well characterized. Furthermore, understanding of the relationship between diet 

quality and HRQOL is even more limited (10). The objective of this study was to determine 

the associations between diet quality as assessed by the Dietary screening tool (DST), BMI 

and HRQOL assessed by the HALex in adults aged 74 and older.

Subjects and Methods

The Geisinger Rural Aging Study (GRAS) began in 1994 with more than 20,000 adults > 65 

years old enrolled in a Medicare managed health maintenance organization (11). Specific 

details of subject recruitment have been published previously (11). Participants have been 

followed as a longitudinal cohort over time. Repeated measures of height, weight, 

medication use, living environment, self-rated health and functional status are available.

All surviving GRAS participants (n=5,993) were mailed a demographic and health 

questionnaire and the DST for the current study in fall of 2009. After follow-up 4,009 (67%) 

(1,722 male, 2,287 female; mean age 81.5 years) participants provided complete information 

including age, height, weight, smoking status, dietary information, self-rated health and self-

reported functional limitations among other characteristics. Additionally, self-report or 

proxy reporting by someone other than the participant was noted. The study protocol was 

approved by both the Office of Research Protections at the Pennsylvania State University 

and the Human Research Protection Program of the Geisinger Health Systems Institutional 

Review Board. Consent was implied by survey completion.
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DST, BMI and HALex

The DST has been described in detail previously (11, 12). Briefly, extensive analysis of the 

dietary intake of rural older adults in the GRAS cohort was used to derive 25 food-based 

questions. All questions were created to capture usual intake and points were allotted for 

each question based upon breakdown of major dietary components of the Healthy Eating 

Index (HEI)-2005. The possible score range is from 0-100 points; with five “bonus” points 

for multivitamin/mineral supplement use (score could not exceed 100). Responses were 

scored according to the previously validated scoring algorithm with a score < 60 considered 

‘unhealthy’, 60-75 ‘borderline’, and > 75 ‘healthy’ (12). The DST demonstrated good test-

retest reliability with a coefficient of 0.83 (p<0.0001) (12) and was validated through 

analyzing relations between dietary patterns and dietary data derived from multiple 24 hour 

recalls (11). For this analysis, BMI was assessed per National Institutes of Health (NIH) 

guidelines with a BMI of < 18.5 considered low, 18.5-24.9 healthy, 25-29.9 overweight, > 

30 obese class I, 35-39.9 obese class II and ≥ 40 obese class III.

The HALex is a measure that combines an individual's report of activity limitation and self-

rated health into a single HRQOL score that ranges from 0.00 (death) to 1.00 (optimal 

health) (13). An individual who reports being in excellent health and having no functional 

limitations (i.e., no limitations in activities of daily living (ADLs) or instrumental activities 

of daily living (IADLs)) receives a score 1.00. Scores on this 0-1.00 continuum were derived 

based on five states of self-rated health (excellent, very good, good, fair and poor) and six 

levels of activity limitation (not limited, limited- other, limited- major, unable- major, 

limited in IADL, limited in ADL) (13). The HALex was originally developed using data 

from the National Health Interview Survey (NHIS) and validated using 41,104 persons over 

the age of 18 standardized to 10,000 persons by age and gender group (14). Age was a 

consideration for placement on the score matrix regarding activity limitation categories (14). 

In the present analysis, all participants were ≥ 74 years old, so to model findings as closely 

as possible to those analyses used in tool development, only categories befitting these age 

groups (not limited, limited in IADL, limited in ADL) were used. The range of present 

scores is 0.1 to 1.00.

Statistical Analysis

All data were analyzed using the Statistical Analysis Software Package 9.3 (SAS Institute 

Inc., Cary, NC). Multivariate linear regression models were used to analyze associations 

between continuous HALex score as the dependent variable with BMI and DST based on 

previously derived categories. Results are presented as adjusted mean (LSMEAN) HALex 

score with 95% CI adjusted for age (continuous), gender, education (< high school v. > high 

school), smoking status (ever/never), living situation (with spouse, son/daughter, other 

family, other, alone), self-vs. proxy reporting and disease burden. The disease burden 

covariate is a continuous variable accounting for self-reported diseases including 

hypertension, diabetes, high cholesterol, lung disease or breathing problems, cancer, 

coronary heart disease, heart failure, angina and heart attack. P-values represent the 

comparison between the indicated group and the referent group. Participants missing any of 

the aforementioned variables made up a combined total of less than two percent of the 
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sample and were excluded in multivariate analyses. Effect modification by gender, BMI, 

age, education, smoking, living situation, self-vs. proxy reporting and disease burden was 

assessed by including the individual factor (e.g., gender) and its cross-product term in 

separate models with each of the independent variables of interest, DST score and BMI. 

Effect size was determined using f2 and effect sizes for both models were moderate (0.19) 

(15). We used Bonferroni's adjustment for multiple comparisons, and significance was set at 

P<0.05.

Results

Descriptive characteristics are presented in Table 1. Compared to those who provided 

complete information, non-responders and those with incomplete information were older 

(83.2 vs. 81.4; p<0.05) and more likely to be female (OR: 1.3 95% CI 1.2, 1.50, p<0.05). 

The entire cohort was comprised of primarily non-Hispanic white, high-school educated, 

self-reporting individuals. While females had significantly higher diet quality than males 

(DST scores 61.9± 12.7 vs. 58.2 ± 12.5, p<0.05), the inverse was true for HALex scoring 

(Males: 0.75 ± 0.20, Females: 0.73 ± 0.22, p<0.05). However, this interaction did not reach 

statistical significance. the mean DST score overall was very close to the ‘unhealthy’ range 

(60.4 ±12.7).

The association between DST score and HALex score was assessed (Table 2). Adjusted 

HALex score was examined by categorical DST score based on previously defined 

breakdowns (12). Participants with both ‘unhealthy’ (0.70, 95% CI 0.69, 0.72, p<0.05) and 

‘borderline’ diets (0.71, 95% CI 0.70, 0.73 p<0.05) had significantly lower adjusted HALex 

score than those with a ‘healthy’ diet (0.75, 95% CI 0.73, 0.77) even after correction for 

multiple adjustments. There were no differences in mean HALex scores between unhealthy 

and borderline diets (p=0.38). No significant and meaningful interactions were found for any 

of the potential effect modifiers examined. Additionally, there was no significant interaction 

effect between DST and BMI.

Differences in HALex score between all BMI categories were examined. BMI categories 

that differed from the referent group (i.e. BMI 18.5-24.9; 0.76, 95% CI 0.75, 0.77) included 

those who were underweight (BMI < 18.5; 0.67, 95% CI, 0.63, 0.72, p<0.05) and those with 

a BMI of 35.0-39.9 (0.68, 95% CI 0.66, 0.71, p <0.05) or ≥ 40.0 (0.62, 95% CI 0.57, 0.67, p 

<0.05), presenting with much lower HALex scores. Those who were in the BMI ranges of 

35-39.9 (p<0.05) and ≥ 40 (p<0.05) had lower HALex scores than those who were in the 

25-29.9 range. No significant interaction terms were found for any potential effect 

modifiers.

Discussion

We found that poor diet quality is inversely associated with HRQOL. These results were not 

only statistically significant, but clinically meaningful with a moderate effect size (f2=0.19). 

Other assessments have shown that adherence to higher quality diets is associated with 

increased HRQOL independent of weight status in 11,015 men and women greater than 18 

years of age (16). Recent research found a relationship between adherence to dietary 
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guidelines and both initial mental HRQOL at study baseline and a positive change in 

physical HRQOL over twelve years of follow-up in adults aged 45-60 years (17). It remains 

that the relationship between diet and HRQOL in older adults has not been extensively 

examined, and the association of diet with HALex, has to our knowledge, not previously 

been studied. Our investigation demonstrates a strong association between higher diet 

quality and greater quality of life in older adults. Poor diet quality has also been shown to 

contribute to frailty in older adults (18) and improvement in diet quality, through increased 

fruit and vegetable consumption and reduction in added fats, sugars and sweets, serve as 

potential targets for extending quality years of living.

Our results also suggest that underweight and obesity are associated with lower HRQOL. 

Large cross-sectional analyses of healthy men and women over 18 years (9, 19) have shown 

that both underweight and obesity are inversely associated with HRQOL. Cross sectional 

analysis of adults 65 years and older (n=7,080) (20) has also shown that both underweight 

and obesity are inversely associated with HRQOL. In all of these studies, HRQOL was 

assessed by varying tools that differed in domains of focus. Prior studies (21, 22) that related 

poorer HALex scores to elevated BMI examined much younger cohorts and contrary to our 

results found that associations with lower HALex scores began at a BMI of 25-29.9 as 

opposed to BMI ≥35 in our investigation. These observations highlight the importance of 

age in the consideration of BMI (21, 22).

Major strengths of the present analysis are the large sample and favorable response rate 

(67%) for an understudied population of rural community-dwelling older adults (≥74 years). 

There remain some limitations that should be addressed. Health rating, functional 

limitations, presence of disease, height, weight and dietary data were all self-reported, 

allowing for the possibility of recall bias. However, as the outcome of interest is an 

assessment of perceived quality of life, self-reporting of the aforementioned attributes may 

be more meaningful for interpretation. Of note, only 16% of participants in the present study 

reported any level of functional limitation compared to national averages of approximately 

25% in 75-79 year olds and 50% in those ≥ 85 years old (23). This could be attributable to a 

relatively healthy cohort of older community-dwelling adults, or to under-reporting of 

functional limitations. The DST was developed based on the dietary patterns of a very 

homogenous sample. Validity of the DST should be tested in more diverse populations to 

broaden its applicability. Lastly, only gender and projected age were available for non-

responders, and so further non-responder analysis could not be performed.

The DST is a validated self-administered questionnaire that can be completed in various 

settings in under ten minutes (11). The HALex is also easily administered and scored. the 

association between these variables indicates that diet quality plays a role in HRQOL in 

older adults independent of BMI; thus, improving diet may help to promote increased 

quality years of life. additionally, BMI less than 18.5 or greater than 35 and especially 

greater than 40 was associated with lower HRQOL supporting previous studies that have 

suggested that both low and high BMI result in poorer HRQOL (9, 20). In a population 

where 86% of the sample had a sub-optimal diet (DST <75), there would appear to be 

opportunity for improvements in diet quality that could benefit many older persons.
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Conclusions

The population continues to age, and though associations between aging and lower HRQOL 

have been found, the impact of age alone is attenuated after controlling for covariates (24). 

These observations, together with the findings from the present study, indicate that 

improving diet quality and promoting appropriate weight status in older adults may together 

maintain or improve HRQOL in aging.
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Table 1
Demographic and personal characteristics by gender for Geisinger Rural Aging Study 
(GRAS)

Demographic and Personal Characteristics Males N (%) Females N (%)

N1 1722 [43.0] 2287 [57.0]

Mean Age (y)2 81.3 ±4.2 81.5 ±4.5

Race

 White 1654 [98.2] 2234 [99.1]

 Non-Hispanic Black 29 [1.7] 15 [0.7]

 Other 1 [0.1] 4 [0.2]

Education

 Less than High School 435 [25.9] 548 [24.6]

 ≥High School 1246 [74.1] 1677 [75.4]

Ever smoke

 Yes 61 [3.6] 82 [3.7]

 No 1629 [96.4] 2159 [96.3]

Self v. Proxy Report

 Self-Report 1525 [89.7] 2101 [93.0]

 Proxy 175 [10.3] 158 [7.0]

Live With…

 Spouse 1225 [72.1] 870 [38.7]

 Son or Daughter 77 [4.5] 232 [10.3]

 Other Family 24 [1.4] 52 [2.3]

 Other 30 [1.8] 43 [1.9]

 Alone 344 [20.4] 1050 [46.8]

BMI

 <18.5 (Underweight) 14 [0.8] 59 [2.6]

 18.5-24.9 (Normal weight) 460 [26.7] 696 [30.4]

 25-29.9 (Overweight) 814 [47.3] 839 [36.7]

 30-34.9 (Obese Class I) 350 [20.3] 478 [20.9]

 35-39.9 (Obese Class II) 71 [4.1] 159 [7.0]

 ≥40 (Obese Class III) 13 [0.8] 56 [2.4]

Mean HALex Score 0.73 ±0.21

Mean DST Score 58.2 ±12.5 61.9 ±12.7

DST Categories

 Unhealthy (<60) 917 [53.3] 925 [40.4]

 Borderline (60-75) 629 [36.5] 976 [42.7]

 Health (>75) 176 [10.2] 386 [16.9]

1
Number, Percentage;

2
Mean ± St Dev
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Table 2
Adjusted Mean HALex Score for DST score and BMI

Variable Adjusted Mean HALex Score (95% CI) P-Value

DST Score1

 Unhealthy (<60) 0.70 (0.69,0.72) <0.0001

 Borderline (60-75) 0.71 (0.70,0.73) 0.0005

 Healthy (>75) 0.75 (0.73,0.77) Referent

BMI2

 <18.5 (Underweight) 0.67 (0.63, 0.72) 0.01

 18.5-24.9 (Normal Weight) 0.76 (0.74, 0.77) Referent

 25-29.9 (Overweight) 0.76 (0.75, 0.77) 1.00

 30-34.9 (Obese Class I) 0.75 (0.73, 0.76) 1.00

 35-39.9 (Obese Class II) 0.68 (0.66, 0.71) <0.0001

 ≥40 (Obese Class III) 0.62 (0.57, 0.67) <0.0001

1
Controlling for categorical BMI (18.5-24.9 as referent), disease burden, sex, education, age, smoking status, living situation and self-vs. proxy 

report (Bonferroni's Adjustment);

2
Controlling for Sex, categorical DST score (Healthy as referent), disease burden education age, smoking status, living situation and self-vs. proxy 

report (Bonferroni's Adjustment)
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