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Abstract. The objective of this study was to investigate the effects of a gardening
intervention as a physical activity in women aged over 70 years. Twenty-one women aged
over 70 years were recruited from the community in Seoul, South Korea. Eleven subjects
at a senior community center participated in a 15-session gardening program (twice a
week, average 50 minutes per session) from Sept. to Nov. 2015. The rest of the subjects
who were recruited from another senior community center acted as the control group.
Blood lipid profiles, blood pressure, inflammation in peripheral-blood mononuclear cells
(PBMC), and oxidative stress were assessed by a blood test before and after the 15-session
gardening intervention. The results showed that the subjects in the gardening in-
tervention as a low- to moderate-physical activity had a significant improvement in their
high-density lipoprotein (HDL) level, systolic and diastolic blood pressures, and the
variables related to immunity such as tumor necrosis factor-a (TNF-a) for inflammation
in blood and receptor for advanced glycation end products (RAGE) expression for
oxidative stress. The results of this study suggested that the 15-session gardening
intervention as a low- to moderate-physical activity led to positive effects on the blood
lipid profiles, blood pressure, level of inflammatory markers in blood, and oxidative
stress of women aged over 70 years.

The elderly population aged over 65 years
is the fastest growing group worldwide,
exceeding 10% of the total population in
more than 60 countries (Liu and Li, 2015).
Ageing is often accompanied by chronic
diseases and an increased susceptibility to
infections that negatively impact the quality
of life of the elderly (Dorshkind et al., 2009;

Palm et al., 2009; Suzman et al., 2015).
Ageing is also associated with multiple sys-
temic dysfunctions of the body, lipid meta-
bolism disorders, and a chronic inflammatory
state, which contribute to atherosclerotic car-
diovascular disease (Garatachea and Lucia,
2013). Moreover, increased arterial wall
stiffness with ageing affects the blood pres-
sure (Izzo et al., 2000).

Regular physical activity has been re-
ported to reduce all-cause mortality (Faselis
et al., 2014; Zhao et al., 2015) and increase
longevity (Paffenbarger et al., 1993). Fur-
thermore, participation in physical activity
intervention in particular has been frequently
associated with reduction of many cardiovas-
cular risk factors including blood lipid levels
(Taylor et al., 2004), high blood pressure
(Mora et al., 2007), obesity (Zmijewski et al.,
2015), and type 2 diabetes mellitus (Bacchi
et al., 2012), as well as novel risk factors such
as inflammation (Mora et al., 2007) and
oxidative stress (Schjerve et al., 2008).

Gardening activities are considered low-
to moderate-intensity physical activities in
the older population (Park et al., 2011, 2012,
2014a). Gardening activities also incorporate
the use of various upper and lower limb
muscles (Park et al., 2013, 2014b). Reynolds
(1999, 2002) reported that gardening im-
proved grip strength, lowered blood pressure,
and improved psychological well-being. Park
et al. (2009) reported that older gardeners had
a stronger grip strength and pinch force, and
better self-reported physical health condition
when compared with nongardener elderly.
Older community gardeners reported less
perceived stress when compared with partic-
ipants of indoor exercise classes (Hawkins
et al., 2011). Moreover, gardening is a popu-
lar leisure time activity in the elderly (Ashe
et al., 2009; Rowinski et al., 2015) and it
helps to keep them motivated for continuous
participation (Deci and Ryan, 1995; Park
et al., 2008). In addition, it has a less risk of
injury compared with other types of physical
activities (Pons-Villanueva et al., 2010;
Powell et al., 1998).

However, there is a lack of research-based
findings for applying gardening as a physical
activity intervention, as well as regarding its
health benefits, especially in relation to blood
vasculature and immunity. Therefore, the
objectives of this study were to determine
the effects of gardening intervention as a low-
to moderate-intensity physical activity on the
blood vasculature as measured by the blood
lipid profile and blood pressure and immunity
as measured by inflammation in blood, and
oxidative stress in women aged over 70 years.

Materials and Methods

Subjects. Korean women older than 70
years were recruited from senior community
centers. Researchers contacted senior com-
munity centers in the same community lo-
cated in Seoul, South Korea, by phone or
through face-to-face meetings with those in
charge of these centers to explain the study.
Two senior community centers allowed
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researchers to recruit subjects for the study.
The researchers visited these centers to ex-
plain the purpose and schedule of the study,
requirements, and health assessments. Fi-
nally, 11 women at D senior community
center and 10 at H senior community center
agreed to participate in this study for the
gardening intervention group and the control
group, respectively.

During the orientation, subjects gave in-
formed consent. After study completion, sub-
jects were offered $20 as an incentive. The
study was approved by the Institutional Re-
view Board (7001355-201507-HR-067).

Gardening intervention. A 15-session gar-
dening intervention was developed as a garden-
based low- to moderate-intensity physical
activity intervention (Table 1). Participation in
low- to moderate-intensity physical activity
has been reported to havemany health benefits
for the elderly, such as improving or main-
taining chronic health conditions through its
favorable effects on blood lipid profile, blood
pressure, and variables related to immunity
such as TNF-a, monocyte chemoattractant
protein-1 (MCP-1), RAGE, NADPHp47, and
inducible nitric oxide synthase (iNOS) expres-
sion (Brown et al., 2000; Buman et al., 2010;
Nelson et al., 2007; Pate et al., 1995; Stefanov
et al., 2013; Yu et al., 2009). The intensity of
the gardening intervention was determined as
low to moderate based on the previous study
findings for the exercise intensity of gardening
activities in the elderly (Park et al., 2011,
2012, 2014a). Data were collected to deter-
mine the perceived and actual exercise in-
tensity of the gardening intervention to
establish that the activities selected met the
criteria of low to moderate intensity (Table 1).

The 15-session gardening intervention
took place during the fall from September
to November in Seoul, South Korea. A
garden space (8 · 5 m) previously prepared

in the D senior community center for this
study and gardening activities such as plan-
ning a garden, making a garden plot, plant-
ing, sowing, mulching, fertilizing, watering,
weeding, harvesting, garden maintenance,
and cleaning the garden plot were performed
(Table 1). Seasonal crops such as chives
(Allium ascalonicum), chinese cabbage
(Brassica campestris ssp. Pekinensis), radish
(Raphanus sativus), lettuce (Lactuca sativa),
beet (Beta vulgaris), onion (Allium cepa),
and spinach (Spinacia oleracea) were grown
in the garden.

At the beginning of each session of the
gardening intervention, the subjects per-
formed a 5-min warm-up exercise that in-
cluded stretching exercises for upper and
lower bodies by following an instructor.
The gardening intervention was run twice
weekly with an average of 50 min per session
for a total of 7.5 weeks.

Exercise intensity of the gardening
intervention. The exercise intensity of phys-
ical activity may be expressed by heart rate
(HR), metabolic equivalents (METs) based
on oxygen uptake for a specific activity, or
by a percentage of maximal HR (%HRmax)
(ACSM, 2014). Low-intensity physical acti-
vities may be represented by 1.6 to 3.0 METs
or 40% to 55% HR max; moderate-intensity
physical activity by 3.0 to 6.0 METs or 55%
to 70% HR max; vigorous-intensity physi-
cal activity by 6.0 to 9 METs or 70% to 90%
HR max; and high-intensity physical acti-
vity by at least 9.0 METs or at least 90%
HR max (ACSM, 2014).

During the 15-session gardening interven-
tion, four sessions were randomly selected
during which the HR was measured to in-
vestigate the exercise intensity of the garden-
ing intervention. The 11 subjects in the
gardening intervention group wore a HRmon-
itor (OmniSense 3.9.7 Live and Analysis;

Zephyr Technology Corp, Annapolis) on their
chest during gardening and the HR data were
continuously recorded by a wireless receiver
(BioHarness 3; Zephyr Technology Corp,
Annapolis). The resting HR of each subject
was measured for a 5 min before starting the
testing. To obtain the exercise intensity of the
gardening intervention, the HR data were
transformed to % HR max by the formula:
[(measured HR – resting HR)/(HR max –
resting HR) · 100] (ACSM, 2014).

The rating of perceived exertion scale
(RPE) was used to investigate subjective
exercise intensity of the gardening interven-
tion (Borg, 1970). This scale was answered
by the subjects at the end of each session of
the gardening intervention. It is a widely used
psychophysical tool to assess subjective per-
ception of effort during exercise (Scherr
et al., 2013). This scale ranges from 6 to 20,
where 6 means ‘‘no exertion at all’’ and 20
means ‘‘maximal exertion’’ (Borg, 1970).
Accordingly, a score of 8–10 indicates low-
intensity, 11–13 moderate-intensity, 14–16
vigorous-intensity, and above 17 high-intensity
physical activity (ACSM, 2014).

Health assessments. Tests were conduct-
ed before and after the 15-session gardening
intervention for subjects in both groups to
determine the status of the subjects in the four
variables of the study. For the health assess-
ments, subjects were required to fast for 9 h
before blood testing.

To analyze blood lipid levels and
immunity-related variables such as inflam-
mation in blood and oxidative stress, 10 mL
of blood were collected from the subjects in
both groups before and after the intervention.
A certified nurse visited the D and H senior
community centers in the early morning
between 7 and 9 AM on separate days to
collect the blood samples while the subjects
were fasting before breakfast.

To analyze blood lipid levels including
those of total cholesterol, HDL cholesterol
and low-density lipoprotein (LDL) choles-
terol, blood plasma was extracted by centri-
fugation and then stored in a –70 �C freezer.
An automated biochemical analyzer (Fuji
7000i; Fujifilm, Tokyo, Japan) was used to
measure the blood lipid levels.

To analyze immunity-related variables
such as inflammation in PBMC (MCP-1 and
TNF-a), and oxidative stress (iNOS, NADPH
p47, and RAGE), PBMC were separated from
the blood samples using Lymphoprep. Total
RNA was then extracted from the separated
cells by trizol (Invitrogen, Carlsbad, CA),
followed by complementary deoxyribonucleic
acid (cDNA) synthesis. Quantitative real-time
polymerase chain reaction was conducted
using BioRad CFX96 (BioRad, Hercules,
CA) to express messenger ribonucleic acid
(mRNA) related to blood inflammation and
oxidative stress. The analysis was repeated
twice for reliability.

Blood pressure of the subjects in the
control and gardening intervention groups
was measured before and after the 15-
session intervention. After a 5-min rest on
a chair, blood pressure was measured by

Table 1. Heart rate, percentage of maximal heart rate (% HRmax), and rating of perceived exertion (RPE)
score for four random sessions of the 15-session gardening intervention in a study for improving health
in elderly women by a gardening intervention as a low- to moderate-intensity physical activity.

Session Gardening intervention Avg HRz % HR maxy RPEx

1 Planning garden — — 6.1 (±0.2)
2 Making garden plots — — 13.3 (±1.2)
3 Planting transplants — — 11.9 (±1.4)
4 Making a garden sign — — 11.0 (±1.2)
5 Hydroponics — — 11.8 (±1.3)
6 Fertilizing — — 11.4 (±0.8)
7 Making a flower bed 99.4 (±0.9) 40.5 (±1.5) 12.6 (±1.1)
8 Making a vegetable bed 117.6 (±27.1) 71.0 (±50.1) 12.6 (±1.1)
9 Making organic fertilizers — — 7.5 (±1.5)
10 Mulching 106.2 (±12.1) 51.2 (±17.6) 11.0 (±1.2)
11 Planting plants — — 7.9 (±1.7)
12 Harvesting produce 106.9 (±21.7) 55.5 (±40.1) 11.5 (±0.9)
13 Flower arrangement — — 6.2 (±0.7)
14 Sowing seeds — — 15.0 (±1.2)
15 Cooking with harvest — — 6.0 (±0.0)
Average 109.4 (±20.0) 57.1 (±40.7) 10.4 (±1.0)

Results are expressed as mean ± SD.
zAverage HR during four randomly selected gardening intervention sessions was measured.
y% HR max = [(target heart rate – HR rest)/(HR max – HR rest) · 100] (ACSM, 2014); 40% to 55%
indicates low intensity, 55% to 70% moderate intensity, 70% to 90% vigorous intensity, and at least 90%
high intensity (ACSM, 2014).
xRPE scale (Borg, 1970). The scale has numerical ratings ranging from 6 to 20. Accordingly, score of 8–10
indicates low-intensity, 11–13 moderate-intensity, 14–16 vigorous-intensity, and above 17 high-intensity
physical activity (ACSM, 2014).
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a sphygmomanometer (T4 with Intellisense;
Omron Corporation, Tokyo, Japan).

In addition, demographic and health data
for both groups was collected and compared
with establish that they were comparable
groups (Table 2). Body composition param-
eters such as body weight (kilograms), lean
mass (kilograms) and percent fat (%), and
height (centimeter) were measured by a
body fat analyzer (IOI 353; Jawon Medical,
Gyeongsan, South Korea) and an anthrop-
ometer (Ok7979; Samhwa, Seoul, South
Korea), respectively. The body mass index
(BMI) was calculated as follows: [weight
(kilograms)/height2 (meters)]. The age-adjusted
maximum HR max of the subjects was calcu-
lated as follows: (206 – 0.88 · age in years)
(Sarzynski et al., 2013).

Data analysis. Data such as HR, %
HRmax, and RPE scores were analyzed using
Microsoft Excel software (Microsoft Office
2007; Microsoft Corp., Redmond, WA). Chi-
square test was used to compare age, height,
body composition, resting HR, age-adjusted
maximum HR data, education level, marital
status, monthly income, and current medica-
tion taken by the subjects in both groups.
Wilcoxon signed-rank test was used to com-
pare the health assessments, such as blood
lipid profiles, blood pressure, inflammation in
blood, and oxidative stress, measured before
and after the intervention in both groups.
Statistical analyses were performed using
SPSS software (version 18 for Windows;
IBM, Armonk, NY). P < 0.05 was considered
as statistically significant.

Results and Discussion

Characteristics of subjects. The subjects
in the gardening intervention group had
a mean age of 80.3 ± 6.0 years and were
overweight (BMI, 26.7 ± 4.6 kg·m–2), and
those in the control group had a mean age of
81.0 ± 4.3 years and were also overweight
(BMI, 25.6 ± 1.9 kg·m–2) (Table 2). No
significant difference for all variables was
found between the two groups.

Measured and self-reported exercise
intensity for participants in the gardening
intervention. The 15-session gardening in-
tervention was designed as a low- to
moderate-intensity physical activity inter-
vention based on previous study findings
(Park et al., 2011, 2012, 2014a). The exercise
intensity of gardening intervention was de-
termined using the subjects’ HR data that
were measured on four random occasions
while performing the study intervention. The
intensity of gardening intervention in this
study had an average of 57.1% (% HR max)
(Table 1) and was considered as a moderate-
intensity activity (ACSM, 2014). This result
was expected when designing the gardening
intervention for this study based on previous
findings from the studies concerning exercise
intensities of gardening activities (Park et al.,
2011, 2012, 2014a). The gardening activities
such as digging, raking, weeding, hoeing, and
troweling that use both upper and lower body
parts were considered as moderate-intensity

physical activity in the elderly; whereas
gardening activities, such as watering, har-
vesting, planting transplants, and mixing soil
that use only the upper body were considered
as low-intensity physical activity in the el-
derly (Park et al., 2011). Moreover, previous
research reported that gardening interven-
tions such as making a vegetable bed or
garden maintenance that includes mainly
moderate-intensity gardening activities were
moderate-intensity interventions (Park et al.,
2014a).

Furthermore, the average of self-reported
exercise intensity (RPE score) was 10.4,
which translates to ‘‘very light’’ as a sub-
jective exercise intensity for the gardening
intervention (Table 1). This meant that the
perceived exercise intensity was less than the

actual intensity. Thus, the gardening inter-
vention in this study was considered as low-
to moderate-intensity physical activity.

Physical activity in green environments is
associated with health benefits (Coon et al.,
2011). Gardening, in particular, provides
various health benefits such as reduced total
cholesterol, blood pressure, and mortality
(Armstrong, 2000; Walsh et al., 2001). In
previous studies, elderly gardeners showed
significantly more powerful hand strength
and pinch force than nongardener elderly
(Park et al., 2009). Gardening is expected to
increase bone mineral density as a weight-
bearing exercise (Turner et al., 2002). A
longitudinal study showed significant reduc-
tions in the risk of heart attacks in 4000 adults
older than 60 years through regular activities

Table 2. Demographic and health data of subjects in a study for improving health in elderly women by a
15-session gardening intervention as a low- to moderate-intensity physical activity.

Variable
Gardening

group (n = 11) Control group (n = 10) Px

Age (year) 80.3 (±6.0) 81.0 (±4.3) 0.65
Height (cm) 148.1 (±4.7) 148.6 (±4.9) 0.85
Body composition
Body weight (kg) 57.8 (±8.2) 56.7 (±6.0) 0.94
Body mass index (kg·m–2)z 26.7 (±4.6) 25.6 (±1.9) 0.97
Percent fat (%) 37.5 (±4.4) 38.1 (±2.0) 0.54
Lean mass (kg) 33.1 (±2.9) 31.8 (±3.2) 0.41

Resting HR (beats/min) 76.3 (±6.5) 72.4 (±10.5) 0.36
Age-adjusted maximum HR (beats/min)y 135.4 (±5.3) 134.7 (±3.8) 0.65
Education, N (%)
Elementary school graduate or less 10 (100) 10 (100) 1.00
Marital status, N (%) 1.00
Widowed 8 (80.0) 8 (80.0)
Married 2 (20.0) 2 (20.0)

Monthly income, N (%) 0.31
Less than $850 10 (100) 9 (90.0)
$1,700 to $2,550 0 (0.0) 1 (10.0)

Current medications, N (%)
Blood pressure 9 (81.8) 7 (70.0) 0.53
Cholesterol 3 (27.3) 5 (50.0) 0.28
Antiarthritic 0 (0.0) 3 (30.0) 0.05
Thyroid 1 (9.1) 1 (10.0) 0.94
Heart disease 1 (9.1) 0 (0.0) 0.33
Blood circulation 0 (0.0) 1 (10.0) 0.28
Hip joints 0 (0.0) 1 (10.0) 0.28
Osteoporosis 0 (0.0) 1 (10.0) 0.28
Backache 0 (0.0) 1 (10.0) 0.28

Data are expressed as mean ± SD unless otherwise specified.
zBody mass index (BMI) = [weight (kilograms)]/[height (meters)]2; classification of BMI is as follows
18.5–24 = normal; 25–29.9 = overweight; >30 = obesity.
yAge-adjusted maximum heart rate (HR max) = 206 – 0.88 (age in years) (Sarzynski et al., 2013).
xChi-square test was used to compare demographic data, with P < 0.05 considered as statistically
significant.

Table 3. Effects of gardening intervention on blood lipid profiles in elderly women in a study for improving
health by a 15-session gardening intervention as a low- to moderate-intensity physical activity.

Blood lipid profiles (mg/dL)
Gardening

group (n = 11) Control group (n = 10)

Total cholesterol Pretest 136.5 (±35.8) 154.1 (±36.1)
Posttest 164.0 (±38.8) 158.3 (±36.2)
Pz 0.03* 0.24NS

High-density lipoprotein (HDL) cholesterol Pretest 33.1 (±7.9) 37.8 (±9.5)
Posttest 40.7 (±10.2) 37.7 (±11.4)
P 0.01** 0.96NS

Low-density lipoprotein (LDL) cholesterol Pretest 80.4 (±29.8) 95.3 (±30.0)
Posttest 96.1 (±38.7) 95.0 (±33.9)
P 0.06NS 0.78NS

zValues are means ± SD.
NS, *, ** Nonsignificant or significant at P < 0.05 or < 0.01, respectively.
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of daily living such as gardening (Ekblom-
Bak et al., 2014).

Blood lipid levels. In regard to the blood
lipid levels in this study, the subjects in the
15-session gardening intervention group had
significantly increased HDL cholesterol and
total cholesterol levels (P < 0.01) (Table 3).
There was no significant change in HDL
cholesterol level in the control group. No
significant changes were found in the levels
of LDL cholesterol in either group.

The results of this study showed that a 15-
session gardening intervention may have had
a favorable effect on blood lipid levels, and
hence may contribute to a decrease the risk of
cardiovascular disease. Menopause is often
associated with an increase in plasma LDL
level, and after the age of 50, females often
have higher total cholesterol levels when
compared with males of the same age (Kreis-
berg and Kasim, 1987). Increased physical
activity may alter cardiovascular disease
risk by favorably altering the plasma lipo-
protein profile. Several cross-sectional studies
have demonstrated that sedentary individuals
(Owens et al., 1990; Wood, 1994) have
a higher HDL cholesterol level when com-
pared with sedentary individuals. All these
reports indicate that HDL cholesterol can be
maintained at high levels with regular phys-
ical activity, which is, thus, considered a nec-
essary and important component of coronary
heart disease prevention. Therefore, the
present study results favored gardening as
a physical activity for cardiovascular health
promotion.

Blood pressure. Statistically significant
differences were observed in systolic and
diastolic blood pressures by lowering about
5 mm Hg after the gardening intervention
(Table 4). There was no change in the control
group. This result indicates that the 15-
session gardening intervention may have
had a beneficial effect on blood pressure of
elderly women.

Blood pressure (both systolic and dia-
stolic) increases with age (U.S. Department
of Health, 1975). Females above the age of
60 have a characteristically higher systo-
lic blood pressure compared with males
(Kotchen et al., 1982). In the United States,
lowering the average resting blood pressure
had a significant impact on reducing mor-
tality from coronary heart disease, stroke,
and other causes (Kelley et al., 2001).
Regular physical activity reduces blood
pressure and is broadly recommended by
current American and European hyperten-
sion guidelines (Lenfant et al., 2003; Mancia
et al., 2007). A meta-analysis showed that
regular physical activity reduces the aver-
age systolic and diastolic blood pressure by
7 and 5 mm Hg, respectively (Cornelissen
and Fagard, 2005).

Inflammation in blood and oxidant stress.
The level of TNF-a, which is a proinflamma-
tory cytokine, was significantly lower in the
intervention group as compared with the
control group (Table 5). The level of MCP-
1 showed a decrease in the gardening in-
tervention group and the level of MCP-1

showed an increase in the control group
although there was no statistically signifi-
cance (Table 5).

Reduced level of TNF-a plays a protective
role against induction of inflammation. On
the other hand, increased TNF-a expression
caused by obesity or ageing can induce
insulin resistance and artery hardening
(Hotamisligil et al., 1995). TNF-a level can
be reduced by participating in regular phys-
ical activities (Pedersen, 2006) and the anti-
inflammatory action of physical activity can
prevent or improve cardiovascular disease
and diabetes mellitus. Moderate-intensity
aerobic exercise was found to reduce the
concentration of TNF-a and interleukin-6
(IL-6) (Kondo et al., 2006; Ziccardi et al.,
2002). Kondo et al. (2006) reported that
TNF-a level was significantly reduced in obese
women by participating in a combined exer-
cise program including walking or jogging for

7 months. Therefore, participation in a regular
physical activity restrained the expression of
TNF-a (Maeda et al., 2002).

Moreover, RAGE expression in PBMC
was significantly decreased in the subjects
in the 15-session gardening intervention (Ta-
ble 6). iNOS and NADPH p47 were also
decreased in the intervention group, albeit
without statistical significance (Table 6). On
the other hand, there was no change in these
parameters in the control group.

RAGE, a major mediator for oxidative
stress, is expressed in vascular cells, inflam-
matory cells, peripheral nerves, and heart
muscle (Brett et al., 1993) and has a high
association with ageing-related diseases such
as heart disease, diabetes mellitus, and in-
flammatory diseases (Abramson et al., 1995).
That is, ageing-related diseases can be
inferred by measuring the level of RAGE.
Moreover, the activation of RAGE induces

Table 4. Effects of gardening intervention on blood pressure in elderly women in a study for improving
health by a 15-session gardening intervention as a low- to moderate-intensity physical activity.

Blood pressure (mm Hg)
Gardening

group (n = 11) Control group (n = 10)

Systolic blood pressure Pretest 148.0 (±13.2) 152.7 (±19.0)
Posttest 135.5 (±11.5) 155.6 (±22.7)
Pz 0.01* 0.06NS

Diastolic blood pressure Pretest 84.6 (±10.0) 78.7 (±7.5)
Posttest 77.7 (±8.4) 78.2 (±9.5)
P 0.03* 0.65NS

zValues are means ± SD.
NS, *Nonsignificant or significant at P < 0.05.

Table 5. Gene expression for proinflammatory proteins in elderly women in a study for improving health
by a 15-session gardening intervention as a low- to moderate-intensity physical activity.

Gene expression for proinflammatory
proteins (ratio to GAPDH)z

Gardening
group (n = 11)

Control
group (n = 10)

Monocyte chemoattractant protein-1 (MCP-1) Pretest 0.88 (±0.37) 0.81 (±0.34)
Posttest 0.54 (±0.45) 1.35 (±0.76)
Py 0.17NS 0.21NS

Tumor necrosis factor-a (TNF-a) Pretest 0.74 (±0.16) 1.23 (±0.65)
Posttest 0.47 (±0.24) 1.41 (±0.63)
P 0.03* 0.58NS

zGlyceraldehyde 3-phosphate dehydrogenase (GAPDH) that is one of the primers used for real-time
quantitative polymerase chain reaction (RT-qPCR) measuring messenger ribonucleic acid (mRNA)
related to mediators of inflammation blood.
yValues are means ± SD.
NS, *Nonsignificant or significant at P < 0.05.

Table 6. Gene expression for oxidant proteins in elderly women in a study for improving health by a
15-session gardening intervention as a low- to moderate-intensity physical activity.

Gene expression for oxidant proteins (ratio to GAPDH)z
Gardening

group (n = 11)
Control

group (n = 10)

Inducible nitric oxide synthase (iNOS) Pretest 0.68 (±0.43) 1.26 (±0.75)
Posttest 0.39 (±0.34) 1.26 (±0.76)
Py 0.13NS 1.00NS

Receptor for advanced glycation end products (RAGE) Pretest 0.78 (±0.39) 0.86 (±0.31)
Posttest 0.28 (±0.23) 1.18 (±0.70)
P 0.02* 0.58NS

NADPH oxidase p47 Pretest 0.28 (±0.27) 0.18 (±0.11)
Posttest 0.19 (±0.08) 0.23 (±0.27)
P 0.80NS 0.48NS

zGlyceraldehyde 3-phosphate dehydrogenase (GAPDH) that is one of the primers used for real-time
quantitative polymerase chain reaction (RT-qPCR) measuring messenger ribonucleic acid (mRNA)
related to mediators of oxidant stress.
yValues are means ± SD.
NS, *Nonsignificant or significant at P < 0.05.
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TNF-a, IL-6, and C-reactive protein, which
are related to inflammation. The results of
this study showed the beneficial effects of
the 15-session gardening intervention on the
oxidative stress level. Thus, these study re-
sults showed that the 15-session gardening
intervention may have had a beneficial effect
on the assayed markers of immunity as
compared with the control group and merit
further study.

In conclusion, the 15-session gardening
intervention as a low- to moderate-intensity
physical activity may have improved HDL
cholesterol, blood pressure, and markers of
immune activation, such as TNF-a and
RAGE expression. These study results show
the potential of gardening as a physical ac-
tivity for improving health in elderly women.
Future studies need to have a longer duration
and a larger sample size to analyze the effect
of a long-term gardening intervention on
maintaining or improving health conditions
of the elderly.
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