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Abstract

This study aimed to investigate the association between plant protein intake and health-related quality of life (HRQoL) in
Korean individuals aged 50 years or older. Using the 2016-2018 Korea National Health and Nutrition Examination Survey data,
7,956 participants (3,434 men and 4,522 women) were included in the study. HRQoL was measured using the Euro-quality
of life five-dimension (EQ5D), composed of physical function, self-care, daily activities, pain/discomfort, and anxiety/depression
problems. The EQSD estimates were converted into an EQ5D index score. The association between daily intake of plant proteins
and HRQoL was evaluated using regression analysis. The intake of total plant protein, legume nut seed (LNS), and fermented
bean (FERMB) proteins were all positively associated with HRQoL in both men and women (p < 0.01). Of EQ5D’s five dimensions,
physical function and daily activities were most commonly associated with plant protein intake. Compared to LNS protein or
FERMB protein intake, total plant protein intake showed a better association with HRQoL. In conclusion, a significant association
was observed between plant protein intake and HRQoL. It suggests that adequate intake of plant protein might be helpful for

the maintenance or improvement of HRQoL in Korean adults.
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I. Introduction

Health-related quality of life (HRQoL) is a broad multidimensional
concept that usually includes subjective evaluations of both
positive and negative quality of life that are most affected by
health or illness (Bergner, 1989). HRQoL has commonly used
to evaluate the impact of illness or treatment on quality of life.
It is usually measured as a single score via self-percieved multiple
indicators of health status and physical and emotional functioning
(Yin, Njai, Barker, Siegel, & Liao, 2016). These measures also
can provide the relationships between HRQoL and risk or
preventive factors including dietary intake.

HRQoL is directly related to sarcopenia, a decline in muscle
strength (Clark & Manini, 2008; Newman et al., 2006; Visser
et al., 2005). Sarcopenia is characterized by loss of muscle mass,
strength, and function in older adults. It is closely related to
decreased physical function and detrimental poor functional
outcomes (Malmstrom, Miller, Simonsick, Ferrucci, & Morley,
2016), eventually leading to impaired health-related quality of life
(HRQoL) (Beaudart et al., 2016). Unfortunately, the prevalence
of sarcopenia is increasing among older adults. A recent Korean
nationwide longitudinal research revealed that 21% of men and
14% of women aged >70 years were diagnosed with sarcopenia
(Kim & Won, 2020).

Sufficient protein intake is essential for maintaining or
improving muscle power and size (Bauer et al., 2013). However,
the consumption of sufficient amounts of protein from animal
sources may be difficult for older adults for several reasons, such
as the presence of cardiometabolic disease, impaired digestive
ability, lack of appetite, and economic feasibility (Berrazaga et

al., 2020). On the contrary, plant proteins are easily accessible and

contain various antioxidants and phytochemicals. Phytochemicals
in plants can prevent the adverse effects of oxidative stress and
minimize skeletal muscle breakdown by reducing inflammation
(Islam et al., 2016). Hence, plant proteins are considered valuable
alternatives to animal proteins (Berrazaga, Micard, Gueugneau, &
Walrand, 2019). Legume, nut, seed (LNS), and fermented bean
(FERMB) proteins are considered more valuable substitutes for
animal protein than other plant sources. LNS proteins are an
important source of essential amino acids including leucine,
lysine, and valine (De Gavelle, Huneau, Bianchi, Verger, & Mariotti,
2017). FERMB proteins can enhance food digestibility and may
remove toxic or undesirable food components (Terefe & Augustin,
2020). Therefore, the adequate consumption of LNS and protein
and FERMB proteins may be helpful for improving the HRQoL
by reducing physical functional problems in the elderly. This study
aimed to investigate the association between HRQoL and the
levels of total plant protein, LNS, and FERMB protein intake in

older Korean individuals using nationwide population-based data.

II. Methods

1. Study population

Our study was based on the Korean National Health and
Nutrition Examination Survey (KNHANES) VII conducted
between 2016 and 2018. Since sarcopenia, which is directly
related to HRQoL, accelerates sharply at the point of age 50
in general population (Beennakker et al., 2010), we included
participants aged > 50 years. Among 21,363 participants aged
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19 years or older, those aged <49 years (#=12,138), who had
an extreme energy intake (#=74), who had missing data on grip
strength (#=760), or had not completed the Euro-quality of life
five-dimension (EQSD) survey (#=435) were excluded. The final
analysis included 7,956 participants aged > 50 years (3,434 men

and 4,522 women).

2. Health-related quality of life

HRQoL was assessed using the EQSD survey established in
1990. 1t is one of the most commonly used instruments worldwide
for evaluating HRQoL (Ramos & Rivero, 2011). In this study,
EQSD survey in KNHANES VII was utilized. It is composed
of the following five dimensions: physical function, self-care,
daily activities, pain/discomfort, and anxiety/depression problems.
Physical capacity was assessed based on the physical function
and self-care dimensions, social capacity on performing the daily
activities dimension, emotional capacity on the anxiety/depression
dimension, and physical or mental pain on the pain/discomfort
dimension. Each dimension has the following three levels: “no

2

impairment,” “some impairments,” and “extreme impairments.”
In this study, the answers to questions related to these dimensions
were dichotomized as follows to discern the disorder status: “no”
into “no problem” and “some” or “extreme impairments” into
“problem existed.” The EQS5D estimates were converted into an
indicating value calculated using the Korean score set, which
was determined through a quality weight estimation study of the
EQSD performed by the Korea Centers for Disease Control and

Prevention (Lee, 2011).

EQSD index score = 1 - (0.05 + 0.096*M2 + 0.418*M3 +
0.046*SC2 + 0.136*SC3 + 0.051*UA2 + 0.208*UA3
+ 0.037*PD2 + 0.151*PD3 + 0.043*AD2 +
0.158*AD3 + 0.05*N3)

If LQ 1EQL=] and LQ 2EQL=I and LQ 3EQL~l and
LQ 4EQL=1 and LQ 5EQL~I, then EQ5D =1

In this formula, “M2” is defined as 1 when “motility” is “level
2(= some problems)” and 0 otherwise, and “M3” is defined as
1 when motility is “level 3 (=extreme problems)” and 0 otherwise.
In the same way, “SC” stands for self-care, “UA” usual activities,
“PD” pain/discomfort, and “AD” anxiety/depression, and the
number next to it is the value corresponding to the level.
LQ IEQL, LQ 2EQL, LQ 3EQL, LQ 4EQL, and LQ SEQL
represents the five dimensions of EQSD. When all five
dimensions correspond to no problem, the EQS5D index score
is 1. Meanwhile, all five dimensions are answered as extreme
problems, N3=1 (otherwise, N3=0).

In this study, the EQSD index score ranged from -0.17 to
1.00 for women, and from -0.06 to 1.00 for men. A negative
value indicates that the health status is worse than death, 0
indicates death, and 1 indicates full health. As the distribution
of the EQ5D index score was negatively skewed, with mode
values being 1, the inverse of the score was log-transformed, that
is, In (1.0001 index score) (Chao, Ekwaru, Ohinmaa, Griener, &
Veugelers, 2014). A lower EQSD index score represents impaired
HRQoL, calculated as below the lowest quintile of the scores
stratified by sex (Kwak & Kim, 2019). Participants whose EQ5D
index score was below the lowest 20% level were classified as
having impaired HRQoL. The lowest 20% level of EQSD index

score of men was 0.85, and that of women was 0.82.

3. Assessment of dietary intake

Data from a 24-h dietary recall were used to assess the calorie
and nutrient intakes. The primary food group classification (by
the KNHANES VII) was used to calculate the total food from
a plant source and protein intake. The primary and tertiary food
codes for soy sauce, soybean paste (doenjang), cheonggukjang,
ssamjang, makjang, chungjang, and natto were extracted from
the raw data to determine the FERMB food (g/day) or protein
(g/day) intake. Total energy (kcal/day), carbohydrate (g/day),
protein (g/day), fat (g/day), sodium (mg/day), and omega-3 fatty
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acid (g/day) intakes were used as total energy-modified measures
following the residual method (Brown et al., 1994).

4. Assessment of demographics, lifestyles, and
health conditions

Trained interviewers and professionals conducted the interviews
and health examinations following the data collection protocol. The
interviewer compiled the data on the participant’s demographics,
household income, and current medical conditions. The self-administered
questionnaire contained questions related to the participants’
lifestyle including current smoking, drinking, physical activity,
resistance exercise, aerobic exercise, and subjective health status.
The contents described below were used in the study. Living
alone was defined as unmarried, divorced, and married, but not
separated or widowed. Current smoking was defined as having
smoked 100 cigarettes over their lives or currently smoking.
Drinking was defined as alcohol consumption more than once
a month in the previous year. Resistance exercise was classified
as “yes” if they had practiced muscle exercises, such as push-ups,
sit-ups, and lifting of dumbbells, weights, and iron bars, for >2
days in the previous week. Aerobic exercise was defined as
performing “medium-intensity” physical activity for >2 hours and
30 minutes a week, “high-intensity” physical activity for >1 h
and 15 minutes, or “mixed” medium and high-intensity physical
activities for an equivalent time for each activity. Subjective
health status was classified as positive, moderate, or negative.
Obesity was defined as a body mass index (BMI) of >25 kg/m’.
A diagnosis of one or more chronic diseases by a physician was
regarded as a “yes” in response to the question related to having

at least one chronic disease.

b. Statistical analysis

Owing to the complex sampling design of KNHANES VII,

the PROC SURVEY procedure using sampling weights, clusters,
and strata was applied in the analyses. Quartile values (Q1; 1%
quartile, Q2; 2™ quartile, Q3; 3 quartile, and Q4; 4™ quartile)
were expressed as mean + standard error for continuous variables
or as the frequency with percentage (95% CI of the percentage)
for categorical variables. EQSD indesx scores, impaired HRQoL
percentile, and distribution of dichotomized EQSD according to
the plant protein intake were stratified by sex. The differences
between groups were analyzed using either the independent t-test
to compare the means for continuous variables or the Rao-Scott
chi-square test and analysis of variance (ANOVA) with Duncan’s
post hoc test to compare the distributions of categorical variables.
The residual method was used to modify the effects of the total
energy intake on nutrients (Brown et al., 1994). The dichotomized
EQS5D was utilized in the distribution and logistic regression
analyses. Multi-linear regression analyses were conducted to
calculate the OR and 95% CI of the prevalence for the dichotomized
EQSD according to the plant protein intake quartiles, using the
lowest quartile as a reference. Age, marital status, household
income, education level, physical activity, chronic disease status,
subjective health status, total energy intake, and daily protein
intake were adjusted for covariates as was done in previous
studies (Kwak & Kim, 2019; Sohn, 2009). P for trend was
calculated using a general linear model along with the median
values of each quartile while controlling for the covariates listed
above. To estimate the missing values, the participants were
assigned to the median value or the common category. Statistical
significance was determined using a two-sided p-value of <0.05.
All statistical analyses were performed using the SAS software
version 9.4 (SAS 9.4; SAS Institute, Cary, NC, USA).
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IIL Results

1. Participants’ general characteristics according
to the total plant protein intake

<Table 1> shows the general characteristics of participants
according to the total plant protein intake quartile. Plant protein
level was significantly higher in subgroups of younger age,
non-living alone, higher household income, higher education
level, and performing aerobic exercise in both men and women.

<Table 2> summarized the energy and nutrients according
to total plant protein intake quartile. In both men and women,
total plant protein intake was positively associated with intakes
of total energy, carbohydrate, protein, sodium, and omega3 fatty
acids. Fat intake was negatively associated with total plant protein
intake. The total energy intake in the lowest quartile (Q1) in
both sexes (men: 1,560.78 kcal/day; women: 1,064.12 kcal) was
below the estimated energy requirement (men: 50-64 years =
2,200 kcal/day, 65-74 years = 2,000 kcal/day, and >75 years =
1,900 kcal/day; women: 50-64 years = 1,700 kcal/day, 65-74
years = 1,600 keal/day, and >75 years = 1,500 kcal/day) (Ministry
of Health and Welfare, 2020).

2. EQ5D index and distribution for dichotomized
EQ5D scores according to plant protein intake

The EQSD index scores, distribution of impaired HRQoL, and
dichotomized five dimensions of EQ5D according to the plant
protein intake quartiles are stratified by sex in <Table 3> and
<Table 4>. In men, the EQ5D index scores increased considerably
across all three types of protein intake quartiles. The lowest intake
group (Q1) had the lowest scores compared with the other quartile
groups. In women, the EQSD index scores were significantly
different across all protein intake quartiles. The index scores
increased significantly as the total plant protein intake increased.
The LNS or FERMB protein intake levels were lower than those

in any other quartile group, and all three types of plant protein
intake quartiles in men and women demonstrated a significantly
different distribution of impaired HRQoL.

In men, all five dimensions of HRQoL showed significantly
different distributions according to the total plant protein intake
and FERMB protein intake levels, except for pain/discomfort.
For LNS protein intake levels, physical function distribution and
daily activity problems differed significantly (»p = 0.007 and p <
0.001, respectively). In women, physical functioning and daily
activities revealed significantly different distributions in all three
plant protein quartiles. Moreover, self-care differed significantly
according to the total plant protein and LNS protein intake
quartiles (p < 0.001 and p = 0.018, respectively).

3. Multivariate logistic regression analyses for
EQBD according to plant protein intake

An EQSD index score lower than the lowest 20% value
indicated an impaired HRQoL. Age, education level, household
income, physical activity, living alone, subjective health status,
poor GS, chronic disease status, total energy intake, and daily
protein intake were adjusted. The ORs measured by multilinear
regression analyses are shown in <Table 5>.

The ORs or p-values for the trend of impaired HRQoL across
various plant protein intake levels were not considerably lower
in either sex. However, the 3" (Q3) and 4t quartiles (Q4) of
FERMB protein intake in men showed 36% and 38% lower ORs
(OR = 0.64 and 0.62; 95% CI: 0.45-091 and 0.43-0.91,
respectively) compared with the 1% quartile (Q1).

In men, the OR for problems with activities of daily living
was 48% lower in the 4™ quartile (Q4) of LNS (OR = 0.52;
95% CI: 0.32-0.84) compared with that in the 1% quartile (Q1),
and the decreasing trend was significant (p for trend=0.003).
Similarly, the 4" quartile (Q4) of FERMB protein intake presented
an OR decrease of 43% (OR = 0.57, 95% CI: 0.36-0.90) for
daily activity problems compared with that in the 1% quartile (Q1),
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and the decreasing trend was significant (p for trend = 0.019).
The 3" quartile (Q3) of FERMB protein intake presented OR
decreases of 34% for physical function, 47% for self-care, and
44% for anxiety/depression problems (OR = 0.67, 0.53, and 0.56;
95% CI: 0.48-0.93, 0.32-0.89, and 0.36-0.82, respectively)
compared with that in the 1% quartile (Q1). However, the p-value
for the trend of FERMB protein intake was not statistically
significant in these problems.

In women, a significantly descending trend in physical function
and pain/discomfort (p for trend =0.033 and 0.018, respectively)
was observed across LNS protein intake levels. A significant
reverse trend in daily activity problems (p for trend = 0.013) was
observed over the FERMB protein intake quartile. No significant
decline in OR values or trend in each dimension of EQ5D across

the total plant protein intake quartiles was observed in either sex.

IV. Discussion

This study investigated the association between HRQoL and
levels of total plant protein, LNS, and FERMB protein intake in
elderly Korean individuals using nationwide population-based data.
A significant association was found between HRQoL and plant
protein intake. Of five dimensions of the EQSD, physical function
and daily activities were most commonly associated with plant
protein intake. Compared to LNS protein or FERMB protein intake,
total plant protein intake showed a better association with HRQoL.

We found that lower consumption of total plant protein was
associated with lower household income and education level. It
is generally known that house income is positively associated
with total protein intake and animal protein intake because plant-
bases sources are cheaper than animal protein sources (Kwon,
Park, Cho, Kim, & Kim, 2020). We speculate that lower total
protein intake may lead to lower plant protein intake in participants

with lower income and education level. Previous EQSD analyses

also demonstrated that income and education level are significantly
associated with HRQoL in older adults (Grochtdreis, Dams,
Konig, & Konnopka, 2019; Sohn, 2009). This might explain the
highest distribution of individuals with problems in EQ5D and the
lowest EQ5D index scores in the lowest plant protein intake group.

Participants with the lowest total plant protein levels
consumed the lowest amount of most nutrients (total energy,
carbohydrate, protein, sodium, and omega-3 fatty acids). The total
energy intake in the lowest quartiles was lower than the estimated
energy requirement for both sexes (Ministry of Health and Welfare,
2020). This result is consistent with the results of previous
studies, thus showing that inadequate nutritional intake decreases
HRQoL (Hernandez-Galiot & Goiii, 2017).

In the association between the intake of other plant proteins
and HRQoL, no significant relationship was found between plant
proteins. Considering the fact that grains, especially rice, are most
common source of protein in Korean adults (Kim, Park, Cho, &
Bong, 2021), the major component of other plant proteins would
be rice protein. Meanwhile, the LNS and FERMB protein intake
levels were significantly related to several HRQoL problems.
“Yes,” for HRQoL problems were the positive answers to the
question regarding problems in walking, daily activities, such as
studying and housekeeping, and leisure activities. The LNS and
FERMB protein intake levels were mainly attributed to physical
function. This finding is in line with the result of a previous
study, which reported that nutritional status, including proper
protein intake and fruit/vegetable food intake, was significantly
correlated with muscle strength and EQ5D measures (Alfonso-
Rosa, Del Pozo-Cruz, & Safiudo, 2013). Appropriate protein
intake has been reported to influence muscle protein synthesis
(Witard et al., 2014), which affects HRQoL. Overall, increasing
LNS and FERMB protein intake rather than total plant protein
intake may be associated with adequate protein intake.

The EQ5D is based on functionalism, a theoretical foundation
of EQSD related to HRQoL (Patrick & Erickson, 1993). It mainly
describes the performance or capability of action. Focusing on

improving health and functionally limited conditions is not
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consistent with the ultimate goal of HRQoL, which is to enhance
well-being (Osoba, 1994). However, more than one EQSD parameter
was negatively associated with LNS and FERMB protein intake
after adjusting for physical activity, which could demonstrate a
positive association with HRQoL.

The EQSD index scores were generally high in our population
(average EQS5D index score: 0.93), which was higher than the
average estimates of 0.68, 0.86, and 0.87 from previous studies
conducted in the elderly population based on 2005, 2008-2011,
and 2013-2014 KNHANES data, respectively (Park et al., 2018;
Seo, Lim, & Park, 2018; Sohn, 2009; Sun, Lee, Yim, Won, &
Ko, 2019). It is supposed to be substantially high considering
that the EQSD index decreases with age (Park et al., 2018).
However, the reason was unknown. Moreover, the LSM of EQ5D
index scores across plant protein intake levels was >0.99, with
no significant difference between the total and FERMB protein
intakes. This result corresponds with that of previous studies,
which reported that healthy dietary habits such as fresh fruit,
vegetable, and legume intake were unrelated to QoL in normal-
weight participants (Bunyamin, Spaderna, & Weidner, 2013). This
suggests that the general functional status of the older Korean
population has improved over the last two decades.

FERMB protein intake was beneficial for improving their
ability to perform daily activities in both men and women.
Fermentation improves plant protein structure, digestibility,
utilization, and bioactivity by removing the anti-nutritional
substances; splitting major proteins into biologically active ones; and
increasing the bioavailability of various vitamins, phytochemicals,
and antimicrobials (Singh, Rehal, Kaur, & Jyot, 2015; Terefe &
Augustin, 2020). According to previous studies, the bioavailability
and absorption of isoflavones can be improved by fermenting
soybean flour (Maria Landete et al., 2015). Fermented legume
foods are more beneficial for muscle protein synthesis compared
with generally consumed plant foods such as grains (Takahashi
et al,, 2021).

A decreasing trend in HRQoL parameters was not significant
across the FERMB protein intake levels. Comparable results were

reported in a study investigating the association between soybean
food intake and cardiometabolic disease (Jun, Shin, & Kim, 2019).
Significant ORs for several metabolic factors were found in the
second most ingested group, but the significance disappeared in
the most ingested group, and the trend was not significant. This
finding was due to the fact that the group that consumed high
amounts of soybeans had higher intakes of carbohydrates and
sodium, which reduced the metabolic problems; this was also
observed in these study participants (Park, Ahn, Kim, & Lee,
2017).

This study has some limitations. It was cross-sectional in
nature, and we were unable to identify a direct causal relationship
between the evaluated factors. We have noted a link between
one-day plant protein intake and QoL, which may not fully reflect
the previous intake level or current habits. However, it is difficult
to suggest an appropriate intake level because an intake above
the current level cannot be predicted. Although the intake of LNS
or FERMB protein is relatively smaller than the total plant protein
intake, a positive association with HRQoL was demonstrated only
in LNS or FERMB protein intake, which suggested the source.
Moreover, as data in the KNHANES were obtained through
national surveys, they have relatively high representativeness and
reliability. Since the number of samples was relatively large, it
could present the usual eating habits of the general population,
which complements the limitations of cross-sectional studies.
Furthermore, the level of intake of various plant foods and their
effects can be simultaneously illustrated. As mentioned earlier,
because of the generally high EQSD index scores, it was difficult

to show the differential impact of each dimension of EQSD.

V. Conclusion

The intake of total plant protein, LNS protein, and FERMB
proteins were significatly associated with HRQoL in individulas
aged 50 years or older. These findings suggest that adequate
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intake of plant protein might be helpful for maintenance or

improvement of HRQoL in Korean adults.
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