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Abstract

sample of free living adults.

Introduction: High intake of fruit and vegetables and being physically active are associated with reduced risk of
chronic diseases. In the current study, we examined the associations of physical activity, fruit and vegetable
consumption, and TV/video watching (indicator for physical inactivity) with perceived quality of life (QOL) in a

Methods: A cohort (N = 139) from a random, multi-ethnic sample of 700 adults living in Hawaii was evaluated at
3-month intervals for the first year and 6-month intervals for the second year. QOL was assessed from self-reports
of mental or physical health at the end of the study.

Results: Overall, the cohort participants appeared to maintain relatively constant levels of physical activity, fruit and
vegetable intake, and TV/video watching. Physical activity was positively related to mental health (p-values < 0.05),
but not physical health, at all time points regardless of participants’ fruit and vegetable consumption and hours of
TV/video watching. Neither mental nor physical health was associated with fruit and vegetable intake or TV/video

watching.

status and physical inactivity, respectively.

Conclusion: Our study supports that physical activity is positively associated with mental health. Fruit and
vegetable consumption and TV/video watching may be too specific to represent an individual's overall nutritional

Introduction

High intake of fruit and vegetables and being physically
active are associated with reduced risk of chronic dis-
eases such as heart disease, diabetes, and cancers [1-5].
Despite interventions to increase physical activity in
the general population, only 30% of US adults aged 18
years or older are sufficiently active during their leisure
time according to recent surveys [6]. National cam-
paigns such as 5-A-Day have increased awareness of
the health benefits associated with fruit and vegetables;
however, the increase in consumption of these foods
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has been relatively modest compared to the decrease in
fat intake [7].

Quality of life (QOL), a conceptualization reflecting an
individual’s physical and mental well-being, has emerged
as an important consideration in disease treatment and
prevention. Research on QOL and physical activity has
predominantly focused on elderly populations or popu-
lations with chronic diseases such as cardiovascular dis-
eases, arthritis, pulmonary diseases, and cancer [1].
Although evidence consistently suggests a positive asso-
ciation between physical activity and QOL in these
populations [8,9], the relation may not be reproducible
in younger, disease-free individuals. In comparison to
the physical activity domain, fewer studies have assessed
the impact of fruit and vegetable intake on QOL and
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most of them were also conducted in diseased popula-
tions [10-14].

Physical inactivity has drawn far less research atten-
tion than physical activity; nevertheless, its adverse
health effects may be as important as the beneficial
effects of physical activity. It was reported that TV
watching, a commonly used indicator of inactivity was
associated with obesity [15,16]. Understanding beha-
vioral patterns involving nutrition, physical activity, and
inactivity and how they influence QOL is essential to
public health as positive outcomes would provide the
general public with a motivation to adopt healthy life-
styles, thereby reducing risk and incidence of chronic
diseases. In the current study, we examined the associa-
tions of fruit and vegetables consumption, physical
activity, and inactivity with QOL in a sample of free liv-
ing adults in Hawaii.

Methods

Participants and procedures

This longitudinal, cohort study used a random sample of
700 adults (18 years or older) from Hawaii. A sub-sam-
ple of 139 (20%) participants who completed QOL sur-
vey at the end of the study was used for analysis (QOL
cohort).

The detailed procedure was described previously [17].
In brief, the questionnaire was programmed into a com-
puter assisted telephone interview system and partici-
pants were recruited using random digit dialing
procedures. A qualified individual whose birthday was
closest to the date of the phone call was asked to parti-
cipate. A total of 700 adults were recruited and
informed consent was obtained from the participants.
The University of Hawaii Institutional Review Board
approved all study procedures. At baseline (T-1), 3-
month intervals (T-2, T-3, T-4, and T-5) for the first
year and 6-month intervals (T -6 and T-7) for the sec-
ond year, assessments (30-minute interviews) regarding
participants’ physical activities and nutritional behaviors
were performed. A survey of QOL was sent out at the
end of the study (T-7); 139 (20%) participants completed
the survey.

Measures of physical activity

Physical activity was assessed using the International
Physical Activity Questionnaire (IPAQ) which records
physical activity as hours and additional minutes of par-
ticipation during the past 7 days in activities rated
according to multiples of metabolic equivalents (METS).
IPAQ assesses frequency and duration of walking (3.3
METS) and moderate (4.0 METS) and vigorous (8.0
METS) physical activity, appropriate for categorization
of individuals as meeting public health guidelines for
sufficient regular physical activity. The total weekly
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physical activity levels, expressed as MET_hr/wk, were
calculated as the sum of walking and moderate and vig-
orous physical activity for the week. The IPAQ has
acceptable measurement properties for monitoring
population levels of physical activity among 18- to 65-
year-old adults in diverse settings [18].

Measures of physical inactivity

Physical inactivity/sedentary behavior was measured
according to the amount of time (hours) each partici-
pant spent on watching TV/video on an average day as
previously described [19]. Data suggest that TV/video
watching far exceeds the time spent in any other leisure
activity and represents the principal sedentary behavior
in the United States [20].

Measures of fruit and vegetable intake

The National Cancer Institute (NCI) Fruit and Vegeta-
ble screener was used in our study to assess the fre-
quency and amount of consumption of 9 categories of
fruits and vegetables (fruit, fruit juices, salad, beans,
French fries, other potatoes, tomato sauce, vegetable
soups, and other vegetables) over the previous month
[21]. Computation of total daily servings of fruit
and vegetables was described elsewhere [21]. This ques-
tionnaire provides estimated median daily servings of
fruit and vegetables similar to those from 24-hour
recalls [21].

Measures of QOL

QOL was measured using a SF-12 Health Survey (SE-
12). The SF-12 is a multipurpose short-form with 12
questions, all selected from the SF-36 Health Survey
[22]. Scale sores were estimated for four health concepts
(physical functioning, role physical, role emotional, and
mental health) using two items each, whereas the
remaining four (bodily pain, general health, vitality, and
social functioning) were represented by a single item.
All 12 items were used to calculate the physical (PCS)
and mental (MCS) component summary scores by
applying a scoring algorithm empirically based on the
data of a US general population survey [22,23]. SF-12
was chosen in the current study since overall physical
and mental health were the key outcomes of interest.

Statistical analysis
Repeated-measures MIXED model was used to evaluate
if physical activity, fruit and vegetable intake, or hours
on TV/video watching were affected by time. Mean
values at T-2, 3, 4, 5, 6 or 7 were compared to that at
baseline (T-1).

Partial correlation was used to assess the associations
of QOL outcomes (MCS or PCS) with physical activity,
fruit and vegetable consumption, or TV/video watching.
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The basic model and the full model adjusted for ethni-
city, gender, age (continuous), body mass index (BMI;
continuous), and education (continuous) were tested.
The results were similar for both models (data not
shown). We also used General Linear Model (GLM) to
examine the interactions between physical activity, fruit
and vegetable intake, and TV/video watching in relation
to MCS or PCS. T-test was used to assess the differ-
ences in the above three behavioral variables between
the total random sample and QOL cohort at baseline.

In order to examine whether QOL outcomes were asso-
ciated with certain behavioral patterns, we classified study
participants into 9 profiles. The reason for this approach
was to further explore the potential/suggestive associations
which might not be detected by the above statistical ana-
lyses using continuous variables. The classification criteria
were described as follow. A participant was classified as
“average” if all his/her values (as means calculated from
the 7 time points) for physical activity, fruit and vegetable
intake, and TV/video watching were within 0.5 SD from
the corresponding cohort means. The remaining cate-
gories (for “non-average” participants) were defined
according to whether a participant’s value for a certain
behavioral variable was greater than 0.5 SD above or less
than 0.5 SD below the cohort mean (e.g., high for physical
activity, > cohort mean for physical activity + 0.5 SD; high
for fruit and vegetable intake, > cohort mean for fruit and
vegetable intake + 0.5 SD; low for TV/video watching,

Page 3 of 6

< cohort mean for TV/video watching - 0.5 SD). SAS soft-
ware (SAS Institute, Cary, North Carolina) was used for all
analyses. All tests were two sided, and P < 0.05 was con-
sidered statistically significant.

Results

Table 1 shows baseline characteristics for the total ran-
dom sample and QOL cohort. Although QOL cohort
participants were more likely to be older, females, and
Caucasians and less likely to be Pacific Islanders com-
pared to the total random sample, there were no signifi-
cant differences in baseline physical activity levels, fruit/
vegetable consumption, and hours of TV/video watching
between the two populations. It appeared that both
populations had relatively high fruit and vegetable
intakes at baseline (6.7 for QOL cohort and 7.4 for the
total random sample).

Overall, physical activity levels, fruit and vegetable
intake, and hours of TV/video watching remained rela-
tively constant over the 2-year experimental period.
However, physical activity levels were significantly lower
at T-3 and T-6 than that at baseline. Participants also
had significantly lower fruit and vegetable intakes at T-4
and T-6 compared to baseline (Table 2).

Increasing weekly physical activity levels was signifi-
cantly associated with increasing MCS at all time points
(T-1 to T-7; P-values < 0.05). There were no significant
associations between MCS and daily fruit and vegetable

Table 1 Selected baseline characteristics of the study participants

Characteristics Total random sample QOL cohort
(N = 700) (N =139)
Age (y), mean (SD) 470 (17.1) 553 (15.5)
BMI (kg/mz), mean (SD) 259 (5.6) 247 (4.7)
Education (y), mean (SD) 146 (2.8) 156 (2.9)
Median household income ($) 40-50,000 40-50,000
Gender, n (%)
Male 256 (36.6) 36 (25.9)
Female 438 (62.6) 103 (74.1)
Ethnicity, n (%)
Caucasian 261 (37.3) 59 (42.4)
Pacific islanders 155 (22.1) 20 (14.4)
Asian 218 (31.1) 43 (30.9)
Other 60 (8.6) 15 (10.8)
In excellent/very good/good/or fair health, n (%) 655 (95.0) 133 (95.7)
Physical activity (MET_hr/wk), mean (SD) 67.5 (66.2) 63.0 (59.2)
P = 046"
Fruit and vegetable (servings/d), mean (SD) 74 (6.5) 6.7 (4.2)
P =0.10*
TV/video (hr/d), mean (SD) 2.5 (2.0) 23 (1.7)
P =0.18*

Note. QOL = quality of life; BMI = body mass index; MET = metabolic equivalent.

* T-test was performed to examine the differences between the total random sample and QOL cohort in weekly physical activity levels, daily fruit and vegetable

consumption, and daily hours of TV/video watching at baseline.
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Table 2 Levels of physical activity, fruit and vegetable intake, and TV/video watching for participants of QOL cohort

(N = 139) at the 7 time points

Time points Physical activity pP* Fruit and vegetable p* TV/video p*
(MET_hr/wk) (serving/d) (hr/d)

Baseline (T-1) 630 + 4.7 6.7 £ 04 23+£0.1

3-month (T-2) 556 4.7 0.11 70+ 04 0.51 24 £0.1 0.44

6-month (T-3) 485 + 48 0.001 6.7 £ 04 0.94 22+ 0.1 046

9-month (T-4) 585+ 47 035 58 £ 04 0.04 23+ 0.1 097

12-month (T-5) 560 + 4.8 0.13 60 + 04 0.12 23+ 0.1 094

18-month (T-6) 540 + 48 0.048 55+ 04 0.01 23+ 0.1 0.95

24-month (T-7) 619 + 48 087 66 £ 04 0.79 22 +0.1 0.50

Note: Values are presented as mean + SE; QOL = quality of life. MET = metabolic equivalent.
* P value for difference between T-1 (baseline) and T-2, T-3, T-4, T-5, T-6, or T-7 from repeated-measures MIXED model.

consumption. No significant associations were also
observed between MCS and daily hours of TV/video
watching except for T-3 and T-7, where an inverse asso-
ciation was observed. PCS was not associated with phy-
sical activity, fruit and vegetable intake, or hours of TV/
video watching (Table 3). There were no significant
interactions between physical activity, fruit and vegetable
consumption, and TV/video watching in relation to
MCS or PCS (P-values > 0.05).

The QOL outcomes for the 9 behavioral profiles were
listed in Table 4. We did not perform statistical analyses
due to small sample size for certain behavioral profiles.
Consistent with our overall findings, participants who
had average or above average physical activity levels
were also characterized by higher MCS scores regardless
of their status of fruit and vegetable consumption and/
or TV/video watching.

Discussion

Our results indicated that physical activity was predic-
tive of positive mental health irrespective of participants’
other behaviors such as fruit and vegetable intake and
TV/video watching. This observation is in agreement
with other prospective studies that showed physically
active adults had lower risk of mental distress than inac-
tive adults when measures like the SF-12, including its
parent measure, the SF-36, are used [1,24]. However,
those studies did not uniformly adjust for diet or seden-
tary behaviors that might confound the association
between perceived distress and physical activity [1,24].
The results are plausible given the large literature
from prospective cohort studies and randomized con-
trolled trials that regular physical activity is associated
with reduced symptoms of depression and anxiety,
which represent the main content areas of the mental
health scale of the SF-12. Although limited, there is
emerging evidence to support neurobiological mechan-
isms whereby physical activity can reduce feelings of

Table 3 Correlations of physical activity, fruit and
vegetable intake, and TV/video watching with QOL
outcomes at the 7 time points*

Time points MCSs PCS
r P r P
Baseline Physical activity 0.21 0.02 0.01 0.96
(T-1) Fruit and Vegetable -0.02 0.81 -002 079
TV/video -0.00 0.99 0.02 0.82
3-month Physical activity 0.21 0.02 006 050
(T-2) Fruit and Vegetable 0.02 0.84 0.03 0.75
TV/video -0.14 0.14 0.04 0.66
6-month Physical activity 0.21 0.02 008 037
(T-3) Fruit and Vegetable 0.09 0.28 -007 042
TV/video -024 0008 014 012
9-month Physical activity 0.25 0006 009 030
(T-4) Fruit and Vegetable -0.06 0.50 0.07 041
TV/video -0.01 0.96 0.07 045
12-month Physical activity 0.21 0.02 004 070
(T-5) Fruit and Vegetable 013 0.14 -006 051
TV/video -0.02 0.87 -007 045
18-month Physical activity 024 0009 012 021
(T-6) Fruit and Vegetable 0.12 0.19 0.03 0.71
TV/video -0.18 0.05 -0.06 049
24-month Physical activity 0.24 0.01 005 056
(T-7) Fruit and Vegetable 0.09 035 -004 065
TV/video -0.21 002  -006 055

Note. QOL = quality of life; MCS = mental component summary for SF.-12;
PCS = physical component summary for SF-12; r = correlation coefficient

* Partial correlations were performed and results were adjusted for ethnicity,
gender, age, body mass index, and education.
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Table 4 QOL outcomes for behavioral profiles
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Behavioral profiles*

Behavioral parameters

QOL measures

mean (SD) mean (SD)

PA FV TV/video N PA FA TV/video PCS McCS
(MET_hr/wk) (serving/d) (hr/d)

low low low 11 236 (88) 34 (1.0 1.7 (0.8) 499 (9.1) 44.1 (104)
low low high 13 156 (84) 2.7 (09 37 (1.7) 484 (11.0) 48.7 (10.6)
low high low 16 213 (9.1) 7.8 (2.0) 1.6 (0.7) 445 (11.8) 49.0 (10.3)
low high high 14 233 (123) 7.1 (1.6) 3.7 (1.1) 487 (10.9) 456 (124)
high high high 10 134.8 (57.2) 78 (2.8) 36 (0.8) 470 (9.3) 54.5 (6.7)
high high low 32 926 (38.9) 86 (3.0 1.3 (0.8) 483 (83) 537 (6.9
high low high 6 80.1 (56.0) 44 (0.5 4.1 (0.5) 510 (43) 542 (7.1)
high low low 3 449 (6.0) 3.0 (0.3) 0.6 (0.5) 469 (8.8) 54.6 (3.6)
Averagef 34 54.6 (14.9) 58 (1.6) 20 (1.8) 504 (8.6) 519 (83)

Note. QOL = quality of life; PA = physical activity; FV = fruit and vegetable intake; PCS = physical component summary for SF-12; MCS = mental component

summary for SF-12; MET = metabolic equivalent.

* 'high’ refers to the participant’s value for PA, FV or TV/video was greater than 0.5 SD above the cohort mean for the respective variables; ‘low’ refers to the
participant’s value for PA, FV, or TV/video was less than 0.5 SD below the cohort mean for the respective variables.

* Participants were classified as ‘average’ if their values for PA, FV, and TV/video were all within 0.5 SD from the corresponding cohort means.

depression or anxiety by positive influences on the cen-
tral nervous system [25,26] Alternatively, physical activ-
ity may also influence mental health through social
interactions due to the mutual support and social rela-
tionships that are provided when engaging in physical
activity with others.

No associations were found between participants’ phy-
sical health and levels of physical activity. Previous
research conducted in elderly or chronically diseased
populations demonstrated strong evidence that exercise
improved individuals’ physical conditions [1]. It is sug-
gested that older adults and those with chronic diseases
tend to have poorer physical health which creates chal-
lenges and requires specific needs concerning physical
activity [1]. Consequently, results obtained from these
populations may not be generalized to populations with
different age and physical conditions. The mean partici-
pant age in our study was 55.3 + 15.5 years. Approxi-
mately 96% reported that their health was excellent,
very good, good, or fair. Thus, the lack of association
observed in the current study could be partially attribu-
ted to our younger and healthier study population
(essentially, a ceiling effect).

In our study, neither physical nor mental health was
associated with fruit and vegetable consumption. Similar
to physical activity domain, previous studies demonstrat-
ing positive associations between nutrition and QOL
were also predominately conducted in diseased popula-
tions. In our study, the average intakes of fruit and vege-
tables at each time point were high, all exceeding the
currently recommended 5 servings/day. As a conse-
quence, the ability to detect the potential associations
may be limited due to the high intake (another ceiling
effect). Furthermore, food and nutrition can affect

people’s lives through many ways. Instead of focusing
on individual dietary component, we need to consider
the roles of other factors such as meal preparation, addi-
tional food groups, dinning environment, social interac-
tion, and cultural aspects of food and diet.

Overall, TV/video watching was not associated with
mental or physical heath in the current study. The
inverse association with MCS observed at T-3 and T-7
is intriguing and requires further investigation. It was
suggested that depression and sedentary lifestyle have
bidirectional relationships [27]. Another study by Patten
et al. [28] showed that major depressive episodes were
associated with an increased risk of transition from an
active to an inactive pattern of activity. However, physi-
cal inactivity in the above studies was measured accord-
ing to participant’s physical activity levels or daily
energy expenditure instead of quantifying the time spent
in sedentary behaviors such as TV/video watching.

There were several limitations to the current study. First,
although we used validated self-reported measures, objec-
tive indicators may provide more accurate evaluations of
behaviors. Second, QOL was only assessed at the end of
the study (T-7), resulting in a low response rate for the
survey (20%). However, in light of the evidence that parti-
cipants maintained relatively constant levels of the beha-
vioral parameters and the key variables from QOL cohort
were not considerably different from the entire sample, we
presume that our findings would persist over the 2-year
study period. Finally, we did not measure other sedentary
behaviors such as work-related physical inactivity which
could be relevant to QOL outcomes.

In conclusion, the results from this longitudinal study
indicated physical activity, superior to fruit and vegeta-
ble consumption and physical inactivity, is a main player
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influencing individual’s mental health. Our findings are
novel and support future investigations in a larger study
involving repeated measurements of QOL and multi-
behavioral frame work.
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