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Limited information is available in Asian populations regarding the association of dietary intake and patterns with
age-related functional impairments. Using data from 2 population-based cohort studies in China, the ShanghaiWo-
men’s Health Study (1996–2015) and Shanghai Men’s Health Study (2002–2015), we prospectively examined
adherence to dietary guidelines, including the Chinese Food Pagoda, the Dietary Approaches to Stop Hyperten-
sion, and the Alternative Healthy Eating Index, as well as consumption of specific foods, for their associations with
impairment in function, both physical (walking, hearing/vision) and mental (memory, decision-making). Included in
the analyses were 30,484 participants who had been followed for an average of 14.4 years and were between the
ages of 70 and 86 years at the functional status assessment. Higher dietary-recommendation adherence scores
were associated with a lower likelihood of developing functional impairments. The odds ratios ranged from 0.61
(95% confidence interval: 0.54, 0.70) to 0.83 (95% confidence interval: 0.72, 0.95) when extreme quintiles were
compared. Higher fish, poultry, vegetable, and fruit intake, moderate red meat intake, and low rice consumption
were associated with a reduced probability of having physical or mental impairments. Our findings highlight the
importance of a high-quality diet in maintaining functional status among the aged population.

diet; elderly; food; function impairments

Abbreviations: AHEI, Alternative Healthy Eating Index; CHFP, Chinese Food Pagoda; CI, confidence interval; DASH, Dietary
Approaches to Stop Hypertension; FFQ, food frequency questionnaire; OR, odds ratio; PUFA, polyunsaturated fatty acids; SMHS,
Shanghai Men’s Health Study; SWHS, Shanghai Women’s Health Study.

Aging populations are growing rapidly around the world.
By the year 2050, the global population of older adults (aged
≥60 years) is expected to increase from 841 million (2013) to
2 billion, which will comprise 21% of the world’s population
(1). Deterioration in various functional capabilities, both phys-
ical andmental, arises with aging, which can result in decreased
or lost capacity to undertake basic activities. Age-related onset
of functional impairments has become a major cause of disabil-
ity among the elderly population (2). Among the various factors
that can contribute to earlier onset of functional impairments,
dietary intake has been shown to play an important role. Diets
rich in protein, vitamins, polyunsaturated fatty acid (PUFA),
or antioxidants can potentially slow down the process or mit-
igate the impacts of functional impairments. A greater adherence
to a Mediterranean diet has been shown to be associated with

reduced risk of developing functional impairments (3–5). How-
ever, most of the existing research on this topic has been con-
ducted among Western populations, whose dietary patterns
are distinct from those of East Asian populations. Also, it re-
mains unclear whether the recommended dietary guidelines in
the United States might be associated with functional impair-
ments in the large but understudied East Asian population,
especially the Chinese.

We measured compliance with 3 dietary guidelines—the
Chinese Food Pagoda (CHFP), modified Dietary Approaches
to Stop Hypertension (DASH), and the modified Alternative
Healthy Eating Index (AHEI)—and investigated their associations
with functional impairments in 2 ongoing Chinese population-
based cohort studies. Associations with intake of specific food
groups were also assessed.
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METHODS

Study population

We used data from the Shanghai Women’s Health Study
(SWHS) and Shanghai Men’s Health Study (SMHS). Details on
the design of these 2 cohort studies have been published else-
where (6, 7). Briefly, at study enrollment, a total of 74,941 Chi-
nese women (aged 40–70 years old) and 61,480 Chinese men
(aged 40–74 years) were recruited during 1996–2000 for SWHS
and 2002–2006 for SMHS. Information on usual dietary habits,
sociodemographic factors, lifestyle, anthropometrics, and medi-
cal history was collected through in-person interviews at baseline
surveys. Participants have been followed every 2–4 years to
update their health and lifestyle information (follow-up rates:
≥92% for both cohorts) and health status. Through April 2017,
there have been a total of 5 follow-up surveys for the SWHS and
3 follow-up surveys for SMHS. The SWHS and SMHS were
approved by the ethics review boards of participating institutions,
and all participants providedwritten informed consent.

In the latest follow-up surveys, participants aged 70 years or
older (n = 18,602 for SWHS; n = 12,150 for SMHS) were
asked about their functional status (independent walking capabil-
ity, hearing/vision, memory, and independent decision-making
ability). Among them, 144 women and 124 men did not provide
answers to the related questions. A total of 18,458 women and
12,026menwere included in our final study analysis (Figure 1).

Dietary assessment

Two virtually identical, comprehensive food-frequency ques-
tionnaires (FFQs) were used to assess habitual diet at study
baseline for both cohorts. Participants were asked to recall the
frequency and average amount of the specific foods they con-
sumed during the past 12 months. The validity and reliability
of the FFQswere evaluated bymultiple 24-hour dietary recalls
recorded twice amonth for SWHS and once amonth for SMHS,
consecutively for 12 months. Food intake assessed by FFQ and
the multiple 24-hour dietary recalls correlated well (for SWHS,
correlation = 0.41–0.66; for SMHS, correlation = 0.35–0.72),
suggesting good validity of assessing major food group intake
by FFQ (8, 9).

Based on the dietary intake information, we derived 3 diet
adherence scores based on compliance with the CHFP, DASH,
or AHEI as described in detail elsewhere (10). In short, the
CHFP score was created based on 10 components (grains, ve-
getables, fruits, dairy products, beans, meat and poultry, fish
and shrimp, eggs, fats and oils, and salt) to measure the adher-
ence to 2007 Chinese Dietary Guidelines. The modified DASH
score included 7 components (including vegetables, fruits, dairy
products, meat, poultry, fish and eggs, nuts, seeds and legumes,
fats and oils, and sodium) of the original DASH score. The
modified AHEI score was developed from 8 components (veg-
etables, fruit, nuts and legumes, red or processed meat, eicosa-
pentaenoic acid and docosahexaenoic acid, PUFA, sodium, and
alcohol). Information on whole grains, sugar-sweetened bev-
erages, and trans fats were not included in our study due to data
unavailability and relatively low intake in our study population
(11–13). To score each component of food group intake, we
first determined the maximum points based on the recom-
mended intakes for each dietary guideline (45 for CHFP, 70
for modified DASH, and 80 for modified AHEI). The point
for minimum intake was set at 0. Then, intermediate intakes
between minimum and maximum amounts were graded pro-
portionately. The total score for adherence to each dietary rec-
ommendation was obtained by summing all the included
component scores.

Outcome assessment

Four questions were used to evaluate impairments in walk-
ing capability, hearing/vision, memory, and decision-making
ability separately (14). The answers to each question origi-
nally included 5 choices that represented different levels of
impairments from the least impaired to the most impaired. In
consideration of statistical power, we collapsed the outcome
variables into 2 or 3 groups in the analyses. Specifically, the
outcome assessing independent walking capability was dichot-
omized into 2 groups: can walk independently without any
assistance versus need assistance to walk. Outcomes for hear-
ing/vision, memory, and decision-making ability were defined
as having no, minor, or serious impairments in functional
status.

Baseline of SWHS (1996–

2000): Assessment of Diet,

Demographic Characteristics,

and Other Risk Factors

Baseline of SMHS (2002–

2006): Assessment of Diet,

Demographic Characteristics,

and Other Risk Factors

First, Second, 

Third, and Fourth

Follow-up

Examinations

First and Second

Follow-up

Examinations

Fifth Follow-up for SWHS/

Third Follow-up for SMHS

(2012–2016): Functional

Impairments Assessment

Figure 1. Timeline for data collection of study variables in Shanghai Women’s Health Study (SWHS), 1996–2016, and Shanghai Men’s Health
Study (SMHS), 2002–2016, China.
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Statistical analysis

We evaluated compliance with dietary guidelines by catego-
rizing dietary adherence scores into quintiles based on the distri-
bution of all study participants. Confounding variables adjusted
for in the analyses were identified a priori by their association
with both dietary intake pattern and functional status. These
included total energy intake (kcal), sex, age (continuous), marital
status (married/other), occupation (manual, clerical, profes-
sional), annual income (low, average, high), education (less
than high school, high school, college or above), comorbidity
(Charlson Comorbidity Index score (15) ≥1 or 0), alcohol use
(continuous), smoking status (previous or current smoker, non-
smoker), exercise (yes/no; “yes” was defined as exercising
at least once a week for more than 3 months), body mass index,

waist-to-hip ratio, supplement intake (yes/no; included vitamin A,
vitamin B, vitamin C, vitamin E, andmultivitamins), and ginseng
consumption (yes/no) at study baseline. Given the small percent-
age of missing data (≤3% for all the covariates), covariates with
missing values were imputed with the median for continuous
variables, or with the most common category for categorical
variables. Logistic regression analyses were used to derive the
odds ratios and 95% confidence intervals for binary outcomes,
with the lowest quintile as the reference group for each dietary
recommendation adherence score and food category sepa-
rately. Multinomial logistic regression analyses were applied
when outcomes had more than 2 categories. P values for trend
were obtained by modeling the medians of each quintile as a
continuous variable to examine the dose-response relationship
by using the Wald test. We also evaluated the associations of

Table 1. Baseline Characteristics According to Sex, ShanghaiWomen’s Health Study (1996–2015) and Shanghai
Men’s Health Study (2002–2015), China

Characteristic

Men Women
(n = 12,026) (n = 18,458)

Median Range % Median Range %

Age, years 77.7 70.0–86.2 78.1 70.0–88.0

Bodymass indexa 23.9 13.9–38.0 24.6 13.2–49.0

Waist-to-hip ratio 0.90 0.66–1.26 0.82 0.57–1.23

Education beyond high school 59.6 33.0

Occupation

Manual 36.6 53.7

Clerical 18.7 16.4

Professional 44.7 30.0

Income

Low 4.6 20.7

Average 86.3 74.6

High 9.1 4.7

Married 98.8 83.3

Alcohol consumption≥1 cup/day 28.0 2.3

Ever or current smokers 50.6 4.3

Charlson Comorbidity Index score≥1 38.8 17.8

Regular leisure-time physical activity 62.6 53.0

Supplement intakeb 24.6 23.2

Ginseng≥5 times/year 41.8 40.5

Rice intake, g/day 344.2 8.2–883.5 312.9 13.1–928.6

Redmeat intake, g/day 44.6 0–1,173.5 37.5 0–419.5

Poultry intake, g/day 10.9 0–261.4 7.6 0–282.9

Fish intake, g/day 34.6 0–472.4 32.1 0–569.3

Vegetable intake, g/day 303.4 8.9–1,842.3 249.0 5.8–2,469.2

Fruit intake, g/day 137.9 0–1,517.9 206.4 0–2,016.1

Soy/soy products intake, g/day 125.3 0–1,113.5 104.7 0–1,614.2

Oil intake, g/day 34.3 0–1,71.7 33.3 0–175.0

Total energy intake, kcal/day 1,807 535–5,540 1,611 173–5,726

a Bodymass index was calculated as weight (kg)/height (m)2.
b Supplements included vitamin A, vitamin B, vitamin C, vitamin E, andmultivitamins.
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the consumption of 8 specific food groups (rice, red meat, poul-
try, fish, vegetables, fruit, soy/soy products, and cooking oil)
with functional impairments by categorizing the amount of
intake in each food group into sex-specific quintiles. For those
food groups that showed significant association with functional
impairments, additional analyses were conducted to mutually
adjust for other food consumption.

Analyses stratified by sex, education, and comorbidity status
were conducted to assess the potential of effect modification.
Heterogeneity across strata was assessed by inclusion of inter-
action terms in the statistical model. All P values were 2-sided
and considered significant when they were <0.05. Statistical
analyses were performed using SAS, version 9.4 (SAS Institute,
Inc., Cary, North Carolina).

RESULTS

The average age was 77.7 (range, 70.0 and 86.2) years for
men and 78.1 (range, 70 and 88) years for women at the time of
functional status assessment. Compared with female partici-
pants, male participants were more likely to be currently mar-
ried, to have held a professional occupation, to have a lower
body mass index, and to have higher education and income.
Over a quarter of themale participants consumed at least 1 alco-
holic drink per day, and over half of them were either ever or
current smokers. In contrast, only a small portion of the female
participants were habitual alcohol drinkers (2.3%) or smokers
(4.3%). About 40% of the men and 18% of the women reported
at least 1 chronic disease at study baseline. Over half (62.6% of
men and 53% of women) were regular exercisers. The average
total energy intake per day was 1,807 (range, 535–5,540) kcal
for men and 1,611 (range, 173–5,726) kcal for women, with a
large proportion from rice consumption. Soy/soy products were
among the major protein sources in our study population
(Table 1).

Greater adherence levels to CHFP, DASH, or AHEI were all
significantly associated with reduced probability of developing
functional impairments after controlling for potential confoun-
ders. For walking capability, the DASH score showed the stron-
gest association, with an odds ratio of 0.76 (95% confidence
interval (CI): 0.67, 0.85), when comparing the highest with the
lowest quintile. With regard to hearing and vision, the AHEI
score showed the strongest association (odds ratio (OR) = 0.71,
95% CI: 0.62, 0.81) when comparing the highest with the low-
est quintile. Regarding memory and decision-making, a higher
AHEI score also was associated with the lowest probability of
having functional impairments, with respective odds ratios being
0.67 (95%CI: 0.58, 0.78) and 0.61 (95%CI: 0.54, 0.70).P values
for trend tests were all 0.01 or lower, except for the association
between CHFP score and having a minor problem in hearing or
vision (Table 2).

Specific food analyses showed that higher rice intake and
lower poultry, fish, vegetable, and fruit intake were significantly
associated with higher likelihood of having functional impair-
ments regardless of whether the consumption data were analyzed
continuously or categorically. The odds ratios for impaired walk-
ing capability, when comparing the highest with the lowest quin-
tile intake of rice, poultry, fish, and fruit were 1.21 (95% CI:
1.02, 1.43), 0.83 (95%CI: 0.74, 0.94), 0.74 (95%CI: 0.66, 0.84),

and 0.74 (95% CI: 0.66, 0.84), respectively. The odds ratios for
impaired hearing or vision, comparing the highestwith the lowest
quintile of poultry, fish, vegetable, and fruit intake, were 0.85
(95% CI: 0.74, 0.97), 0.79 (95% CI: 0.69, 0.91), 0.84 (95% CI:
0.73, 0.96), and 0.70 (95% CI: 0.61, 0.81), respectively. Rice,
poultry, fish, vegetable, and fruit intake were significantly associ-
ated with impairments in memory as well as decision-making
ability. Fish consumption showed the strongest inverse associa-
tion with impaired memory (OR = 0.68, 95% CI: 0.58, 0.79)
and decision-making (OR = 0.65, 95% CI: 0.57, 0.74). Fruit
intake was inversely associated with impaired decision-making
ability (OR = 0.65, 95% CI: 0.57, 0.74). High red meat intake
(fourth quintile: 44.7–64.3 grams/day for women, 52.9–75.8
grams/day for men) was associated with a lower likelihood of
impairments in walking (OR = 0.86, 95% CI: 0.77, 0.97),
memory (OR = 0.86, 95% CI: 0.75, 0.99), and decision-
making (OR = 0.82, 95% CI: 0.72, 0.93). Soy/soy product
consumption and cooking-oil use were not significantly asso-
ciated with functional impairments (Table 3).

After mutual adjustment for food group intake, higher rice
intake was positively associated with having some difficulty in
making decisions. The odds ratio comparing the highest versus
the lowest quintile of rice intake was 1.22 (95% CI: 1.01, 1.47).
A significant inverse dose-response trend was observed between
poultry intake and hearing/vision impairment (P for trend =
0.01), but point estimates comparing quintiles were not statisti-
cally significant. Higher poultry intake was associated with hav-
ing less difficulty in making decisions (OR = 0.84, 95% CI:
0.74, 0.97). Higher fish consumption was inversely associated
with impaired walking capability (OR = 0.79, 95% CI: 0.69,
0.89), memory decline (OR = 0.73, 95% CI: 0.62, 0.86), and
having difficulty in making decisions (OR = 0.75, 95% CI: 0.65,
0.87). A significant inverse dose-response trend was observed
between vegetable intake and having difficulty in decision-
making (P for trend = 0.02). Fruit intake showed an inverse
association for all 4 functional impairments under study; the
odds ratio was 0.77 (95% CI: 0.68, 0.87) for impairment in
walking, 0.70 (95%CI: 0.61, 0.81) for hearing and vision defi-
ciency, 0.85 (95% CI: 0.73, 1.00) for memory decline, and
0.73 (95% CI: 0.63, 0.84) for impairment in decision-making
(Table 4). Sensitivity analyses showed that excluding red meat
intake in themutually adjustment model did not make an appre-
ciable difference for the observed significant associations.

Additional analyses stratified by education, comorbidity, and
sex were conducted. Mutually adjusted odds ratios comparing
the highest with the lowest quintile of each food group intake are
presented in Table 5. Educational level modified several associa-
tions: rice intake with walking ability, poultry consumption with
memory and decision-making, and fruit intake with hearing/
vision, memory, and decision-making. Higher consumption of
poultry showed significant inverse associations with impairments
in memory and decision-making only among the population
with less than a high-school education. The estimated association
between fruit intake and serious impairments in hearing/vision
was stronger among those with at least a high-school education.
Estimated odds ratios stratified by comorbidity status showed
heterogeneity only for the association of rice with walking capa-
bility and decision-making, but none of the odds ratios in these
strata were statistically significant.We did not find that sexmodi-
fied the associations under study (data not shown).
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Table 2. Adjusteda Odds Ratios for Functional Impairments According to Quintiles of Adherence to Published Dietary Guidelines (Chinese Food Pagoda, Dietary Approaches to Stop
Hypertension, and Alternative Healthy Eating Index), Shanghai Women’s Health Study (1996–2015) and Shanghai Men’s Health Study (2002–2015), China

Dietary
Guideline and

Quintile
Median Score

Walking
Independently Hearing and Vision Memory Making Decisions

Unable Minor Problem Serious Problem Minor Problem Serious Problem Sometimes
Difficult Always Difficult

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

CHFP

1 28 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 32 0.94 0.85, 1.05 0.98 0.89, 1.07 0.92 0.81, 1.05 0.97 0.90, 1.06 0.95 0.83, 1.08 1.05 0.95, 1.17 0.94 0.84, 1.06

3 34 0.97 0.87, 1.09 0.93 0.85, 1.01 0.91 0.80, 1.04 0.85 0.78, 0.93 0.89 0.78, 1.02 0.91 0.82, 1.02 0.87 0.77, 0.98

4 36 0.83 0.74, 0.93 0.93 0.85, 1.02 0.81 0.71, 0.92 0.92 0.84, 1.00 0.76 0.66, 0.88 0.94 0.84, 1.05 0.78 0.69, 0.89

5 39 0.77 0.69, 0.87 1.00 0.91, 1.10 0.83 0.72, 0.95 0.91 0.83, 0.99 0.78 0.67, 0.90 0.91 0.81, 1.02 0.78 0.68, 0.89

P for trend <0.01 0.61 <0.01 0.01 <0.01 0.03 <0.01

DASH

1 37 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 43 0.94 0.84, 1.05 0.98 0.90, 1.08 0.99 0.87, 1.12 0.97 0.89, 1.05 0.94 0.82, 1.07 1.01 0.91, 1.13 0.96 0.86, 1.08

3 46 0.84 0.75, 0.94 0.95 0.87, 1.04 0.93 0.82, 1.06 0.93 0.85, 1.01 0.96 0.84, 1.10 0.93 0.83, 1.03 0.90 0.80, 1.01

4 50 0.84 0.75, 0.94 0.91 0.83, 1.00 0.81 0.71, 0.93 0.95 0.87, 1.03 0.79 0.69, 0.92 0.91 0.82, 1.02 0.75 0.66, 0.85

5 55 0.76 0.67, 0.85 0.90 0.82, 0.99 0.74 0.65, 0.85 0.87 0.80, 0.96 0.77 0.66, 0.89 0.88 0.78, 0.98 0.70 0.61, 0.80

P for trend <0.01 0.01 <0.01 <0.01 <0.01 0.01 <0.01

AHEI

1 32 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 38 0.93 0.83, 1.03 0.90 0.82, 0.98 0.94 0.83, 1.07 0.97 0.89, 1.05 0.86 0.75, 0.98 0.87 0.79, 0.97 0.87 0.78, 0.98

3 43 0.87 0.78, 0.97 0.87 0.79, 0.95 0.88 0.77, 1.00 0.91 0.84, 0.99 0.83 0.72, 0.94 0.82 0.73, 0.91 0.76 0.67, 0.86

4 47 0.84 0.75, 0.94 0.89 0.82, 0.98 0.78 0.68, 0.89 0.83 0.77, 0.91 0.78 0.68, 0.89 0.79 0.71, 0.89 0.74 0.65, 0.84

5 53 0.77 0.68, 0.86 0.85 0.77, 0.93 0.71 0.62, 0.81 0.85 0.78, 0.93 0.67 0.58, 0.78 0.81 0.72, 0.90 0.61 0.54, 0.70

P for trend <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Abbreviations: AHEI, Alternative Healthy Eating Index; CHFP, Chinese Food Pagoda; CI, confidence interval; DASH, Dietary Approaches to Stop Hypertension; OR, odds ratio.
a Odds ratios were additionally adjusted for total energy intake (Kcal), age (continuous), body mass index, waist-to-hip ratio (categorized into tertiles), marital status (married/other), occupa-

tion (manual, clerical, professional), income (low, average, high), exercise (yes/no; “yes” was defined as exercising as least once a week for more than 3 months), comorbidity (yes/no), alcohol
(continuous), education (less than high school, high school, college or above), smoking status (previous or current smoker, nonsmoker), sex, supplement intake (yes/no; included vitamin A,
vitamin B, vitamin C, vitamin E, andmultivitamins), and ginseng consumption (yes/no).
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Table 3. Adjusteda Odds Ratios Relating Quintiles of Intake for Each Food Group to Functional Impairments Among Elderly Persons, Shanghai Women’s Health Study (1996–2015) and
Shanghai Men’s Health Study (2002–2015), China

Food Group
andQuintile

Median Intake,
g/day

Walking
Independently Hearing and Vision Memory Making Decisions

Unable Minor Problem Serious Problem Minor Problem Serious Problem Sometimes
Difficult Always Difficult

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CIMen Women

Rice

1 253 222 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 301 275 0.87 0.78, 0.98 0.94 0.86, 1.03 0.85 0.74, 0.97 1.03 0.94, 1.12 0.96 0.83, 1.11 0.94 0.84, 1.06 1.03 0.91, 1.17

3 344 313 0.99 0.88, 1.12 0.98 0.89, 1.08 0.90 0.79, 1.04 1.04 0.95, 1.14 0.92 0.79, 1.07 1.07 0.95, 1.20 1.05 0.91, 1.20

4 402 351 1.00 0.87, 1.14 1.07 0.97, 1.19 1.06 0.91, 1.23 1.09 0.98, 1.21 1.10 0.93, 1.29 1.21 1.06, 1.38 1.19 1.02, 1.38

5 500 430 1.21 1.02, 1.43 1.03 0.91, 1.17 1.09 0.90, 1.31 1.21 1.07, 1.37 1.27 1.04, 1.55 1.45 1.23, 1.71 1.55 1.29, 1.86

P for trend 0.02 0.19 0.09 <0.01 0.02 <0.01 <0.01

Redmeat

1 16 12 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 31 25 0.98 0.88, 1.09 1.07 0.98, 1.17 1.12 0.99, 1.27 0.96 0.88, 1.16 1.00 0.88, 1.14 0.91 0.82, 1.01 0.98 0.87, 1.10

3 45 38 0.95 0.85, 1.06 1.04 0.95, 1.14 1.00 0.87, 1.14 0.92 0.85, 1.01 0.90 0.79, 1.04 0.94 0.84, 1.05 0.87 0.77, 0.98

4 62 53 0.86 0.77, 0.97 1.00 0.91, 1.10 1.04 0.92, 1.19 0.87 0.80, 0.95 0.86 0.75, 0.99 0.82 0.73, 0.92 0.82 0.72, 0.93

5 97 84 1.03 0.91, 1.17 0.99 0.90, 1.09 1.01 0.88, 1.16 0.95 0.86, 1.04 0.95 0.81, 1.10 0.87 0.77, 0.98 0.92 0.80, 1.05

P for trend 0.99 0.42 0.71 0.17 0.26 0.02 0.05

Poultry

1 2 1 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 6 4 0.88 0.79, 0.98 1.07 0.98, 1.18 1.07 0.94, 1.22 0.96 0.89, 1.05 0.89 0.78, 1.02 0.96 0.86, 1.07 0.87 0.77, 0.97

3 11 8 0.91 0.81, 1.01 1.02 0.93, 1.12 1.05 0.92, 1.19 0.90 0.83, 0.98 0.84 0.74, 0.96 0.88 0.79, 0.98 0.82 0.73, 0.93

4 19 14 0.84 0.75, 0.94 0.99 0.90, 1.08 0.89 0.78, 1.02 0.89 0.82, 0.97 0.83 0.72, 0.95 0.84 0.75, 0.94 0.77 0.68, 0.87

5 35 29 0.83 0.74, 0.94 0.96 0.87, 1.05 0.85 0.74, 0.97 0.87 0.80, 0.95 0.78 0.68, 0.91 0.81 0.72, 0.91 0.75 0.66, 0.85

P for trend <0.01 0.06 0.05 <0.01 <0.01 <0.01 <0.01

Fish

1 10 8 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 22 20 0.86 0.77, 0.95 0.98 0.90, 1.08 0.85 0.75, 0.96 0.97 0.90, 1.06 0.87 0.76, 0.99 0.95 0.86, 1.05 0.88 0.79, 0.99

3 35 32 0.81 0.73, 0.91 1.04 0.95, 1.14 0.94 0.83, 1.07 0.96 0.88, 1.04 0.88 0.77, 1.00 0.89 0.80, 0.99 0.87 0.77, 0.98

4 54 51 0.79 0.71, 0.89 1.05 0.96, 1.16 0.91 0.80, 1.04 0.91 0.83, 0.99 0.79 0.68, 0.90 0.81 0.72, 0.90 0.75 0.66, 0.85

5 97 94 0.74 0.66, 0.84 0.97 0.88, 1.07 0.79 0.69, 0.91 0.87 0.79, 0.95 0.68 0.58, 0.79 0.78 0.69, 0.88 0.65 0.57, 0.74

P for trend <0.01 0.54 <0.01 <0.01 <0.01 <0.01 <0.01
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Table 3. Continued

Food Group
andQuintile

Median Intake,
g/day

Walking
Independently Hearing and Vision Memory Making Decisions

Unable Minor Problem Serious Problem Minor Problem Serious Problem Sometimes
Difficult Always Difficult

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CIMen Women

Vegetables

1 140 113 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 226 183 0.90 0.81, 1.01 1.05 0.96, 1.15 0.98 0.86, 1.11 0.93 0.85, 1.01 0.96 0.84, 1.10 0.86 0.77, 0.96 0.93 0.83, 1.05

3 303 249 0.93 0.83, 1.03 1.02 0.93, 1.11 0.95 0.84, 1.08 0.98 0.90, 1.07 0.95 0.83, 1.09 0.86 0.77, 0.96 0.83 0.73, 0.93

4 396 334 0.89 0.80, 1.00 1.02 0.93, 1.12 0.96 0.84, 1.09 0.97 0.89, 1.06 0.96 0.83, 1.10 0.88 0.78, 0.98 0.79 0.69, 0.89

5 577 494 0.95 0.84, 1.07 0.97 0.88, 1.07 0.84 0.73, 0.96 0.90 0.82, 0.98 0.82 0.71, 0.96 0.81 0.72, 0.91 0.71 0.62, 0.81

P for trend 0.46 0.29 0.01 0.06 0.02 <0.01 <0.01

Fruit

1 23 48 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 83 128 0.86 0.77, 0.95 0.98 0.90, 1.08 0.98 0.86, 1.11 0.86 0.79, 0.94 0.84 0.74, 0.96 0.86 0.77, 0.96 0.91 0.81, 1.02

3 138 206 0.72 0.65, 0.81 0.97 0.88, 1.07 0.87 0.76, 0.99 0.91 0.84, 1.00 0.79 0.69, 0.91 0.88 0.79, 0.98 0.76 0.67, 0.86

4 203 296 0.81 0.73, 0.91 0.88 0.80, 0.97 0.76 0.67, 0.87 0.88 0.80, 0.96 0.78 0.67, 0.90 0.86 0.77, 0.96 0.71 0.62, 0.80

5 313 445 0.74 0.66, 0.84 0.81 0.73, 0.89 0.70 0.61, 0.81 0.81 0.74, 0.88 0.79 0.69, 0.92 0.80 0.71, 0.90 0.65 0.57, 0.74

P for trend <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Soy/soy
products

1 40 29 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 81 63 0.99 0.88, 1.11 1.06 0.97, 1.16 1.07 0.94, 1.22 0.98 0.90, 1.07 0.96 0.83, 1.10 0.92 0.82, 1.03 0.90 0.80, 1.02

3 125 105 1.04 0.93, 1.16 1.09 1.00, 1.19 1.11 0.97, 1.26 1.00 0.92, 1.09 0.99 0.86, 1.14 0.98 0.87, 1.09 0.97 0.86, 1.10

4 196 188 1.07 0.95, 1.20 1.06 0.97, 1.16 1.01 0.89, 1.15 0.97 0.89, 1.06 0.95 0.83, 1.09 0.92 0.83, 1.03 0.97 0.85, 1.09

5 342 332 1.05 0.93, 1.17 1.02 0.93, 1.12 1.08 0.95, 1.23 0.98 0.90, 1.07 0.91 0.80, 1.05 0.95 0.85, 1.07 0.90 0.80, 1.02

P for trend 0.30 0.79 0.67 0.66 0.20 0.65 0.27

Cooking oil

1 550 625 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 830 833 0.97 0.86, 1.09 1.09 1.00, 1.19 1.19 1.04, 1.36 1.04 0.95, 1.13 1.08 0.93, 1.26 0.98 0.87, 1.10 1.00 0.88, 1.14

3 1,030 1,000 1.11 0.99, 1.25 1.07 0.98, 1.17 1.11 0.97, 1.26 1.07 0.98, 1.17 1.13 0.97, 1.31 1.05 0.94, 1.18 1.06 0.93, 1.21

4 1,275 1,250 1.05 0.93, 1.18 1.00 0.92, 1.10 1.13 0.99, 1.30 1.07 0.98, 1.17 1.18 1.02, 1.37 1.06 0.95, 1.19 1.09 0.96, 1.25

5 1,683 1,667 1.07 0.95, 1.20 1.04 0.95, 1.14 1.10 0.96, 1.26 1.07 0.98, 1.17 1.16 1.00, 1.35 1.09 0.97 1.22 0.97 0.85, 1.10

P for trend 0.17 0.94 0.53 0.14 0.05 0.07 0.67

Abbreviations: CI, confidence interval; OR, odds ratio.
a Odds ratios were additionally adjusted for total energy intake (Kcal), age (continuous), body mass index, waist-to-hip ratio (categorized into tertiles), marital status (married/other), occupa-

tion (manual, clerical, professional), income (low, average, high), exercise (yes/no; “yes” was defined as exercising as least once a week for more than 3 months), comorbidity (yes/no), alcohol
(continuous), education (less than high school, high school, college or above), smoking status (previous or current smoker, nonsmoker), sex, supplement intake (yes/no; included vitamin A,
vitamin B, vitamin C, vitamin E, andmultivitamins), and ginseng consumption (yes/no).
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Table 4. Mutually Adjusteda Odds Ratios Relating Quintiles of Intake for Each Food Group to Functional Impairments Among Elderly Persons, Shanghai Women’s Health Study (1996–2015)
and Shanghai Men’s Health Study (2002–2015), China

Food Group
andQuintile

Median Intake,
g/day

Walking
Independently Hearing and Vision Memory Making Decisions

Unable Minor Problem Serious Problem Minor Problem Serious Problem Sometimes
Difficult Always Difficult

Men Women OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Rice

1 253 222 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 301 275 0.84 0.75, 0.95 0.90 0.82, 0.99 0.78 0.68, 0.89 0.99 0.91, 1.08 0.90 0.78, 1.05 0.91 0.81, 1.02 0.93 0.82, 1.06

3 344 313 0.92 0.81, 1.05 0.93 0.84, 1.03 0.79 0.68, 0.92 0.98 0.89, 1.08 0.83 0.71, 0.97 1.00 0.88, 1.14 0.89 0.77, 1.02

4 402 351 0.90 0.78, 1.04 0.99 0.88, 1.11 0.87 0.74, 1.03 1.01 0.90, 1.13 0.94 0.79, 1.12 1.10 0.95, 1.26 0.93 0.79, 1.09

5 500 430 0.99 0.82, 1.20 0.89 0.77, 1.04 0.77 0.62, 0.96 1.05 0.91, 1.21 0.96 0.76, 1.21 1.22 1.01, 1.47 1.00 0.81, 1.24

P for trend 0.79 0.51 0.11 0.48 0.61 0.03 0.84

Poultry

1 2 1 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 6 4 0.91 0.82, 1.02 1.08 0.98, 1.18 1.09 0.96, 1.24 0.97 0.90, 1.06 0.92 0.80, 1.05 0.98 0.88, 1.09 0.89 0.79, 1.00

3 11 8 0.96 0.86, 1.07 1.02 0.93, 1.12 1.06 0.93, 1.21 0.91 0.84, 1.00 0.88 0.76, 1.01 0.91 0.82, 1.02 0.86 0.76, 0.97

4 19 14 0.91 0.81, 1.02 0.98 0.90, 1.08 0.92 0.80, 1.05 0.92 0.84, 1.00 0.88 0.76, 1.01 0.89 0.80, 1.00 0.83 0.73, 0.94

5 35 29 0.91 0.80, 1.03 0.95 0.87, 1.05 0.88 0.76, 1.01 0.91 0.83, 1.00 0.86 0.74, 1.00 0.89 0.79, 1.00 0.84 0.74, 0.97

P for trend 0.08 0.09 0.01 0.06 0.06 0.02 0.02

Fish

1 10 8 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 22 20 0.89 0.80, 0.99 0.99 0.90, 1.09 0.86 0.76, 0.98 1.00 0.92, 1.08 0.90 0.79, 1.02 0.99 0.89, 1.10 0.93 0.83, 1.05

3 35 32 0.86 0.77, 0.96 1.06 0.96, 1.16 0.98 0.86, 1.12 1.00 0.91, 1.09 0.92 0.80, 1.06 0.95 0.85, 1.06 0.94 0.83, 1.07

4 54 51 0.84 0.75, 0.95 1.08 0.98, 1.19 0.96 0.84, 1.10 0.95 0.87, 1.04 0.84 0.72, 0.97 0.88 0.78, 0.99 0.84 0.74, 0.96

5 97 94 0.79 0.69, 0.89 1.00 0.91, 1.11 0.85 0.74, 0.99 0.92 0.84, 1.01 0.73 0.62, 0.86 0.88 0.78, 1.00 0.75 0.65, 0.87

P for trend <0.01 0.80 0.10 0.04 <0.01 0.01 <0.01

Vegetables

1 140 113 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent 1.00 Referent

2 226 183 0.96 0.86, 1.08 1.06 0.97, 1.16 1.01 0.89, 1.15 0.95 0.87, 1.03 1.01 0.88, 1.16 0.90 0.80, 1.00 0.99 0.88, 1.11

3 303 249 1.01 0.90, 1.13 1.04 0.94, 1.14 1.01 0.88, 1.15 1.01 0.94, 1.11 1.03 0.89, 1.18 0.92 0.82, 1.02 0.91 0.80, 1.03

4 396 334 0.99 0.88, 1.12 1.06 0.96, 1.17 1.04 0.91, 1.19 1.03 0.94, 1.12 1.05 0.91, 1.22 0.96 0.85, 1.07 0.90 0.79, 1.02

5 577 577 1.07 0.94, 1.22 1.03 0.93, 1.14 0.93 0.80, 1.08 0.97 0.88, 1.07 0.91 0.78, 1.08 0.91 0.80, 1.04 0.83 0.79, 1.02

P for trend 0.31 0.84 0.37 0.91 0.41 0.34 0.02
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Comorbidity status modified the association between DASH
score and having difficulty in decision-making; the significant
inverse association only existed among participants with no
comorbidity (OR = 0.74, 95% CI: 0.62, 0.89). Sex also modu-
lated the associations of CHFP and DASH scores with decision-
making. The estimated inverse associations were significant
only among women. The association between AHEI score and
walking capability showed significant heterogeneity between
men and women, with men showing a stronger association with
a higher AHEI score, when compared with women (Table 6).
No significant effect modification by educational level was
seen (data not shown).

DISCUSSION

In this large-scale population-based study of Chinese men
and women aged 70–88 years, we found that greater adherence
to dietary guidelines (CHFP, DASH, and AHEI), reflecting an
overall higher diet quality, was associated with a lower proba-
bility of having physical or mental impairments. Magnitudes of
reduction in functional impairments ranged from 17% to 39%
when extreme quintiles were compared. Higher poultry, fish,
vegetable, and fruit intake were shown to be associated with a
lower likelihood of having functional impairments when a wide
range of potential confounders, caloric intake, and consump-
tions of these foods were mutually adjusted. Additionally, socio-
economic status, measured by educational level, modified some
of the associations between food group intake and functional
impairments. Comorbidity and sex modulated the associations
between adherence to dietary guidelines and functional
impairments.

Our findings are generally consistent with previous reports on
this topic. Prospective cohort studies have linked greater adher-
ence to aMediterranean-style diet with reduced risk of frailty and
cognitive impairment (16–18). In a population-based study from
Australia, greater adherence to the Healthy Eating Index for Aus-
tralians was found to be associated with a reduced likelihood of
developing concurrent vision and hearing loss (19). In a 13-year
follow-up study of elderly French women, it was found that
recent cognitive decline was associated with lower intakes of
poultry, fish, animal fats, and soluble dietary fiber, and that frailty
was associated with a lower intake of vegetables (20). In theWo-
men’s Health Initiative observational study, higher protein con-
sumption was associated with a dose-responsive lower risk of
incident frailty in older women (21). Results from the Taiwan
Longitudinal Study of Aging suggested that a diet that includes
low consumption offish and fruitsmay adversely affect cognitive
function in older Taiwanese (22).

Several potential explanations have been proposed for the
identified associations between dietary food groups and func-
tional impairments. Animal source proteins are complete proteins
and are a source of higher biological-value proteins than plant
proteins (23–25). Higher intake of such protein can help over-
come the age-related blunting capacity of protein synthesizing,
absorption, and utilization to meet nutritional demands (26, 27).
Studies have shown a link between lower dietary protein and
lean body mass loss (28, 29). Low muscle mass is known to be
associated with both physical and cognitive impairment (30–34).
Moreover, research has shown that omega-3 PUFA-enrichedT
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Table 5. Adjusteda Odds Ratios Comparing the Highest to the Lowest Quintile of Intake for Each Food Group in Relation to Functional Impairments Among Elderly Persons, Stratified by
Education and Comorbidity, Shanghai Women’s Health Study (1996–2015) and Shanghai Men’s Health Study (2002–2015), China

FoodGroup and
Stratum

Walking
Independently Hearing and Vision Memory Making Decision

Unable Minor Problem Serious Problem Minor Problem Serious Problem Sometimes Difficult Always Difficult

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Rice

Less than high
school

0.98 0.93, 1.04 1.02 0.97, 1.07 0.97 0.91, 1.03 0.98 0.94, 1.02 0.99 0.93, 1.05 1.04 0.99, 1.10 0.97 0.92, 1.03

High school or
more

1.01 0.93, 1.09 0.98 0.93, 1.03 0.99 0.91, 1.07 1.06 1.01, 1.12 0.99 0.90, 1.09 1.06 0.98, 1.14 1.03 0.95, 1.13

P for interaction 0.01 0.81 0.63 0.35 0.87 0.41 0.31

Poultry

Less than high
school

0.97 0.94, 1.00 1.00 0.97, 1.03 0.97 0.93, 1.01 0.97 0.95, 1.00 0.95 0.91, 0.99 0.95 0.92, 0.98 0.94 0.91, 0.98

High school or
more

0.99 0.94, 1.04 0.97 0.94, 1.00 0.95 0.90, 1.00 0.98 0.95, 1.02 0.99 0.93, 1.05 1.00 0.96, 1.05 0.99 0.94, 1.05

P for interaction 0.33 0.69 0.97 <0.01 0.25 <0.01 0.02

Fish

Less than high
school

0.94 0.91, 0.98 1.01 0.98, 1.04 0.96 0.92, 1.01 0.99 0.96, 1.01 0.94 0.90, 0.98 0.96 0.92, 0.99 0.96 0.92, 0.99

High school or
more

0.94 0.89, 0.99 1.02 0.99, 1.06 1.01 0.95, 1.06 0.97 0.94, 1.00 0.93 0.87, 0.99 0.98 0.93, 1.03 0.89 0.84, 0.94

P for interaction 0.24 0.63 0.52 0.05 0.55 0.48 0.38

Vegetables

Less than high
school

1.01 0.98, 1.05 1.02 0.99, 1.06 1.00 0.95, 1.04 1.00 0.97, 1.02 1.00 0.95, 1.04 0.99 0.96, 1.03 0.95 0.91, 0.99

High school or
more

1.03 0.97, 1.08 0.99 0.96, 1.02 0.99 0.93, 1.05 1.01 0.98, 1.05 0.97 0.91, 1.04 0.98 0.93, 1.04 0.97 0.91, 1.03

P for interaction 0.97 0.98 0.61 0.14 0.77 0.84 0.30

Fruit

Less than high
school

0.95 0.91, 0.98 0.95 0.92, 0.98 0.93 0.89, 0.97 0.96 0.93, 0.99 0.95 0.91, 0.99 0.98 0.95, 1.02 0.90 0.86, 0.93

High school or
more

0.92 0.87, 0.97 0.94 0.91, 0.97 0.88 0.83, 0.93 0.98 0.95, 1.02 0.99 0.93, 1.06 0.97 0.92, 1.02 0.97 0.92, 1.03

P for interaction 0.45 0.07 0.04 0.02 0.50 0.02 0.72

Rice

No comorbidity 1.01 0.96, 1.06 0.99 0.95, 1.03 0.97 0.92, 1.03 1.01 0.97, 1.05 0.98 0.92, 1.04 1.06 1.01, 1.12 0.98 0.93, 1.04

≥1 comorbidity 0.97 0.90, 1.04 1.04 0.97, 1.11 0.98 0.89, 1.07 1.01 0.95, 1.08 1.03 0.93, 1.13 1.01 0.94, 1.10 1.01 0.93, 1.10

P for interaction <0.01 0.40 0.44 0.10 0.06 0.06 <0.01

Table continues
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Table 5. Continued

Food Group and
Stratum

Walking
Independently Hearing and Vision Memory Making Decision

Unable Minor Problem Serious Problem Minor Problem Serious Problem Sometimes Difficult Always Difficult

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Poultry

No comorbidity 0.98 0.95, 1.02 0.99 0.96, 1.01 0.96 0.92, 0.99 0.96 0.94, 0.99 0.97 0.93, 1.01 0.97 0.94, 1.00 0.95 0.92, 0.99

≥1 comorbidity 0.96 0.92, 1.01 0.97 0.93, 1.02 0.97 0.91, 1.02 1.01 0.97, 1.05 0.95 0.89, 1.01 0.96 0.91, 1.01 0.97 0.92, 1.02

P for interaction 0.48 0.84 0.62 0.49 0.46 0.26 0.21

Fish

No comorbidity 0.94 0.91, 0.97 1.01 0.98, 1.04 0.98 0.94, 1.02 0.99 0.96, 1.01 0.93 0.89, 0.97 0.96 0.93, 0.99 0.93 0.89, 0.97

≥1 comorbidity 0.95 0.90, 1.00 1.03 0.98, 1.07 1.00 0.94, 1.06 0.96 0.92, 1.00 0.94 0.88, 1.00 0.96 0.91, 1.01 0.95 0.89, 1.00

P for interaction 0.77 0.62 0.85 0.57 0.66 0.62 0.34

Vegetables

No comorbidity 1.01 0.97, 1.05 1.01 0.98, 1.03 0.98 0.94, 1.02 1.00 0.98, 1.03 0.99 0.95, 1.04 0.99 0.96, 1.03 0.95 0.91, 0.99

≥1 comorbidity 1.02 0.97, 1.07 1.01 0.97, 1.06 1.01 0.95, 1.08 1.00 0.96, 1.04 0.98 0.92, 1.05 0.98 0.92, 1.03 0.96 0.91, 1.02

P for interact 0.77 0.64 0.98 0.48 0.48 0.62 0.56

Fruit

No comorbidity 0.95 0.92, 0.99 0.94 0.91, 0.96 0.91 0.88, 0.95 0.96 0.93, 0.98 0.96 0.92, 1.00 0.97 0.94, 1.00 0.91 0.87, 0.95

≥1 comorbidity 0.93 0.89, 0.98 0.96 0.92, 1.01 0.92 0.87, 0.97 1.00 0.96, 1.04 0.97 0.91, 1.03 1.00 0.95, 1.06 0.95 0.90, 1.00

P for interaction 0.33 0.96 0.88 0.42 0.69 0.14 0.79

Abbreviations: CI, confidence interval; OR, odds ratio.
a Odds ratios were additionally adjusted for total energy intake (Kcal), age (continuous), body mass index, waist-to-hip ratio (categorized into tertiles), marital status (married/other), occupa-

tion (manual, clerical, professional), income (low, average, high), exercise (yes/no; “yes” was defined as exercising as least once a week for more than 3 months), comorbidity (yes/no), alcohol
(continuous), education (less than high school, high school, college or above), smoking status (previous or current smoker, nonsmoker), sex, supplement intake (yes/no; included vitamin A,
vitamin B, vitamin C, vitamin E, andmultivitamins), and ginseng consumption (yes/no).
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Table 6. Adjusteda Odds Ratios Comparing the Highest to the Lowest Scoring Quintile of Adherence to Published Dietary Guidelines (Chinese Food Pagoda, Dietary Approaches to Stop
Hypertension, and Alternative Healthy Eating Index) in Relation to Functional Impairments Among Elderly Persons, Stratified by Comorbidity and Sex, Shanghai Women’s Health Study
(1996–2015) and Shanghai Men’s Health Study (2002–2015), China

Dietary Guideline and
Stratum

Walking
Independently Hearing and Vision Memory Making Decisions

Unable Minor Problem Serious Problem Minor Problem Serious Problem Sometimes Difficult Always Difficult

OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI OR 95%CI

CHFP

No comorbidity 0.81 0.70, 0.94 0.98 0.88, 1.09 0.80 0.68, 0.94 0.93 0.84, 1.03 0.78 0.65, 0.93 0.93 0.84, 1.03 0.78 0.65, 0.93

≥1 comorbidity 0.72 0.59, 0.89 1.09 0.90, 1.32 0.92 0.71, 1.18 0.86 0.72, 1.02 0.80 0.61, 1.04 0.86 0.72, 1.02 0.80 0.61, 1.04

P for interaction 0.89 0.96 0.61 0.09 0.08 >0.99 0.10

DASH

No comorbidity 0.77 0.66, 0.89 0.88 0.79, 0.98 0.72 0.61, 0.84 0.87 0.78, 0.96 0.74 0.62, 0.89 0.87 0.78, 0.96 0.74 0.62, 0.89

≥1 comorbidity 0.76 0.61, 0.93 0.98 0.81, 1.18 0.84 0.64, 1.08 0.91 0.76, 1.08 0.85 0.66, 1.11 0.91 0.76, 1.08 0.85 0.66, 1.11

P for interaction 0.71 0.30 0.09 0.85 0.35 0.31 0.02

AHEI

No comorbidity 0.77 0.67, 0.89 0.82 0.73, 0.91 0.64 0.55, 0.75 0.83 0.75, 0.92 0.70 0.59, 0.83 0.83 0.75, 0.92 0.70 0.59, 0.83

≥1 comorbidity 0.74 0.60, 0.92 0.96 0.79, 1.17 0.93 0.71, 1.21 0.93 0.78, 1.11 0.63 0.48, 0.84 0.93 0.78, 1.11 0.63 0.48, 0.84

P for interaction 0.98 0.09 0.16 0.46 0.46 0.75 0.44

CHFP

Men 0.70 0.57, 0.86 1.08 0.94, 1.25 0.89 0.72, 1.10 0.91 0.79, 1.04 0.85 0.66, 1.09 0.91 0.79, 1.04 0.85 0.66, 1.09

Women 0.82 0.71, 0.96 0.94 0.83, 1.07 0.79 0.66, 0.94 0.91 0.81, 1.02 0.74 0.62, 0.89 0.91 0.81, 1.02 0.74 0.62, 0.89

P for interaction 0.13 0.31 0.39 0.33 0.13 0.59 0.01

DASH

Men 0.74 0.60, 0.91 1.00 0.87, 1.15 0.79 0.64, 0.98 0.88 0.77, 1.02 0.82 0.64, 1.05 0.88 0.77, 1.02 0.82 0.64, 1.05

Women 0.76 0.66, 0.89 0.83 0.73, 0.93 0.70 0.59, 0.84 0.87 0.78, 0.98 0.74 0.62, 0.90 0.87 0.78, 0.98 0.74 0.62, 0.90

P for interaction 0.98 0.46 0.67 0.30 0.12 0.74 0.01

AHEI

Men 0.66 0.53, 0.81 0.87 0.76, 1.01 0.78 0.63, 0.96 0.85 0.74, 0.99 0.65 0.50, 0.84 0.85 0.74, 0.99 0.65 0.50, 0.84

Women 0.82 0.71, 0.94 0.83 0.73, 0.94 0.66 0.56, 0.79 0.86 0.77, 0.96 0.69 0.58, 0.83 0.86 0.77, 0.96 0.69 0.58, 0.83

P for interaction <0.01 0.92 0.32 0.82 0.65 0.44 0.14

Abbreviations: AHEI, Alternative Healthy Eating Index; CHFP, Chinese Food Pagoda; CI, confidence interval; DASH, Dietary Approaches to Stop Hypertension; OR, odds ratio.
a Odds ratios were additionally adjusted for total energy intake (Kcal), age (continuous), body mass index, waist-to-hip ratio (categorized into tertiles), marital status (married/other), occupa-

tion (manual, clerical, professional), income (low, average, high), exercise (yes/no; “yes” was defined as exercising as least once a week for more than 3 months), comorbidity (yes/no), alcohol
(continuous), education (less than high school, high school, college or above), smoking status (previous or current smoker, nonsmoker), sex, supplement intake (yes/no; included vitamin A, vita-
min B, vitamin C, vitamin E, andmultivitamins), and ginseng consumption (yes/no).
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foods (such as fish) play an important role in supporting human
cognitive processes (35) and can regulate genes for maintaining
synaptic function and plasticity in animals (36). A deficiency of
omega-3 PUFA has also been shown to be related to higher
likelihood of cognitive decline (37–39).

The association of vegetables and fruits with physical and
mental functional capacities may be attributed to beneficial
antioxidants and vitamins rich in these foods. Both are signifi-
cantly associated with decreased risk of chronic diseases (40)
and oxidative damage (41), as well as maintenance of immune
system responses (42). The inverse association between fruit
intake and sensory impairments could probably be mediated by
reduction of inflammation, oxidative stress, or improving endo-
thelial dysfunction among older adults (43–47). For the majority
of the observed significant associations, fruit intake remained
associated with functional impairment after mutual adjustment
for other food groups, whereas vegetable intake did not. A poten-
tial explanation for this is that fruits are consumed raw while
vegetables are often cooked in our study population. Some bene-
ficial nutrients, such as antioxidative vitamin C, may get lost dur-
ing the cooking process. In addition, vegetable intake in our study
population is in general high, and variation is not as large as with
fruit intake. Furthermore, our FFQs have a higher validity to cap-
ture information on fruit intake (for the SWHS, correlation =
0.55; for the SMHS, correlation = 0.72) versus vegetable intake
(for the SWHS, correlation = 0.41; for the SMHS, correlation =
0.42). The latter two may reduce the statistical power to detect an
association between vegetable intake and functional impairment.
Research from other populations is needed to confirm our
speculation.

Rice is the most common energy source among the Chinese,
particularly elderly Chinese, accounting for approximately 70%
of total caloric intake in our study population. Higher rice intake
was significantly associated with multiple areas of functional
decline when consumption of other foods was not controlled
for. However, after adjusting for other foods, most of the rice
associations were no longer significant. These results indicate
that higher rice intake may become detrimental only when its
consumption replaces the intake of other, more nutritious foods.
Our study also found that higher poultry consumption showed
a stronger protective association for those with a lower educa-
tional level. The possible explanation for this could be that par-
ticipants with lower socioeconomic status generally are not able
to afford to consumemuch high-quality protein from other foods
or are more likely to face other detrimental exposures that we
did not capture in this study.

Regarding dietary adherence scores, AHEI showed the stron-
gest association, especially for cognitive impairment. This lends
further support to the important role of PUFA in maintaining
cognitive function among the elderly, given the fact that AHEI
is the only index that gives weights to eicosapentaenoic acid,
docosahexaenoic acid, and PUFA consumption as independent
components. Although the CHFP index also showed inverse as-
sociations with functional impairments, the estimated associa-
tions were generally not as strong as for the DASH or AHEI
score. This might be explained by the main difference between
CHFP and the other 2 indices: the recommendation ofminimum
grains consumption. For our study population, the majority of
grains consumed were white rice, which has been shown to be
detrimental in the food group analysis.

To our knowledge, our study is the largest longitudinal study
to comprehensively assess the association between dietary pat-
terns and physical/mental functioning among an elderly East
Asian population.We have also included in our analyses a wide
range of potential confounders to minimize confounding bias.
Nevertheless, when interpreting our results, several limitations
must be taken into account. First, we are relying on just 4 ques-
tions in the survey to capture the information on functional im-
pairments. The item used to assess walking capability was from
a validated measure of self-reported physical function, the
RAND SF-36 scale (48). The other 3 questions were adopted
from publications with unknown validation status. Second, the
functional assessment was conducted only during the latest
follow-up survey, meaning that we cannot completely rule out
the possibility of reverse causation between our exposure and
outcomes. However, this possibility is less likely because of the
long interval between dietary assessment and the functional
status assessment (average interval = 13.0 years, standard
deviation = 2.7 years). Third, the results in Table 3 should be
interpreted with some caution because multiple comparisons
were not considered for the estimated odds ratio. When a
Bonferroni-corrected P value threshold of 0.006 (0.05/8) was
applied, the trend tests remained statistically significant for the
associations of rice intake with cognitive function, poultry with
walking ability and cognitive function, vegetables with decision-
making, and fish and fruit with all 4 outcomes. Finally, hearing
and vision were measured simultaneously in a single question,
so that inferences cannot be made for each of them separately.
Therefore, well-designed studies would be needed to validate
our findings.

In conclusion, our study indicates that dietary intake
plays an important role in the development of both physical
and mental functional impairments among elderly Chinese.
Greater compliance with either Chinese or US dietary
recommendations; higher consumption of fish, poultry,
vegetables and fruit; and moderate consumption of red
meat may delay the onset or development of these aging-
related impairments.
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