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ABSTRACT

International Journal of Exercise Science 16(3): 620-637, 2023. Older adults (> 65 years) are
recommended to participate in regular exercise to maintain health in late adulthood. The impact of long-term (20+
years) exercise training that align with the American College of Sports Medicine’s (ACSM) recommended
guidelines has not been evaluated for older adults. To address this, a systematic review and meta-analyses were
performed regarding the effects of long-term exercise training on older adult aerobic capacity, muscular fitness,
and body composition that meet the ACSM’s recommendation for weekly training volume. Ten studies with
individuals that performed cardiorespiratory or resistance exercise met the inclusion criteria for the systematic
review. Data from five included studies were analyzed in meta-analyses to determine the relationship between the
effects of cardiorespiratory training on fitness and body composition measured in the same subjects. Main findings
include higher cardiorespiratory fitness (MD: +11.36 mL/kg/min, 95% CI: 5.63 to 17.09 mL/kg/min, p < 0.01) in
older adults who performed long-term cardiorespiratory exercise that was found in conjunction with lower percent
body fat (MD: -5.41%, 95% CI: -7.65 to -3.17%, p < 0.01). Higher volume of cardiorespiratory exercise beyond the
minimum recommendations did not impact benefits. Additionally, resistance-trained older adults showed greater
muscular strength and lower percent body fat with comparable cardiorespiratory fitness to sedentary older adults.
These findings primarily highlight a preservation of cardiorespiratory fitness and lower risk of mortality and
cardiometabolic disease risk for older adults who participate in long-term cardiorespiratory and exercise that meet
the ACSM’s recommended weekly training volume.

KEY WORDS: Lifelong exercise, aerobic, elderly, weight training
INTRODUCTION

Aging elicits a general redistribution of bodily constituents, loss of fat-free mass, and a gain in
fat mass (35). A sedentary lifestyle in older age further increases the risk of increased fat mass
(39) as well as reduced muscle mass (1) and bone mineral density (34) that perpetuate the
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development of cardiometabolic disorders (37), sarcopenia (12, 31), and osteopenia (12, 31).
Chronically active older adults (= 65 years) (12, 31) are considered an ideal model of successful
aging due to health benefits from long-term exercise training (5). Active older adults are known
to have decreased maximal aerobic capacity, a comparable body mass index (BMI) to younger
sedentary adults (25, 34), and non-significant changes in fat mass, fat-free mass, resting heart
rate, or blood pressure over time (19). Fitness, in particular, is well-known for having a
substantial impact on health. For example, maximal aerobic capacity (i.e., VO2max) is a primary
measure of cardiorespiratory fitness and is a critical marker of health. VO2max is the best
predictor of mortality after age-adjustment (28) and higher cardiorespiratory fitness is inversely
associated with all-cause mortality (23). These results imply that a maintenance of
cardiorespiratory fitness in older age will certainly be beneficial, but the length of participation
in and volume of cardiorespiratory exercise likely determine the degree of potential health
benefits.

While the benefits of cardiorespiratory exercise for cardiorespiratory and physical function have
been well reported in older adults (4, 17, 26, 30), evaluations of the impact on body composition
are less common. Body composition assessment may provide useful information for the effects
of exercise with aging on fat distribution as well as bodily constituents of fat mass (e.g., adipose
tissue) and fat-free mass (e.g., muscle, protein, and mineral) (42). Additionally, the evidence
regarding the effects of long-term resistance training on fitness and body composition is limited.
A recent systematic review showed that resistance training interventions in 34 studies were
effective in reducing visceral fat, independent of any changes in diet (20). However, these
included studies reflect relatively short-term health benefits, when considering the length of the
average lifespan, since the duration of resistance training protocols ranged from 2-24 months or
until a BMI < 25 kg/m? was achieved.

The collective benefits of exercise training support recommendations by the American College
of Sports Medicine (ACSM) and the American Medical Association (12, 31). Specifically, ACSM
recommends the same weekly minimum physical activity guidelines for healthy older adults as
for the general adult population to lower the risk of cardiometabolic disease, osteoporosis, and
other age-related health consequences of sedentariness. These recommendations are to achieve
> 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity cardiorespiratory
exercise and resistance training of major muscle groups 2-3 days/week (3). However, only 23 -
47.7% of older adults in 2003-2006 met the current minimum guidelines for weekly training
volume (43). Additionally, these results are based on accelerometer data over four days (43) and
may not represent the chronic engagement in physical activity or sedentariness. Additionally,
the literature is inconsistent with defining older adults and describing the length of training. A
previous meta-analysis shows long-term (20+ years) cardiorespiratory and resistance training
preserves physical function, muscular strength, and percent body fat (%BF) in adults over 60
years of age (24). However, many of these included subjects did not meet the definition of older
adults (> 65 years of age) by American-based organizations (ACSM and the American Medical
Association) (12, 31). Long-term training has also been defined as short as 1 year (33) to as long
as 20+ years (24) of training. Furthermore, since both fitness and body composition are
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associated with disease risk in older age, questions still remain as to whether the impact of long-
term exercise training on fitness are directly reflected to effects on body composition. There has
also been a lack of analysis in comparing the amount of training older adults perform each week
to determine if there are proportional health benefits with higher volumes of exercise training.

The purpose of this review is to analyze the effects of long-term (20+ years) cardiorespiratory or
resistance training, in accordance to the minimum recommendations of weekly training volume
by ACSM, on the fitness and body composition of older adults aged > 65 years. A standardized
assessment for the effects of long-term exercise training in the current review and meta-analyses
based on the minimum exercise recommendations by the American College of Sports Medicine
(ACSM) (12) will provide a model of fitness and body composition in active older adults that
has not been performed previously. Our hypotheses are that long-term exercise training will
result in a preservation of cardiorespiratory fitness or muscular strength as well as an
attenuation of age-related changes in body composition.

METHODS

This systematic review and meta-analysis included de-identified data from published sources
and, therefore, did not require approval from the University of New Mexico Institutional
Review Board.

Protocol and Literature Search: This review followed the Preferred Reporting Items of Systematic
Reviews and Meta-Analyses (PRISMA) (27). While the protocol was not registered in
PROSPERO, duplication of the current review was not found with registered protocols. A
literature search in the online databases CINAHL, Embase, Medline, SPORTDiscus, and Web of
Science was conducted using key words, free text terms, indexed terms, and Boolean operators
and was completed on March 20, 2022. Table 1 provides the complete search that was included
into the database and filtered for articles with human subjects published in English with full-
text availability. Figure 1 provides the sequenced methodology of the search.

Table 1. The literature review search with all key words, free text terms, indexed terms, and Boolean operators.
older adults OR “older adults” OR masters athletes OR “masters athletes” OR older

1" search field athletes OR “older athletes”
Body composition OR “body composition” OR body parameters OR “body parameters”
AND OR body constitution OR “body constitution” OR body fat OR “body fat” OR BMI OR
(2nd search field) “BMI” OR body density OR “body density” OR mineral OR “mineral” OR bone OR
“bone”
exercise OR “exercise” OR physical activity OR “physical activity” OR exercise training
OR “exercise training” OR endurance exercise OR “endurance exercise” OR endurance
AND training OR “endurance training” OR resistance exercise OR “resistance exercise” OR
(third search field) resistance training OR “resistance training” OR strength training OR “strength training”
OR bodyweight exercise OR “body weight exercise” OR concurrent training OR
“concurrent training”
AND
(fourth search long-term OR "long term" OR chronic OR "chronic" OR longitudinal OR "longitudinal"
field)
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Figure 1. PRISMA flow Diagram.

Inclusion Criteria: The following criteria were used for study inclusion in this literature review.
Studies needed an explicit statement of at least one group within the study consisting of adults
> 65 years that performed long-term exercise training for 20+ years immediately prior to or
throughout the respective study. Older adults are classified as > 65 years by both the American
Medical Association (31) and ACSM (12) and the timeframe of long-term exercise training has
been used in prior analyses regarding the effects of exercise in adults (24). At least one
measurement of body composition collected after 20+ years of exercise training was required.
However, preliminary measurements were also recorded if available. Whole body estimations
of body composition assessment from any level of body composition (42) were accepted. Only
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healthy populations free from cardiometabolic, neuromuscular, or neurological disease were
be included. Older adults needed to complete the minimum exercise recommendations for
weekly training volume for cardiorespiratory or resistance exercise by ACSM (12). Specifically,
the participants needed to complete > 2.5 hours/week of cardiorespiratory training or > 2
sessions/week of resistance training. Exercise intensity was recorded if provided but not
included for analysis and it was assumed that the older adults completed the minimum
exercise intensities recommended by ACSM: at least moderate-intensity cardiorespiratory
exercise or > 20% of one-repetition maximum for resistance exercise. Only original studies
published in English, with no date restrictions, and full text available were included. Articles
that met the inclusion criteria and were cited by relevant literature reviews obtained from the
search were also included. For studies with multiple measurements, the longest timespan of
measurements separated by > 20 years were used for analysis. Multiple studies from the same
longitudinal studies were excluded; only one study with either body composition measures or
the longest duration study (if all measured body composition) was used for analysis. Finally,
included studies needed to meet the international ethics standards for conducting research
(16). By using these criteria, within-study identification of trained and sedentary older adult
groups was not used.

Exclusion Criteria: Studies were excluded from the review if: 1) study included another
intervention that prevents isolated analysis of the effect of exercise on fitness and body
composition; 2) Study did not provide information on weekly training volume that was
convertible to hours/week for cardiorespiratory training or sessions/week for resistance
training; 3) Sport-specific exercise training that was not categorized as cardiorespiratory or
resistance training was excluded.

Study Selection: Titles and abstracts were screened for relevance. Articles included in relevant
reviews, systematic reviews, and meta-analyses were also screened. Further evaluation of full-
text articles was used to determine if potentially relevant articles met the inclusion criteria. A
total of 2,680 studies were obtained from the literature search and an additional 31 articles were
obtained by manual search from reference lists from any review articles obtained. After
removing duplicate studies (n =121), 2,559 titles and abstracts were screened, which resulted in
2,476 articles being excluded. The full text of the remaining 83 articles were assessed for
eligibility and 10 studies were determined to be eligible for analysis.

Data Extraction: Predetermined variables were extracted from all eligible studies with means and
standard deviations reported. Included variables pertained to participant demographics (age,
sex, ethnicity, height, weight), self-reported training (years, type, weekly volume or frequency,
and intensity) body composition (BMI, percent body fat, fat-free mass, and bone mineral
density), cardiorespiratory fitness (VO2max or VOzpeak), and muscular strength (limb-specific
maximal voluntary contraction and grip strength). The Cochrane formulae were used to
combine sample sizes, means, and standard deviations for multiple trained or sedentary groups
within the > 65 years age range (18). Any conversions of cardiorespiratory training volumes to
hours/week were rounded to the nearest tenth of an hour. For studies reporting a range of
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weekly exercise sessions performed at or above the recommended duration, the minimum
duration was used. For example, if cardiorespiratory exercise was reported as 6-7 sessions per
week with a minimum 0.5 hour per session, the group was considered to perform 3 hours/week
for analysis.

Quality Assessment: A modified STROBE checklist for cohort, case-control, and cross-sectional
studies (40) was used to evaluate the quality of the studies included in the systematic review
and meta-analyses.

Meta-Analyses: Meta-analyses with random effects were performed using Review Manager
((Revman), Version 5.4.1, The Cochrane Collaboration, 2020), presented as mean difference with
confidence interval, from included study data where means and standard deviations were
provided for estimations of whole-body body composition along with measures of
cardiorespiratory fitness or muscular strength from both trained and sedentary older adult
groups in at least two studies. Therefore, meta-analyses were completed with five of the
included studies (1, 2, 10, 25, 32) to compare the effects of long-term training in active older
adults to sedentary adults related to VOmax, percent body fat, and fat-free mass. Given a
systematic review and meta-analysis with the current inclusion and exclusion criteria has not
been performed previously, effect sizes were not estimated.

RESULTS

There was a total of 265 participants (229 males, 27 females, 9 of an unknown sex) from the 10
studies included in the analysis (1, 2, 7, 10, 19, 25, 32, 34, 36, 38). Tables 2-5 provide information
pertaining to participant characteristics, training experience, body composition assessment, and
fitness measures. The quality assessment showed included studies met on average 12.82 £ 1.17
out of 14 criteria with the results for each study provided in Table 6.

Training Experience: All 10 studies included at least one trained older adult group that performed
long-term cardiorespiratory or resistance exercise for > 20 years. Two studies obtained pre- and
post-measurements from a training period of > 20 years (20-33 years) (19, 32) while the other
eight studies collected measurements only after a training period of > 20 years. There were seven
older adults from the same study that performed long-term resistance training, 134 older adults
from nine studies that performed long-term cardiorespiratory training, and 124 sedentary older
adults from seven studies for comparison.

The endurance-trained older adults performed various types of cardiorespiratory exercise (e.g.,
running, swimming, cycling, walking, cross-country skiing, track and field, and orienteering)
for an average volume of 2.8-10.0 hours/week, which is near or significantly above ACSM’s
minimum recommended volume of 2.5 hours/week (12). Two studies reported a weekly
training intensity ((19): 77-85% heart rate reserve (HRR); (32): 60-80% HRR), collectively showing
these older adults regularly participated in moderate-to-vigorous cardiorespiratory exercise (12)
over 20-33 years. The resistance-trained older adults performed an average of 2-3 resistance
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training sessions per week (1), which is consistent with ACSM’s minimum weekly guidelines
for frequency of resistance training (12).

Body Composition: The most common measure of body composition reported, percent body fat,
was reported by eight studies (1, 2, 7, 10, 19, 25, 32, 34), wherein percent body fat was obtained
with skinfolds in four studies (1, 7, 19, 32) and with DXA in two studies (25, 34). The two
remaining studies did not report the technique used to measure percent body fat (2, 10). Body
mass index and fat-free mass were the next most commonly reported values in five (7, 19, 34, 36,
38) and three (10, 25, 32) studies, respectively, although BMI was reported from sedentary adults
in one study. Lean body mass was reported in two studies (19, 38) and all other assessments of
body composition (fat mass, bone mineral density, skeletal muscle index, appendicular lean
mass, and circumferences) were reported in one of the included studies. Descriptive analysis of
the data shows trained older adults have generally lower percent body fat (12.1-22% vs. 18-
31%) and BMI (23-25.5 vs. 26) after 20+ years of exercise training when compared to sedentary
older adults. However, trained older adults also showed a slightly lower range of fat-free mass
(51-60 kg vs. 52-63.7 kg) compared to their sedentary counterparts. Another notable finding is
from (32) in which circumference measures were reported. Endurance-trained older adults had
smaller values and changes in waist-to-hip ratios (0.88 to 0.93) when compared to sedentary
adults (0.85 to 0.96), showing a lower risk of myocardial infarction using waist-to-hip ratio as a
predictor (9). However, the n = 2 for the sedentary group from Pollock et al. (32) needs to be
considered when interpreting these findings.

Fitness: Cardiorespiratory fitness measures were reported in 10 studies (1, 2, 7, 10, 19, 25, 32, 34,
38). Endurance-trained older adults from nine studies had higher cardiorespiratory fitness
(31.2-49.3 mL/kg/min), determined with VOzpeak and measured or estimated VO2max, when
compared to resistance trained (26.6 mL/kg/min) and sedentary older adults (18.8-36.7
mL/kg/min) from one and seven studies, respectively. This shows a distinct difference between
cardiorespiratory and resistance exercise on cardiorespiratory fitness in older age. From studies
that included pre- and post-measures of cardiorespiratory fitness, there was a smaller decline in
VOomax in endurance-trained older adults (-8.9 to -13.4 mL/kg/min) after 20+ years of
cardiorespiratory training when compared to sedentary older adults (-23.0 mL/kg/min),
although sedentary adults were evaluated in only one of these studies. Limited evidence was
available regarding muscular strength measures; these were only found in four studies (1, 25,
34, 36). Both endurance- and resistance-trained older adults demonstrated greater leg muscular
strength based on maximal voluntary contraction in knee extension. However, the results are
equivocal for the effects of endurance training on arm strength given higher absolute and
relative strength in sedentary adults in elbow flexion and similar results for endurance-trained
and sedentary older adults based on grip strength.

Meta-Analyses: Trained older adults had significantly higher VO2max (mean difference (MD) =
+11.36 mL/kg/min, 95% CI = 5.63 to 17.09 mL/kg/min, p < 0.01) than sedentary adults. The
effects of long-term training on cardiorespiratory fitness appear independent of the amount of
cardiorespiratory training older adults performed when the minimum recommendation for
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weekly cardiorespiratory training volume was achieved. This is evident in four studies that
showed higher VO,max (MD = +12.4 to +17.0 ml/kg/min) in the endurance-trained older adults
where the weekly training volume ranged from 2.8-10 hours per week. The lack of effects of
training above minimum recommendations for improved cardiorespiratory fitness are also
reflected in body composition assessments. Trained older adults also had significantly lower
percent body fat (MD = -5.41%, 95% CI = -7.65 to -3.17%, p < 0.01) without an observable trend
with increasing amount of cardiorespiratory exercise. Non-significant differences were found in
fat-free mass in the studies by Carrick-Ranson et al. (10) and Pollock et al. (32) (MD = -2.03 kg,
95% CI = -499 to 093 kg, p = 0.18), which indicates that significant improvements in
cardiorespiratory fitness are not matched with changes in fat-free mass. Figures 2-4 include the
meta-analyses and forest plots pertaining to VO,max, percent body fat, and fat-free mass.

Table 2. Subject characteristics from included studies.

Sample Height (cm
Study Groups (nf Sex (M/F) Age (years) or m where Weight (kg)
indicated)
Aagaard et Resistance trained 7 M 73922 175143 78.7 £20.1
al. (2007) Sedentary 8 M 705+2.8 1748 + 6.0 829+6.2
. Endurance
131(‘)102’[ al. trained 10 M 68 £6 167 £8 713
( ) Sedentary 11 M 655 1695 82+11
Buyukyazi et Endurance
al. (2003) Trained 11 M 67.1+£6.0 1672177 709+32
Carrick- Endurance 25 17M/8F 68+3 171+ 10 66+ 12
Ranson et al. trained
(2014) Sedentary 52 33M/19F 70+55 171.4 +10.2 75+124
Endurance
+ + +
Kasch et al. trained (pre) B M 4316 177+78 749£55
(199) Endurance 11 M 76.1+5.7 174 £7.9 721%61
trained (post)
Mckendry et Endurance 14 M 671464  170£01(m)  687+66
1. (2020) trained
& Sedentary 12 M 69.8+41  180+01(m) 775142
Endurance 10 M 495+103  179.6+6.2 723+8.9
trained (pre)
Pollock et al. Endurance 10 M 69.8+102  177.6+7.0 731496
(1997) trained (post)
Sedentary (pre) 2 M 525+21 1743 +22 759+17
Sedentary (post) 2 M 735+2.1 1731+05 81.5+0.1
Sanada et al. Endurance
+ - -
(2009) trained 24 M 65.7£3.0
Stenrothetal,  Chdurance 20 M 742427  1755+68 721472
2016) trained
( Sedentary 33 M 748 £3.6 173 +£5 76177
Endurance
Tzroal%pe et al. trained 9 - 811 172+ 2 68 £3
( ) Sedentary 6 M 82+2 172+ 4 77 £5
International Journal of Exercise Science ( \ http:/ /www.intjexersci.com
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Table 3. Exercise training descriptions for included participants.

Length of Training Weeklv Trainin Training
Study Groups Training Type or Sedentariness Vc})flume & Intensity
(years) (%HRR)
Resist: . 2-3
Aagaard et f:;?nir:ice Resistance 50+ sessions/week i
al. (2007) Sedentary - 50+ - -
. Endurance 10£9
Ari etal. trained S 41+18 hours/week )
(2004)
Sedentary - - - -
Buyukyazi Endurance E::élfg;ngiils— 38.8 4185 10.0+8.1 )
et al. (2003) Trained 57 R hours/week
running
Carrick- Endl.lrance Endurance 25+ 3 hours/week -
Ranson et trained
al. (2014) Sedentary - 25+ - -
Endurance Endurance:
. running, - 3.3 hours/week 85+4.7
trained (pre) L .
Kasch et al. swimming, cycling
(1999) Endurance Endurance:
. running, 33+ 5.4 hours/week 77+6.2
trained (post) . . .
swimming, cycling
Mckendry EI;ialilfzgce Endurance: running 36.5+8.1 hoZSsi/-j\;Zek -
et al. (2020)
Sedentary - - - -
Endurance Endurance: running
trained (pre) and walking ) 4.5 hours/week 60 - 80
Endurance Endurance: running
Pollock et trained (post) and walking 20407 2.8 hours/week 60 -80
al. (1997) Sedentary i ) 2.3 hours,/ week <70
(pre)
Sedentary - 209+0 2 hours/week <70
(post)
Sanada et Endurance .
al. (2009) trained Endurance: rowing 46.7 £2.8 3 hours/week -
Stenroth et Endqrance Endurance: running 421 +20 6.5+2.9 -
trained hours/week
al. (2016)
Sedentary - - - -
Endurance: cross
Endurance country skiing, 50+ 8 hours / week )
Tlraggleget trained track and field,
al. ( ) orienteering
Sedentary - - - -

%HRR = percent of heart rate reserve.
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FFM LBM FM BMD SMI ALM/ht
Stud Groups Assessment BMI  %BF o C (cm
y P (kg) (k) (kg) (g/cm®) (%) (kg/m3) =™
. 22.0
Resistance
. 50+ + - - - - - - -
Aagaard trained 738
etal. Skinfold .
(2007) 28.6
Sedentary 50+ t - - - - - - -
2.1
Endurance 41+ 14+ ) ) ) ) ) ) )
Ari et al. trained ) 18 2
(2004) Sedentary - 1BZi - - - - - -
Buyukyazi 388 14.2
etal. E‘;f;;ff Skinfold ~ +  + - - - - - - -
(2003) 185 1.8
Carrick- Endl%rance 25+ 22+ 51z% ) ) ) ) ) i
trained 7 8
Ranson et - 31+ 504
al. (2014) Sedentary 25+ 75 95 - - - - - -
Endurance 12.9
trained - + - 555%5 - - - - -
Kasch et (pre) . 22 -
al. (1999) Endurance Skinfold 12.1 63.4
trained 33+ + - + 5 3 - - - - -
(post) 1.8 e
Endurance Bij 12_'2 52.2 1::)_'3 77+ 771+
Mckendry trained . . 35 ) . ) 4 0.54 i
etal (lefg;ic) > ;éls 23699 69.8
(2020) Sedentary - t 52798 - t - t 7(')399;
54 7 7.1 5.1 '
Waist:
Endurance 13.2 6.7 83.1%
trained - ) 7 5 - - - - - 6.5 Hip:
(pre) 53 7 94.6 +
3.7
Waist:
Endurance 204 177 60 + 874 %
trained * * 7 6_ - - - - - 7.1 Hip:
Pollock et (post) . 0.7 48 ' 93.6 £
al. (1997) Skinfold 3.8
Waist:
Sedentary 1?_'7 63.9 0872 I—7Ii .
(pre) T 106 - - - S
1.1 97.8 £
2.2
Sedentary 20.9 21_'8 63.7 ) ) ) ) ) \gfésr
(post) 0 06 0.6 3.3 Hip:
International Journal of Exercise Science ( \ http:/ /www.intjexersci.com
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98.6 +
2.8

DXA 46.7

(Hologic)

Endurance
trained

Sanada et

1. (2009 +
al. (2009) 2.8

H §
1
1

5.0

116+
0.09

Table 4. Body composition assessment. (cont.)

Stenroth Endurance 421 ) ) ) ) ) ) ) )

etal. trained - 20

(2016) Sedentary - - - - - - - - -
Endurance 50+ ) ) 50 = ) ) ) ) )

Trappe et trained DXA 2

al. (2013) Sedentary (Lunar) ) ) ) 502 * ) ) ) i i

BMI = body mass index, %BF = percent body fat, FFM = fat-free mass, LBM = lean body mass, FM = fat mass, BMD

= bone mineral density, SMI = skeletal muscle index, ALM/ht

circumference.

= appendicular lean mass / height, C =

Table 5. Measures of cardiorespiratory fitness and muscular strength.

VOomax or Plantar Gri
Stud Groubs VO,peak where Knee Extension  Elbow Flexion Flexion S trenp th
y P indicated MVC MVC MVC k *;5
(mL/kg/min) (Nm) &
Resistance 2.88+0.63
Aagaard et trained 26636 Nm/kg ) i )
al. (2007) 221+052
Sedentary 259+32 Nm/ kg - - -
. Endurance
Ari et al. trained 31.2+6.2 - - - -
2004) raine
( Sedentary 18.8+5.1 - - - -
Buyukyazi Endurance
et al. (2003) Trained 31459 ) ) ) )
Carrick- Endgrance 10+5 ) ) ) )
Ranson et trained
al. (2014) Sedentary 25+5.1 - - - -
ained (pre) | 199%55 - - - -
Kasch et al. P
(1999) Endurance
trained 37.0+£52 - - - -
(post)
520+ 105 Nm; 223 +43 Nm; 68
Ert‘fa‘;;aezce (jsgtﬁ’n iaf’e'g) 62+13 Nm/kg +12 Nm/kg leg - 47+59
Mckendry leg FFM FFM
et al. (2020) 6.7+ 6.5 471 + 118 Nm; 257 +49 Nm; 77
Sedentary (est.im_ateid) 57+13 Nm/kg +10Nm/kgleg - 46.3 8.4
leg FFM FFM
Pollock et Endurance
al. (1997) trained (pre) 4277 ) ) ) )
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Endurance
trained 40.8+9.5 - - - -
(post)
Sedentary 50+ 8.7 _ _ - -
(pre)
Sedentary 27 401 i i i )
(post)
Sanada et al. Endurance 35.0+6.5
(2009) trained (VOspeak) - - - 488+69
Endurance 1345 +
Stenroth et . - - - -
L (2016 trained 371
al. (2016) Sedentary - - - 132+21 -
Endurance
T;‘g%pe etal trained 3B+l B B - B
( ) Sedentary 21+1 - - - -

FFM = fat-free mass, MVC = maximal voluntary contraction, VO,max = maximal oxygen consumption, VOzpeak =

peak oxygen consumption
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Figure 2. VOmax random effects meta-analysis and forest plot. Squares represent the mean difference and the

horizontal line through each square represents the confidence interval. CI

cardiorespiratory training, RT = resistance training.
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Figure 3. Percent body fat random effects meta-analysis and forest plot. Squares represent the mean difference and
the horizontal line through each square represents the confidence interval. CI = confidence interval, CT =
cardiorespiratory training, RT = resistance training.
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Figure 4. Fat-free mass random effects meta-analysis and forest plot. Squares represent the mean difference and the
horizontal line through each square represents the confidence interval. CI = confidence interval, CT =
cardiorespiratory training, RT = resistance training.

Table 6. Quality Assessment for each included study using a modified STROBE checklist.

i Sana Tra Carric  Kasc Pollo
Strobe [?.deia fnr;seetl ef:l' BU.YUkY daet pe eP; k- het McKend et S:Enel;o
# referen al. al. (200 aziet al. al. al. Ranso al. ryetal al. al.
€ o007) (1998) 4  (2009) (2009 (2012 netal (199 (2020) (1997 (2015)
1 la 1 1 1 1 1 1 1 1 1 1 1
2 3 1 1 1 1 1 1 1 1 1 1 1
3 5 1 1 1 1 1 1 1 1 1 1 1
4 8 1 1 1 1 1 1 1 1 1 1 1
5 12a 1 1 1 1 1 1 1 1 1 1 1
6 12c N/A 1 N/ 1 N/A 1 1 N/ N/A 1 1
7 9 1 1 1 0 1 1 0 1 1 1 1
8 10 0 1 0 1 1 1 1 0 1 0 1
9 7 1 1 1 1 1 1 1 1 1 1 1
1 7 1 1 0 1 1 1 1 1 1 1 1
1 7 1 1 1 1 1 1 1 1 1 1 1
1 14a 1 1 1 1 1 1 1 1 1 1 1
1 14a 1 1 1 1 1 1 1 1 1 1 1
1 19 1 1 0 1 1 1 1 1 1 1 1
- Sum 12 14 10 13 13 14 13 12 13 13 14

Quality assessment criteria: 1) indicate the study’s design with a commonly used term in the title or the abstract; 2)
state specific objectives, including any prespecified hypotheses; 3) describe length of follow-up; 4) describe body
composition equipment for non-BMI-related variables; 5) describe all statistical methods, including those used to
control for confounding; 6) explain how missing data were addressed; 7) describe any effort to address potential
sources of bias; 8) explain how the study size was arrived at; 9) clearly define weekly training volume or the means
to calculate this from the available data; 10) sufficiently describe types of training; 11) provide fitness and body
composition for older adult group; 12) outline the number of males and females included in the study; 13) outline
anthropometric features of participants (height, age, weight); 14) discuss limitations of the study, taking into
account sources of potential bias or imprecision, as well as direction and magnitude of any potential bias
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DISCUSSION

To our knowledge, this is the first review to analyze the effects long-term exercise training
equaling or exceeding the minimum recommendations of weekly training volume (12) has on
the fitness and body composition levels of older adults. A combination of both aging and
inactivity place all individuals at higher risk of age-related diseases and comorbidities such as
age-related sarcopenia that is associated with a loss of fat-free mass (mostly muscle mass and
bone mineral density) as well as cardiometabolic disease from reduced cardiorespiratory fitness
(decreased or greater decline in VO2max) and increased percent body fat. Long-term training
from the included studies showed a favorable effect on fitness in older adults as shown through
higher or better maintenance of cardiorespiratory fitness and generally higher leg muscular
strength. Furthermore, long-term training confers positive impacts on body composition
through lower or better maintenance of percent body fat for included subjects. Overall, these
collective benefits highlight lower risks in many of the clinical complications associated with
aging and physical inactivity, particularly those related to cardiometabolic health (8, 9, 23, 28,
37).

Higher levels of VOmax are inversely related to all-cause mortality. This has strong clinical
significance since every 1 mL/kg/min increase in VO2max reduces mortality risk by 9% (22).
The higher VO,max values found in endurance-trained older adults was expected and
highlights the importance of cardiorespiratory exercise for older adult health by suppressing the
age-related decline in VO2max. Additionally, trained older adults had similar magnitudes of
improved cardiorespiratory fitness compared to the sedentary adults within their respective
studies. This may indicate that older adults who consistently perform near the recommended
minimum weekly volume of cardiorespiratory exercise (10, 32) may achieve similar health
benefits, particularly related to mortality, obtained by older adults training at volumes far in
excess of the minimum recommended volume (2, 38). However, the results from the current
analysis related to cardiorespiratory fitness do not reflect those from a recent study reporting
that individuals doubling the recommended weekly training volume had the lowest risk for
onset of hypertension during adult life (from 18 to 60 years of age) (29). This may indicate the
VOzmax-related benefits, a key marker for mortality, may plateau beyond 2.5 hours/week of
cardiorespiratory exercise while optimal health benefits that lower hypertension risk still
require higher volumes of exercise training. This is important information for professionals
when developing exercise programs for client or patient goals primarily related to physical
titness, health, or both. In addition to weekly training volume, consistent future reporting of
training intensity will help to discern potential reasons for these opposing findings regarding
the amount of weekly exercise that is required for optimal benefits related to both mortality and
cardiovascular health.

From the included studies, appendicular lean mass / height was higher in endurance-trained
older adults and has a positive association with survival rates (6). The findings related to percent
body fat in the current study are similar to results in another meta-analysis that investigated the
impact of long-term exercise training despite slight differences for systematic review inclusion
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criteria (24). In the current review, weekly cardiorespiratory or resistance exercise needed to be
quantified and the minimum older adult group age was 65 years, which resulted in only four
studies that directly compared the percent body fats of older trained and sedentary adults. Of
course, the purposes of each review vary with the current analyses, specifically, showing strong
positive effects of long-term cardiorespiratory training on VO:max and body composition
related to body fat. The results related to percent body fat need to be interpreted while
considering the subject population in the current review: older adults (> 65 years). Meeting the
ACSM minimum guidelines of 150 minutes of moderate to vigorous physical activity can
prevent > 3% weight gain in adults, which is significant to reduce cardiovascular disease (11).
However, the clinical significance of health measures related to weight, specifically, for older
adults is questionable. For example, sarcopenia may be caused by obesity (i.e., sarcopenic
obesity) and unintentional weight loss, common conditions associated with advanced aging
(13). Obesity also does not predict mortality risk for older adults as it does for young adults (21).
Therefore, lower weights and percent body fat, alone, in endurance-trained older adults do not
necessarily represent improved health.

Possible reduction in overall fat-free mass (kg) between endurance-trained and sedentary
adults, particularly from Pollock et al. (32), was an interesting finding. A preservation of fat-free
mass reduces the risk of age-related sarcopenia, which has previously been observed to develop
in as little as three years (15). It is unlikely that the results from Pollock et al. (32) indicate
cardiorespiratory exercise perpetuates loss of fat-free mass since fat-free mass is an absolute
measurement and the trained older adults, across all included studies, generally had lower body
weights. Therefore, absolute measures of fat-free mass may not accurately represent the health
of these participants and relative measures are preferred to account for inter-individual
variability in body size.

As demonstrated in the included study by Aagaard et al. (1), resistance training may improve
the quality of life of older adults by increasing muscular strength (14). Despite these resistance-
trained older adults having similar levels of cardiorespiratory fitness to sedentary older adults,
they had a lower percent body fat. This implies the results of long-term resistance training can
favorably impact body composition despite a lack of crossover benefit to cardiorespiratory
fitness. However, endurance-trained older adults also had higher leg strength measured using
knee extension. This shows cardiorespiratory exercise that targets the lower body preserves or
increases knee extension maximal voluntary contraction in older age while also improving
cardiorespiratory fitness. Given the small number of studies in this review and meta-analyses,
further research is required the verify the above findings from long-term exercise participation
are generalizable to the general older adult population.

Limitations: There are notable limitations to this study that need to be considered when
interpreting the results. None of the included studies reported ethnicity and only 10.2% of the
participants are known to be female. Therefore, it is difficult to determine potential variation
regarding the benefits of long-term exercise on body composition for older females and diverse
ethnic populations. Exercise intensity was also underreported, impairing the ability to
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differentiate long-term exercise adaptations from activities that may be categorized differently
based on metabolic equivalents (e.g., walking and running). Finally, large heterogeneity was
found in the meta-analysis for the differences in VO,max (I = 95%), indicating variability in the
extracted data from included studies. This is a common limitation for small meta-analyses, such
as in the current review, and may not reflect the true heterogeneity of the data set (41).

Conclusions: Long-term exercise training variably suppresses age-related changes in
cardiorespiratory fitness and body composition. Both endurance- and resistance-trained older
adults had greater knee extensor strength and lower percent body fat while only endurance-
trained older adults showed greater cardiorespiratory fitness. Therefore, meeting ACSM’s
guidelines for minimum weekly training volume, with a combination of cardiorespiratory and
resistance exercise, is recommended to achieve the full health benefits of long-term exercise
participation in older age.
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