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Abstract: Fish oil (FO) has received great attention for its health-enhancing properties. However,
its potential synergistic effects with resistance training (RT) are not well established. The purpose
of this study was to investigate the effects of FO supplementation during 12-weeks of RT on
handgrip strength, physical function, and blood pressure (BP) in community-dwelling older adults.
Twenty-eight healthy older adults (10 males, 18 females; 66.5 + 5.0 years) were randomly assigned to
three groups: Control (CON), resistance training (RT), resistance training with FO (RTFO). Handgrip
strength, physical function [five times sit-to-stand (5T-STS), timed up and go (TUG), 6-m walk (6MW),
30-s sit-to-stand (30S-STS)], and BP were measured pre- and post-intervention. ANOVA was used
with significance set at P < 0.05. Handgrip strength significantly increased in RT (+5.3%) and RTFO
(+9.4%) but decreased in CON (=3.9%). All physical function outcomes increased in RT and RTFO.
CON exhibited significantly decreased TUG and 30S-STS with no change in 5T-STS and 6MW. BP
substantially decreased only in RTFO, systolic blood pressure (—7.8 mmHg), diastolic blood pressure
(—4.5 mmHg), mean arterial pressure (—5.6 mmHg), while no change was found in CON and RT.
Chronic RT enhanced strength and physical function, while FO consumption combined with RT
improved BP in community-dwelling older adults.
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1. Introduction

During aging, humans inevitably undergo loss of muscle mass, which results in decline of muscular
strength, metabolic rate, and respiratory function [1]. The consequences of this geriatric syndrome
include increased incidence of falls [2—4], physical disability [5,6], and mortality [7,8]. The most severe
negative outcomes may occur when they lose their functional independence, which would deteriorate
the quality of their life.

As older people lose their strength and functional capacity, they tend to become more sedentary,
which increases risk for metabolic (e.g., obesity, diabetes, etc.) as well as cardiovascular disorders (e.g.,
hypertension, heart failure, etc.). Particularly, aging-induced hypertension is considered the major
contributor to coronary heart disease, stroke, and renal disorders [9]. A previous study reported that the
lifetime risks for developing high blood pressure (BP) (>140/90 mmHg) would be approximately 90% in
older adults aged 55 to 65 years [10]. While sedentary lifestyle would accelerate the development of
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hypertension [11], physical activity has been considered the major intervention strategy to improve
vascular health [12,13].

Resistance training (RT) is generally accepted as one of the most cost-effective intervention
strategies to improve muscle mass and strength, and physical function, which would help older adults
maintain their functional independence. A number of studies have reported improvements in mass
and quality of skeletal muscle in older adults, suggesting RT as a promising intervention to combat
the aging-mediated decline in physical and physiological function [14,15]. Moreover, evidence from
previous research supports the beneficial effect of RT on vascular health [16,17].

Omega-3 polyunsaturated fatty acids (n-3) have attracted great attention for their health
enhancing effects. Particularly, these fatty acids appear to have both anabolic and lipolytic
properties [18,19]. Chronic administration of n-3 enhances muscle mass via up-regulation of protein
kinase B (Akt)-mammalian target of rapamycin (mTOR)-p70 ribosomal protein s6 kinase 1 (p70s6K1)
signaling in young and older healthy humans [20,21]. Further, these fatty acids combat adipocyte
accumulation under a high-fat feeding condition via enhanced lipid oxidation [22]. Several studies
have provided evidence that n-3 confers cardio-protective benefits, describing potent protective effects
of n-3 against cardiovascular disease (CVD) [23-25]. In this regard, n-3 could be considered a potent
therapeutic modality to combat aging-induced alterations in strength, physical function, as well as
vascular health, enhancing benefits from RT in older populations.

The primary aim of the present study was to determine the effects of daily fish oil (FO)
supplementation rich in n-3 during 12-weeks of programmed RT on handgrip strength, physical function
measurements associated with an ability for functional independence, and BP in community-dwelling
healthy older adults. It was hypothesized that programmed RT would improve all outcome measurements,
while the RT-induced benefits would be enhanced when combined with FO administration.

2. Materials and Methods
2.1. Participants

The study protocol was approved by New Mexico State University Institutional Review Board (no.
17616) for Human Subjects. Twenty-eight healthy older adults (10 males, 18 females; 66.75 + 5.49 years)
were enrolled in this study. They were considered eligible to participate in this study if they (1) were healthy
without any serious cardiovascular, metabolic, neurological, or mental disorders; (2) were nonsmoker;
(3) did not consume fish-oil supplements; (4) did not take anti-inflammatory drugs; (5) did not engage in
strength training; and (6) did not drink excessive alcohol (no more than five drinks per week). Prior to
participation, all participants were screened and admitted to the study. After the screening procedures, all
participants were provided written informed consent prior to being admitted to the study.

2.2. Experimental Design

A longitudinal design was used to investigate changes in all outcome measurements from pre- to
post-intervention. Participants visited the applied exercise physiology laboratory on the New Mexico
State University campus for pre-intervention assessments including handgrip strength, physical
function, and BP measurements. Upon completion of all assessments, they were randomly assigned
to one of three groups: (1) control (CON, n = §; male = 3, female = 5), (2) resistance training (RT,
n = 10; male = 3, female = 7) or (3) RT with FO supplementation (RTFO, n = 10; male = 4, female = 6)
for 12-weeks of intervention. After the 12-week intervention period, they visited the lab again for
post-intervention assessments. All participants were instructed to maintain their regular diets and
daily activity throughout the intervention period. They were also asked to avoid any strenuous exercise
or physical activity for 48 h prior to their lab visit.
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2.3. Resistance Exercise Training

The RT and RTFO groups performed programed RT twice per week for 12 weeks. We evaluated
the one-repetition maximum (1 RM) of each participant in the Applied Exercise Physiology Lab
before the intervention started. Subjects were asked to perform two sets of 10 repetitions or until
failure (whichever came first) for 5 exercises training muscle groups in the upper and lower body
(lat pull-down, seated row, biceps curl, leg press, calf rise). They performed each RT session under
close supervision to ensure applying the appropriate method and to minimize the potential risk of
injury. Exercise intensity was set at 50% of their 1 RM for the initial week. Then, training load was
elevated to 70% of 1 RM on the second week and progressively increased (+5% weekly if they were
able to complete the given work load) to promote the maximal adaptive hypertrophic response. If they
failed to complete the 10 repetitions for the given workload, the same work load was given on the
following session. Each exercise session was initiated with a warm-up with stretching and one set
of low intensity (30% of 1 RM, 10 repetitions). Each training session was recorded in a logbook to
quantify load increments.

2.4. Fish Oil Supplement and Diet

The FO supplement consisted of a proprietary combination of eicosapentaenoic acid (EPA; 0.7 g)
and docosahexaenoic acid (DHA; 0.24 g). The supplement groups consumed 3 capsules of FO, one
capsule for each meal, which provided 2.1 g EPA and 0.72 g DHA per day. The RT and CON groups
received placebo capsules, which were identical in appearance (safflower oil; 3 capsules/day). This
dose has been approved by the Food and Drug Administration (FDA) to effectively reduce triglyceride
concentrations in those with high triglyceride levels [20]. Also, a previous study reported that
whole-body protein synthesis is substantially increased with similar doses treated to rodent animals
(relative to their body weight) [26], while greater doses are not effective on protein metabolism or even
impair protein synthesis [27,28]. Participants consumed the supplement pills daily and returned the
empty and/or remaining pills in order to ensure their compliance. The tablet counts revealed >90%
compliance in each group.

2.5. Handgrip Strength and Physical Function Assessment

Handgrip strength measurements were performed pre- and post-intervention to evaluate strength
changes in each group. To assess handgrip strength, an analogue hand dynamometer was used.
Participants stood and had their elbow by their side at a right angle with a neutral wrist position.
The base grip was on the first metacarpal, while four fingers were positioned on the handle. When
ready, participants squeezed the dynamometer with their maximal effort for 5 s without their body
moving. They performed three trials and the highest number was recorded.

Physical function was evaluated using following tests: (1) Five times sit-to-stand (5X-STS):
participants performed the test on a hard, straight-backed, arm-less chair (43 cm in height) placed
against the wall. With both arms crossed on the chest, they performed three trials of five times
sit-to-stand at their maximal speed with a 2 min rest interval. The time was stopped with completion
of fifth repetition. (2) Timed up and go (TUG): participants were instructed to sit on the chair (43 cm
height) and rise, walk around a cone (2.44 m from the chair), and return back to the chair at their
maximal walking speed. Three trials were given with 1 min resting interval. (3) A total of 6-m walk
(6 MW): participants walked to a marked point over the 6-m line at their maximal speeds for three
trials with a 30 s rest between each trial. (4) A total of 30-s sit-to-stand (30S-STS): participants were
asked to repeat standing up and sitting down from a chair as many repetitions as they could for 30 s.
The number of repetitions was recorded to represent their capacity.
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2.6. Blood Pressure Measurement

Arterial blood pressure was assessed pre- and post-intervention by using an electronic blood
pressure sphygmomanometer (Panasonic EW31092, Newark, NJ, USA). After 10-min rest period in a
quiet environment, BP was measured twice and mean values for systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were recorded. If the two measurements provided values that varied
greater than 2%, a third measurement was performed and the mean value of the two closest was
selected for the data analysis. Mean arterial pressure (MAP) was calculated by using the following
equation, MAP = [(2/3 x DBP) + (1/3 x SBP)].

2.7. Statistical Analysis

All data are presented as the mean + SD. After normality assurance, 3 (experimental condition)
X 2 (time) repeated measures ANOVA was used to analyze all outcome measurements. Statistical
significance was set at p < 0.05. When the significant interaction was noted, Tuckey’s post hoc testing
was used to localize main or interaction effects. Cohen’s d effect sizes were calculated using the
equation: d = (mean difference between pre- and post-intervention)/(pooled standard deviation). Using
Cohen’s conventions, values of 0.2, 0.5, and 0.8 were considered small, medium, and large effects,
respectively. Cohen’s d values > 0.5 were interpreted as a practical/functional impact of intervention.

3. Results

Descriptive data of participants at baseline are provided in Table 1. There was no significant
difference in age and anthropometric characteristics between groups pre-intervention.

Progression of exercise training is provided in Table 2. We observed greater than 90% adherence
with similar progression of the work load in both training groups over the intervention period.
Moreover, there were no significant differences in training loads between RT and RTFO throughout the
intervention period.

Table 1. Descriptive characteristics of subjects at baseline.

Variable CON (n =18) RT (n =10) RTFO (n =10)
Age (years) 66.5 + 5.0 66.6 +7.3 67.1+44
Height (cm) 167.2 + 10.24 1679 + 5.7 171.6 £ 9.3
Weight (kg) 68.9 +15.8 66.5 +11.5 70.8 £ 13.5
Body mass index (kg/m?) 243 +34 23.5+3.6 24.0+32

CON = control; RT = resistance training; RTFO = resistance training + fish oil. Values are mean + SD.

Table 2. Progression of exercise training throughout the intervention period.

Exerci Gr Training Weeks Weeks Weeks Weeks Weeks Weeks
ercise oups Volume 1-2 3-4 5-6 7-8 9-10 11-12
RT Weight (kg) 341132 399174 4482197 485+222 517+£243 540252
Lat Reps 394+21  38.8+38 36.9 + 6.0 382 +25 343+7.1 35.7 6.8
Pull-down jrpo | Weight(kg)  289£105 3694136  413:157 453177 478+179 501175
Reps 400+00  37.8+35 364+43 35.1+7.1 334+9.0 31.6 89
RT Weight (kg) 290114 37.0+150 41.8+169  441+207 47.9+£239 523222
Seated R Reps 400+00  40.0+00 40.0 £0.0 37662 36.9 +6.1 39.0+ 1.1
cated ow jrpo  Weight(kg) 278123 342+136  383:156 427+175 455:175 481167
Reps 400+00  40.0%0.0 39.8 + 0.6 373+53 393+15 38.8 24
RT Weight (kg) ~ 9.4%29 12.0 +38 134+44 144 +52 147 +55 155 + 6.2
Biceps Curl Reps 396+14  39.1+28 37.7 £ 4.0 36.9 + 4.6 38.0 2.1 38.0 £ 3.6
jrpo | Weight(kg) 9632 12342 13.9+49 154 +5.3 163 +5.3 183 6.2
Reps 400£00  39.7+09 392+ 19 374 +50 38.1 + 4.6 37746
RT Weight (kg) 927 +29.8 1193385 13472433 1489+492 1621+519 1746 +56.0
Leg Press Reps 400+00  40.0+00 40.0 £0.0 39.7 +0.8 392+14 392+1.0
jrFo  Weight(kg) 953266 1242329 137.9+375 1532427 1637+421 1687479

Reps 40.0+0.0 40.0+0.0 40.0 +0.0 385+4.7 40.0+0.0 40.0+0.0
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Table 2. Cont.

Exercise Groups Training Weeks Weeks Weeks Weeks Weeks Weeks
Volume 1-2 3-4 5-6 7-8 9-10 11-12
RT Weight (kg)  33.7+11.1 43.6+145  487+164  54.0+18.1 588+199  63.6+208
Calf Rise Reps 40.0 0.0 40.0 0.0 394 %21 39.9+0.3 39.5+0.8 39.4+0.8
RTFO Weight (kg) 354 +105 463+138 51.1+160 56.7+182 604+ 185 71.1+26.0
Reps 39.9+0.2 36.6 +9.4 40.0 £ 0.0 37.7+49 39.5+0.9 373+6.7

RT = resistance training; RTFO = resistance training + fish oil.

3.1. Handgrip Strength and Physical Function

The data for handgrip strength and physical function are presented in Table 3.

Table 3. Handgrip strength and physical function pre- and post-intervention.

] CON (n=18) RT (n =10) RTFO (n =10)
Variable
Pre Post Pre Post Pre Post
Handgrip strength (kg) 26.8+6.6 258+63* 285+68 300x7.6* 267+46 292 +4.8*
5X-STS (s) 6.7+1.0 69+1.0 71x1.6 65+13* 75+1.2 59+07*
TUG (s) 6.1+0.6 6.5+06%* 57+07 52+0.6* 58+0.8 48 +04*
6MW (s) 3.7+05 3.8+04 33+05 3.0+03* 32+0.2 2.7 +02%

30S-STS (repetition) 235+19 225+21* 207+49 229+41* 193+29 234+27*

5X-STS = five times sit-to-stand; TUG = timed up and go; 6MW = 6-m walk; 30S-STS = 30-s sit-to stand. CON =
control; RT = resistance training; RTFO = resistance training + fish oil. Values are mean =+ SD. * p < 0.05, significantly
different from pre-intervention; ! p < 0.05, significantly different from CON post-intervention.

There was a significant group X time interaction for handgrip strength. No difference was observed
in handgrip strength between groups pre-intervention. Handgrip strength significantly increased in
both RT (+5.3%, p = 0.007, d = 0.21) and RTFO (+9.4%, p < 0.001, d = 0.53) from baseline, while it
significantly decreased in CON (-=3.9%, p = 0.003, d = 0.17).

There was a significant group X time interaction for all physical function outcomes. There was no
significant difference in all physical function measurements between groups at baseline. The 5X-STS
time substantially decreased in RT (-8.5%, p = 0.001, d = 0.41) and RTFO (-21%, p = 0.001, d = 1.63),
but no change was found in CON. Similarly, The TUG time was significantly decreased in RT (—8.7%,
p <0.001,d = 0.77) and RTFO (-17.2%, p = 0.001, d = 1.58) from pre- to post-intervention, while CON
exhibited an increase from baseline (+6.6%, p = 0.01, 4 = 0.21). CON demonstrated the significantly
slower TUG time than RT (p = 0.015) and RTFO (p = 0.005) post-intervention. The 6MW time was
significantly shorter in RT (-9.1%, p = 0.006, d = 0.73) and RTFO (-15.6%, p < 0.001, d = 2.5) than
baseline, while no change was observed in CON. CON exhibited the significantly slower 6MW time
than RT (p = 0.003) and RTFO (p < 0.001). The numbers of 305-STS were substantially increased in RT
(+10.6%, p < 0.001, d = 0.49) and RTFO (+21.2%, p < 0.001, d = 1.46) from baseline, but CON showed a
significant decrease (—4.3%, p = 0.018, d = 0.5).

3.2. Blood Pressure

The data for blood pressure are presented in Figure 1. There was a significant group X time
interaction for all BP measurements (i.e., SBP, DBP, MAP). No difference was observed between groups
in SBP, DBP, and MAP at baseline. RTFO exhibited a remarkable decrease in SBP (-7.8 mmHg, p < 0.001,
d = 0.69) from baseline, but no notable change was found in CON and RT. Similarly, DBP greatly
decreased only in RTFO (—4.5 mmHg, p = 0.032, 4 = 0.56) from pre- to post-intervention with no change
in CON and RT. MAP substantially reduced over time only in RTFO (-5.8 mmHg, p = 0.002, d = 0.64),
while no change was observed in CON and RT.
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Figure 1. Blood pressure pre- and post-intervention. SBP = systolic blood pressure; DBP = diastolic
blood pressure; MAP = mean arterial pressure. CON = control; RT = resistance training; RTFO =
resistance + fish oil. Values are mean + SD. * p < 0.05, significantly different from pre-intervention.

4. Discussion

The primary aim of the present study was to investigate the effects of FO supplementation during
12-weeks of programmed RT on grip strength, physical function, and BP in healthy community-dwelling
older adults. The major findings of our study were that programmed RT improved aging-mediated
declines in handgrip strength and some aspects of physical function outcomes (i.e., TUG and 30S-STS).
In addition, 12-weeks of FO consumption combined with RT improved BP in older adults.

To assess muscular strength, we used the handgrip strength test, which has been widely used
in epidemiology research as it is considered a strong predictor of health outcomes [29]. Leong and
colleagues found that grip strength was negatively correlated with all-cause mortality in the prospective
urban-rural epidemiology study in 17 countries of people with various socioeconomic statuses [30].
Their findings were supported by a current study, which described markedly lower grip strength in
older adults (>80 years) than young adults (30-39 years) [31]. We observed a significant decrease
in handgrip strength in CON, which agreed with the previous evidence, while the strength decline
was greatly improved by 12-weeks of programmed RT (+5.3%, d = 0.2) alone and combined with FO
administration (+9.4%, d = 0.5). As grip strength is highly associated with muscle mass and age [32],
our results indicate that the chronic RT-induced grip strength improvement may result from increments
in muscle mass. Further, we observed the extent of the strength improvement was greater in RTFO.

For physical function, we observed significant declines in some aspects of physical function in CON
(i.e.,, TUG, 30S-STS), while these impairments were reversed by programmed RT. Similarly, RT exhibited
great improvements in other physical function outcomes (i.e., 5T-STS, 6MW) from baseline, while
RTFO produces greater treatment effects as shown in the Cohen’s d values. While the greater Cohen’s
d values in RTFO appear to have practical significance of FO in physical function, these outcomes
may result from the smaller standard deviation in RTFO as compared to RT as shown in the Table 3,
inflating the d values. Future research needs to be performed to prove the potential synergistic effects
of FO on RT-induced benefits in strength and physical function. These data indicate that aging-related
functional decline can be combated or even reversed by regular RT and FO administration.

We also assessed changes in BP in response to 12-week of RT alone and combined with FO
supplementation in older adults. Our data describe that 12-weeks of FO consumption with RT
significantly decreased in BP, but no change was found in both CON and RT. While the anti-hypertensive
effects of aerobic exercise in elderly have been well documented, beneficial effects of RT on BP
improvements remain to be established. Delmonico et al. reported that 23-weeks of RT markedly
decreased SBP and DBP in normotensive elderly [33]. Their findings agreed with those of Martel
and colleagues who also found a significant decrement in both SBP and DBP in older adults after
24-weeks of RT [34]. However, Wood et al. reported that 12-weeks of RT did not influence BP in
normotensive elderly [35], which was supported by the report of Anton et al. who also described no
effects of 13-week of RT on BP in normotensive aged individuals [36]. The intervention period of our
study was 12-weeks, similar to Wood et al. and Anton et al. and showed no change in BP in RT. Thus,
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it could be suggested that 12-weeks of RT would not be sufficient to improve BP in normotensive older
adults. Future research will be needed to support this speculation.

On the other hand, we observed a significant decrease in BP when RT was combined with FO
supplementation in older adults: SBP (-7.8 mmHg), DBP (—4.5 mmHg), and MAP (-5.6 mmHg).
These findings are in accordance with previous evidence that reported FO supplementation markedly
influenced BP in normotensive [37-39] or hypertensive [40,41] individuals. Clinical and epidemiologic
evidence demonstrated cardiovascular-protective properties of FO. The primary alteration in the
cardiovascular system during aging is the elevation in BP caused by structural and functional alterations
in blood vessels. Specifically, aged individuals tend to lose vascular compliance, leading to increases in
vascular resistance and SBP. This in turn produces a greater demand on cardiac muscle and would make
the left ventricle larger and more rigid [42]. In addition, aging may decrease peripheral circulation due
to impaired endothelial function in the vascular system. Endothelial cells, located between smooth
muscle cells and blood, are responsible for vascular homeostasis as they regulate BP, arterial stiffness,
and vascular permeability [43]. The impaired endothelial function may result from the decreased
levels of vasodilator (i.e., nitric oxide) and the blunted response to stimuli of vasodilation, triggering
the elevation of DBP as well as MAP [44]. The impaired endothelial function is closely correlated with
many cardiovascular diseases [45].

It could be hypothesized that the way FO supplementation decreases BP is by improving
endothelial cell function and thus arterial compliance. Administration of n-3 resulted in significant
reduction in blood pressure accompanied with notable decrease in systemic vascular resistance
by arterial vasodilation in hypertensive patients with cardiac transplantation [46]. The ways n-3
improves endothelial function include increased synthesis of vasodilators (e.g., nitric oxide) and
improved vascular sensitivity to the vasodilators, lowering molecular concentration in blood vessels
that is associated with an increase in arterial stiffness (e.g., thromboxane A2 or cyclic endoperoxides),
and improved lipid profiles (e.g., decreased density lipoprotein cholesterol) [47]. A number of
intervention studies supported the anti-obesity and anti-hypertensive effects of FO. Shen et al. found a
significant decrease in low density lipoprotein-cholesterol, total cholesterol, with a great increase in
high density lipoprotein-cholesterol, accompanied with a remarkable decrease in DBP after 12-weeks
of n-3 administration in older adults. In addition, animal research claimed that the anti-obesity effects
of n-3 would be dose dependent as increased n-3 consumption augmented the rate of body fat loss
in rodents fed high-fat diet [19,48]. Taken together, the BP improvements with FO may result from
increased arterial compliance with improved endothelial function in older adults. Future research will
be needed to prove the suggested speculation.

While the present study provided meaningful findings, we note that it has several limitations.
First, we did not conduct biochemical and molecular analyses, which could nicely support the proposed
speculations. Secondly, we could not completely control diet and physical activity levels of participants,
which could result in some variations in the collected data.

5. Conclusions

In conclusion, 12-weeks of programmed RT combated age-related alterations in strength and
physical function associated with activities of daily living, while fish oil administration combined
with programmed RT improved BP in older adults. These outcomes suggest chronic RT and FO
treatment as a therapeutic intervention for improving the muscular and vascular function, respectively,
of older adults. Overall, our findings would provide meaningful implications for future clinical
research to develop effective intervention programs for enhancing functional independence as well as
cardiovascular health in older populations.

Author Contributions: Conceptualization, S.-R.L.; methodology, S.-R.L.; software, S.-R.L.; validation, S.-R.L.;
formal analysis, S.-R.L.; investigation, S.-R.L.; resources, S.-R.L.; data curation, S.-R.L.; writing—original draft
preparation, S.-R.L., E]J. and A.VK,; writing—review and editing, S.-R.L., E.J. and A.V.K,; visualization, S.-R.L., E.J.
and A.VK,; supervision, 5.-R.L.; project administration, S.-R.L.; funding acquisition, S.-R.L.



Sports 2019, 7, 167 8 of 10

Funding: This research was funded by New Mexico State University College of Education.

Acknowledgments: Appreciation is extended to the undergraduate assistants in Biochemistry and Molecular
Exercise Physiology Lab in New Mexico State University for exercise training and data collection; Rebecca P.
Mehlin, Gilbert Sigala, Joshua K. Krause, Lexie P. Fitch, Josi R. Gabaldon.

Conflicts of Interest: The authors declare no conflicts of interest related to this work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Carmeli, E.; Coleman, R.; Reznick, A.Z. The biochemistry of aging muscle. Exp. Gerontol. 2002, 37, 477-489.
[CrossRef]

Aniansson, A.; Sperling, L.; Rundgren, A.; Lehnberg, E. Muscle function in 75-year-old men and women.
A longitudinal study. Scand. J. Rehabil. Med. Suppl. 1983, 9, 92-102. [PubMed]

Wolfson, L.; Judge, J.; Whipple, R.; King, M. Strength is a major factor in balance, gait, and the occurrence of
falls. J. Gerontol. A Biol. Sci. Med. Sci. 1995, 50, 64—67. [PubMed]

Tinetti, M.E.; Williams, C.S. Falls, injuries due to falls, and the risk of admission to a nursing home. N. Engl.
J. Med. 1997, 337, 1279-1284. [CrossRef] [PubMed]

Giampaoli, S.; Ferrucci, L.; Cecchi, F.; Lo Noce, C.; Poce, A.; Dima, F.; Santaquilani, A.; Vescio, M.F.; Menotti, A.
Hand-grip strength predicts incident disability in non-disabled older men. Age Ageing 1999, 28, 283-288.
[CrossRef] [PubMed]

Rantanen, T.; Guralnik, ].M.; Foley, D.; Masaki, K.; Leveille, S.; Curb, J.D.; White, L. Midlife hand grip
strength as a predictor of old age disability. JAMA 1999, 281, 558-560. [CrossRef] [PubMed]

Atkins, ].L.; Whincup, PH.; Morris, RW.; Lennon, L.T.; Papacosta, O.; Wannamethee, S.G. Sarcopenic obesity
and risk of cardiovascular disease and mortality: A population-based cohort study of older men. J. Am.
Geriatr. Soc. 2014, 62, 253-260. [CrossRef] [PubMed]

Bunout, D.; de la Maza, M.P; Barrera, G.; Leiva, L.; Hirsch, S. Association between sarcopenia and mortality
in healthy older people. Australas ]. Ageing 2011, 30, 89-92. [CrossRef]

Kannel, W.B.; Sorlie, P. Some health benefits of physical activity. The Framingham Study. Arch. Int. Med.
1979, 139, 857-861. [CrossRef]

Vasan, R.S; Beiser, A.; Seshadri, S.; Larson, M.G.; Kannel, W.B.; D’ Agostino, R.B.; Levy, D. Residual lifetime
risk for developing hypertension in middle-aged women and men: The Framingham Heart Study. JAMA
2002, 287,1003-1010. [CrossRef]

Berlin, J.A.; Colditz, G.A. A meta-analysis of physical activity in the prevention of coronary heart disease.
Am. ]. Epidemiol. 1990, 132, 612-628. [CrossRef] [PubMed]

Fletcher, G.F; Balady, G.; Blair, S.N.; Blumenthal, J.; Caspersen, C.; Chaitman, B.; Epstein, S.; Sivarajan
Froelicher, E.S.; Froelicher, V.F,; Pina, I.L.; et al. Statement on exercise: Benefits and recommendations for
physical activity programs for all Americans. A statement for health professionals by the Committee on
Exercise and Cardiac Rehabilitation of the Council on Clinical Cardiology, American Heart Association.
Circulation 1996, 94, 857-862. [PubMed]

Kaplan, N.M. Long-term effectiveness of nonpharmacological treatment of hypertension. Hypertension 1991,
18, 1153-1160. [CrossRef] [PubMed]

Fiatarone, M.A.; Marks, E.C.; Ryan, N.D.; Meredith, C.N.; Lipsitz, L.A.; Evans, W.]. High-intensity strength
training in nonagenarians. Effects on skeletal muscle. JAMA 1990, 263, 3029-3034. [CrossRef] [PubMed]
Frontera, W.R.; Meredith, C.N.; O’Reilly, K.P,; Knuttgen, H.G.; Evans, W.J. Strength conditioning in older
men: Skeletal muscle hypertrophy and improved function. J. Appl. Physiol. (1985) 1988, 64, 1038-1044.
[CrossRef] [PubMed]

Simons, R.; Andel, R. The effects of resistance training and walking on functional fitness in advanced old age.
J. Aging Health 2006, 18, 91-105. [CrossRef]

Taaffe, D.R.; Galvao, D.A.; Sharman, J.E.; Coombes, ].S. Reduced central blood pressure in older adults
following progressive resistance training. J. Hum. Hypertens. 2007, 21, 96-98. [CrossRef]

Lee, S.R.; Khamoui, A.V,; Jo, E.; Zourdos, M.C.; Panton, L.B.; Ormsbee, M.].; Kim, J.S. Effect of conjugated
linoleic acids and omega-3 fatty acids with or without resistance training on muscle mass in high-fat diet-fed
middle-aged mice. Exp. Physiol. 2017, 102, 1500-1512. [CrossRef]


http://dx.doi.org/10.1016/S0531-5565(01)00220-0
http://www.ncbi.nlm.nih.gov/pubmed/6585946
http://www.ncbi.nlm.nih.gov/pubmed/7493221
http://dx.doi.org/10.1056/NEJM199710303371806
http://www.ncbi.nlm.nih.gov/pubmed/9345078
http://dx.doi.org/10.1093/ageing/28.3.283
http://www.ncbi.nlm.nih.gov/pubmed/10475865
http://dx.doi.org/10.1001/jama.281.6.558
http://www.ncbi.nlm.nih.gov/pubmed/10022113
http://dx.doi.org/10.1111/jgs.12652
http://www.ncbi.nlm.nih.gov/pubmed/24428349
http://dx.doi.org/10.1111/j.1741-6612.2010.00448.x
http://dx.doi.org/10.1001/archinte.1979.03630450011006
http://dx.doi.org/10.1001/jama.287.8.1003
http://dx.doi.org/10.1093/oxfordjournals.aje.a115704
http://www.ncbi.nlm.nih.gov/pubmed/2144946
http://www.ncbi.nlm.nih.gov/pubmed/8772712
http://dx.doi.org/10.1161/01.HYP.18.3_Suppl.I153
http://www.ncbi.nlm.nih.gov/pubmed/1889854
http://dx.doi.org/10.1001/jama.1990.03440220053029
http://www.ncbi.nlm.nih.gov/pubmed/2342214
http://dx.doi.org/10.1152/jappl.1988.64.3.1038
http://www.ncbi.nlm.nih.gov/pubmed/3366726
http://dx.doi.org/10.1177/0898264305281102
http://dx.doi.org/10.1038/sj.jhh.1002115
http://dx.doi.org/10.1113/EP086317

Sports 2019, 7, 167 90f 10

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hainault, I.; Carolotti, M.; Hajduch, E.; Guichard, C.; Lavau, M. Fish oil in a high lard diet prevents obesity,
hyperlipemia, and adipocyte insulin resistance in rats. Ann. N. Y. Acad. Sci. 1993, 683, 98-101. [CrossRef]
Smith, G.I.; Atherton, P.; Reeds, D.N.; Mohammed, B.S.; Rankin, D.; Rennie, M.].; Mittendorfer, B.
Dietary omega-3 fatty acid supplementation increases the rate of muscle protein synthesis in older adults:
A randomized controlled trial. Am. J. Clin. Nutr. 2011, 93, 402—412. [CrossRef]

Smith, G.I.; Atherton, P.; Reeds, D.N.; Mohammed, B.S.; Rankin, D.; Rennie, M.]J.; Mittendorfer, B.
Omega-3 polyunsaturated fatty acids augment the muscle protein anabolic response to hyperinsulinaemia-
hyperaminoacidaemia in healthy young and middle-aged men and women. Clin. Sci. (Lond.) 2011, 121,
267-278. [CrossRef] [PubMed]

Halminski, M.A.; Marsh, ].B.; Harrison, E.H. Differential effects of fish oil, safflower oil and palm oil on fatty
acid oxidation and glycerolipid synthesis in rat liver. J. Nutr. 1991, 121, 1554-1561. [CrossRef] [PubMed]
GISSI-Prevenzione Investigators. Dietary supplementation with n-3 polyunsaturated fatty acids and vitamin
E after myocardial infarction: Results of the GISSI-Prevenzione trial. Lancet 1999, 354, 447—455. [CrossRef]
Christensen, J.H.; Gustenhoff, P.; Korup, E.; Aaroe, ]J.; Toft, E.; Moller, J.; Rasmussen, K.; Dyerberg, J.;
Schmidt, E.B. Effect of fish oil on heart rate variability in survivors of myocardial infarction: A double blind
randomised controlled trial. BMJ 1996, 312, 677-678. [CrossRef] [PubMed]

Yokoyama, M.; Origasa, H.; Matsuzaki, M.; Matsuzawa, Y.; Saito, Y.; Ishikawa, Y.; Oikawa, S,
Sasaki, J.; Hishida, H.; Itakura, H.; et al. Effects of eicosapentaenoic acid on major coronary events
in hypercholesterolaemic patients (JELIS): A randomised open-label, blinded endpoint analysis. Lancet 2007,
369, 1090-1098. [CrossRef]

Hayashi, N.; Tashiro, T.; Yamamori, H.; Takagi, K.; Morishima, Y.; Otsubo, Y.; Sugiura, T.; Furukawa, K;
Nitta, H.; Nakajima, N.; et al. Effect of intravenous omega-6 and omega-3 fat emulsions on nitrogen retention
and protein kinetics in burned rats. Nutrition 1999, 15, 135-139. [CrossRef]

Hirschberg, Y.; Pomposelli, ].J.; Blackburn, G.L.; Istfan, N.W.; Babayan, V.; Bistrian, B.R. The effects of chronic
fish oil feeding in rats on protein catabolism induced by recombinant mediators. Metabolism 1990, 39, 397-402.
[CrossRef]

Smith, H.J.; Greenberg, N.A.; Tisdale, M.]. Effect of eicosapentaenoic acid, protein and amino acids on protein
synthesis and degradation in skeletal muscle of cachectic mice. Br. J. Cancer 2004, 91, 408—412. [CrossRef]
Sasaki, H.; Kasagi, F.; Yamada, M.; Fujita, S. Grip strength predicts cause-specific mortality in middle-aged
and elderly persons. Am. J. Med. 2007, 120, 337-342. [CrossRef]

Leong, D.P; Teo, KK.; Rangarajan, S.; Lopez-Jaramillo, P; Avezum, A., Jr.; Orlandini, A.; Seron, P;
Ahmed, S.H.; Rosengren, A.; Kelishadi, R.; et al. Prognostic value of grip strength: Findings from the
Prospective Urban Rural Epidemiology (PURE) study. Lancet 2015, 386, 266—273. [CrossRef]

Amaral, C.A.; Amaral, T.L.M.; Monteiro, G.T.R.; Vasconcellos, M.T.L.; Portela, M.C. Hand grip strength:
Reference values for adults and elderly people of Rio Branco, Acre, Brazil. PLoS ONE 2019, 14, e0211452.
[CrossRef] [PubMed]

Kallman, D.A.; Plato, C.C.; Tobin, J.D. The role of muscle loss in the age-related decline of grip strength:
Cross-sectional and longitudinal perspectives. J. Gerontol. 1990, 45, M82-M88. [CrossRef] [PubMed]
Delmonico, M.J.; Ferrell, R.E.; Meerasahib, A.; Martel, G.F; Roth, S.M.; Kostek, M.C.; Hurley, B.F. Blood
pressure response to strength training may be influenced by angiotensinogen A-20C and angiotensin II type
I receptor A1166C genotypes in older men and women. |. Am. Geriatr. Soc. 2005, 53, 204-210. [CrossRef]
[PubMed]

Martel, G.F,; Hurlbut, D.E.; Lott, M.E.; Lemmer, ].T.; Ivey, EM.; Roth, S.M.; Rogers, M.A.; Fleg, ] L.; Hurley, B.F.
Strength training normalizes resting blood pressure in 65- to 73-year-old men and women with high normal
blood pressure. |. Am. Geriatr. Soc. 1999, 47, 1215-1221. [CrossRef] [PubMed]

Wood, R.H.; Reyes, R.; Welsch, M. A.; Favaloro-Sabatier, J.; Sabatier, M.; Matthew Lee, C.; Johnson, L.G.;
Hooper, PF. Concurrent cardiovascular and resistance training in healthy older adults. Med. Sci. Sports Exerc.
2001, 33, 1751-1758. [CrossRef] [PubMed]

Anton, M.M.; Cortez-Cooper, M.Y.; DeVan, A.E.; Neidre, D.B.; Cook, ].N.; Tanaka, H. Resistance training
increases basal limb blood flow and vascular conductance in aging humans. J. Appl. Physiol. (1985) 2006, 101,
1351-1355. [CrossRef]


http://dx.doi.org/10.1111/j.1749-6632.1993.tb35696.x
http://dx.doi.org/10.3945/ajcn.110.005611
http://dx.doi.org/10.1042/CS20100597
http://www.ncbi.nlm.nih.gov/pubmed/21501117
http://dx.doi.org/10.1093/jn/121.10.1554
http://www.ncbi.nlm.nih.gov/pubmed/1765819
http://dx.doi.org/10.1016/S0140-6736(99)07072-5
http://dx.doi.org/10.1136/bmj.312.7032.677
http://www.ncbi.nlm.nih.gov/pubmed/8597736
http://dx.doi.org/10.1016/S0140-6736(07)60527-3
http://dx.doi.org/10.1016/S0899-9007(98)00168-3
http://dx.doi.org/10.1016/0026-0495(90)90255-B
http://dx.doi.org/10.1038/sj.bjc.6601981
http://dx.doi.org/10.1016/j.amjmed.2006.04.018
http://dx.doi.org/10.1016/S0140-6736(14)62000-6
http://dx.doi.org/10.1371/journal.pone.0211452
http://www.ncbi.nlm.nih.gov/pubmed/30703162
http://dx.doi.org/10.1093/geronj/45.3.M82
http://www.ncbi.nlm.nih.gov/pubmed/2335723
http://dx.doi.org/10.1111/j.1532-5415.2005.53104.x
http://www.ncbi.nlm.nih.gov/pubmed/15673342
http://dx.doi.org/10.1111/j.1532-5415.1999.tb05202.x
http://www.ncbi.nlm.nih.gov/pubmed/10522955
http://dx.doi.org/10.1097/00005768-200110000-00021
http://www.ncbi.nlm.nih.gov/pubmed/11581562
http://dx.doi.org/10.1152/japplphysiol.00497.2006

Sports 2019, 7, 167 10 of 10

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Mortensen, J.Z.; Schmidt, E.B.; Nielsen, A.H.; Dyerberg, J. The effect of N-6 and N-3 polyunsaturated fatty
acids on hemostasis, blood lipids and blood pressure. Thromb. Haemost. 1983, 50, 543-546. [CrossRef]
[PubMed]

Sanders, T.A.; Vickers, M.; Haines, A.P. Effect on blood lipids and haemostasis of a supplement of cod-liver
oil, rich in eicosapentaenoic and docosahexaenoic acids, in healthy young men. Clin. Sci. (Lond) 1981, 61,
317-324. [CrossRef] [PubMed]

Singer, P; Jaeger, W.; Wirth, M.; Voigt, S.; Naumann, E.; Zimontkowski, S.; Hajdu, I.; Goedicke, W. Lipid and
blood pressure-lowering effect of mackerel diet in man. Atherosclerosis 1983, 49, 99-108. [CrossRef]

Knapp, H.R; FitzGerald, G.A. The antihypertensive effects of fish oil. A controlled study of polyunsaturated
fatty acid supplements in essential hypertension. N Engl. J. Med. 1989, 320, 1037-1043. [CrossRef] [PubMed]
Singer, P.; Berger, I.; Luck, K.; Taube, C.; Naumann, E.; Godicke, W. Long-term effect of mackerel diet on
blood pressure, serum lipids and thromboxane formation in patients with mild essential hypertension.
Atherosclerosis 1986, 62, 259-265. [CrossRef]

Lakatta, E.G.; Levy, D. Arterial and cardiac aging: Major shareholders in cardiovascular disease enterprises:
Part II: The aging heart in health: Links to heart disease. Circulation 2003, 107, 346-354. [CrossRef] [PubMed]
Yamagata, K. Docosahexaenoic acid regulates vascular endothelial cell function and prevents cardiovascular
disease. Lipids Health Dis. 2017, 16, 118. [CrossRef] [PubMed]

ORourke, M.E,; Hashimoto, ]. Mechanical factors in arterial aging: A clinical perspective. J. Am. Coll. Cardiol.
2007, 50, 1-13. [CrossRef] [PubMed]

Cosentino, F; Volpe, M. Hypertension, stroke, and endothelium. Curr. Hypertens. Rep. 2005, 7, 68-71.
[CrossRef] [PubMed]

Ventura, H.O.; Milani, R.V,; Lavie, C.J.; Smart, EW.,; Stapleton, D.D.; Toups, T.S.; Price, H.L. Cyclosporine-
induced hypertension. Efficacy of omega-3 fatty acids in patients after cardiac transplantation. Circulation
1993, 88, 11281-11285. [PubMed]

Das, U.N. Long-chain polyunsaturated fatty acids interact with nitric oxide, superoxide anion, and
transforming growth factor-beta to prevent human essential hypertension. Eur. ]. Clin. Nutr. 2004,
58,195-203. [CrossRef] [PubMed]

Ruzickova, ].; Rossmeisl, M.; Prazak, T.; Flachs, P.; Sponarova, J.; Veck, M.; Tvrzicka, E.; Bryhn, M.; Kopecky, J.
Omega-3 PUFA of marine origin limit diet-induced obesity in mice by reducing cellularity of adipose tissue.
Lipids 2004, 39, 1177-1185. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1055/s-0038-1665251
http://www.ncbi.nlm.nih.gov/pubmed/6636033
http://dx.doi.org/10.1042/cs0610317
http://www.ncbi.nlm.nih.gov/pubmed/6266735
http://dx.doi.org/10.1016/0021-9150(83)90011-4
http://dx.doi.org/10.1056/NEJM198904203201603
http://www.ncbi.nlm.nih.gov/pubmed/2648152
http://dx.doi.org/10.1016/0021-9150(86)90100-0
http://dx.doi.org/10.1161/01.CIR.0000048893.62841.F7
http://www.ncbi.nlm.nih.gov/pubmed/12538439
http://dx.doi.org/10.1186/s12944-017-0514-6
http://www.ncbi.nlm.nih.gov/pubmed/28619112
http://dx.doi.org/10.1016/j.jacc.2006.12.050
http://www.ncbi.nlm.nih.gov/pubmed/17601538
http://dx.doi.org/10.1007/s11906-005-0057-5
http://www.ncbi.nlm.nih.gov/pubmed/15683589
http://www.ncbi.nlm.nih.gov/pubmed/8222166
http://dx.doi.org/10.1038/sj.ejcn.1601766
http://www.ncbi.nlm.nih.gov/pubmed/14749737
http://dx.doi.org/10.1007/s11745-004-1345-9
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design 
	Resistance Exercise Training 
	Fish Oil Supplement and Diet 
	Handgrip Strength and Physical Function Assessment 
	Blood Pressure Measurement 
	Statistical Analysis 

	Results 
	Handgrip Strength and Physical Function 
	Blood Pressure 

	Discussion 
	Conclusions 
	References

