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Abstract

We investigated how nonpain-based exercise therapy intensity (light-to-moderate or vigorous) affects improvements
in walking performance and cardiorespiratory fitness of patients with symptomatic lower-extremity peripheral artery
disease (PAD). We searched the Embase, MEDLINE, Cochrane, Web of Science, and Google Scholar databases up to
April 2021 and included randomized controlled trials reporting training therapies targeting exercise intensity (heart rate,
oxygen consumption, or perceived exertion). The main outcomes were walking performance (pain-free [PFWD] and
maximal [MWD] walking distance) and cardiorespiratory fitness (VOZPeak). Secondary subanalyses examined the training
modality (walking or other modalities) and the approach (high-intensity interval or moderate-intensity training). A total
of 1132 patients were included. Light-to-moderate was superior to vigorous exercise intensity in improving MWD
(223 m [95% CI 174 to 271], p < 0.00001; 153 m [95% CI 113 to 193], p < 0.00001; respectively) and PFWD (130 m
[95% CI 87 to 173], p < 0.00001; 83 m [95% Cl 61 to 104], p < 0.00001; respectively). When training modalities were
considered, walking at a vigorous intensity (272 m [95% CI 207 to 337], p < 0.00001) showed the largest improvement
in MWD compared to other exercise modalities. A larger increase in \'/O2Peak was observed following vigorous (3.0 mL
O, kg™"*min™" [95% Cl 2.4 to 3.6], p < 0.00001) compared to light-to-moderate (I.I mL O,"kg™"min™' [95% CI 0.4
to 1.7], p = 0.001) exercise intensity. These results indicate that vigorous was less effective than light-to-moderate
intensity in improving walking performance, whereas it was more effective in improving VOZPeak. When the training
modalities were considered, walking at a vigorous intensity showed the greatest improvement in MWD. (PROSPERO
Registration No.: CRD42020199469)
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Introduction Patients with symptomatic PAD avoid exertion®’ and
tend to have muscle weakness, and altered gait and lower

Lower-extremity peripheral artery disease (PAD) affects ;.0 biomechanics.®'S This results in impaired walking

more than 200 million people worldwide.'? PAD is char-
acterized by atherosclerotic lumen narrowing or occlu-
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accelerated functional decline, and a
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performance,*!
diminished quality of life.
Supervised exercise training (SET) is considered among
first-line therapies for patients with symptomatic PAD,
combined with general cardiovascular risk management,
lifestyle adaptation, and pharmacological treatment.'->*10
The clinical benefits of SET for patients with PAD are well
established, with improved walking capacity and an
improved quality of life as the primary outcomes.*!¢-2227
Although without clear consistency,'® the guidelines give
recommendations in terms of claudication pain severity, SET
volume, duration, and frequency.!*?*3! However, no or little
guidance is offered as far as training intensity is concer
ned."#?831 Most of the previous studies on SET, in the con-
text of PAD, did not distinguish between symptom intensity
and common training intensity measures such as % of maxi-
mal heart rate (YoHR ), % of HR reserve (%HRR), % of peak
oxygen uptake (%Vozpeak), % of \./O2 reserve (%VOZR), or
the rate of perceived exertion (RPE).+1622-27:32
A meta-analysis by Parmenter et al.>* showed that vigor-
ous exercise training improved cardiorespiratory fitness
(VOzpeak) more than light-to-moderate exercise therapy
intensity in patients with PAD, but the changes in walking
performance in these patients were not investigated.?* High-
intensity interval training (HIIT) may be better than moder-
ate-intensity training (MIT) in improving cardiorespiratory
fitness and functional capacity in patients with cardiovascu-
lar and metabolic diseases,**~3” but, in patients with sympto-
matic PAD, the effects of such modalities on walking ability
and cardiorespiratory fitness remain to be determined.
Therefore, we performed a meta-analysis investigating the
role of exercise therapy intensity in improving walking per-
formance and cardiorespiratory fitness in symptomatic
patients with PAD. First, we investigated which exercise ther-
apy intensity (light-to-moderate or vigorous) was better for
improving walking performance (maximal [MWD], pain-free
[PFWD] walking distance), and cardiorespiratory fitness.
Second, we investigated the effects of different specific train-
ing approaches (HIIT vs MIT) on walking performance and
cardiorespiratory fitness. Third, we investigated the effects of
different training modalities (walking vs other forms of exer-
cise) associated with different exercise therapy intensities on
walking performance and cardiorespiratory fitness.

Methods

This review was registered with The International
Prospective Register of Systematic Reviews (PROSPERO)
on August 20, 2020 (Registration No. CRD42020199469)
and it follows the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement.®

Search strategy

Five electronic databases (Embase, MEDLINE Ovid SP,
Cochrane Central Register of Controlled Trials Wiley, Web
of Science (all databases), and Google Scholar) were
searched by a specialist librarian (CJ) from the earliest
record available until June 2020. Searches were rerun in the
bibliographic databases in April 2021, but no new relevant

studies were identified. Search terms were adapted to the
particulars of the databases. The different search strategies
are presented in the online supplementary material (Suppl
1). After excluding duplicates with EndNote X9 and
uploading the search results into Rayyan,* two authors
(MF and SL) independently screened all titles and abstracts
for possible inclusion, and, subsequently, full texts of any
potentially eligible articles were screened. Any disagree-
ment was settled by consensus with a third author (BK). In
addition, recent systematic analyses and the reference lists
of the qualifying articles were checked to find any research
missed by the database queries.

Inclusion criteria

Studies were included if they were randomized controlled
trials (RCTs) investigating cardiorespiratory exercise train-
ing programs longer than 4 weeks in patients with sympto-
matic PAD (Fontaine II/Rutherford stages 1-3). The control
group had to be provided with usual medical care, with or
without exercise advice. To be included, studies had to
clearly describe the exercise training modality and the inten-
sity prescribed on the basis of a targeted exercise intensity
according to common measures as defined by the American
College of Sports Medicine (ACSM)* (i.e., %HR__,
%HRR, %VO,, ., %VO,R,, or RPE). In addition, for those
studies prescribing exercise training based on % of maximal
workload obtained during a maximal treadmill test (%W ),
the classification of Hansen et al.** was used.

Vigorous exercise intensity was defined with the follow-
ing cutoffs*>4: %VO,R or %HRR: 60-89%; %HR__ :
77-95%; %VO,,..: 64-90%; RPE: 14-17; oW et 70—
99%. Moderate exercise intensity was defined with the fol-
lowing cutoffs*24%: %VO,R or %HRR: 40-59%; %HR __ :

64-76%; %V, : 46-63%; RPE: 12-13; %W, 50-

cak”
70%. Light exercise intensity was defined as below the
moderate cutoff points.3>4

A second classification was made for HIIT, moderate
intensity interval training (MIIT), and MIT. HIIT was
defined as an interval approach conducted with the follow-
ing criteria’”: %HR_, = 85%, % maximal exercise capac-
ity, VO, = 80%, or RPE = 15. MIIT was defined as an
interval approach with an exercise intensity lower than the
HIIT cutoffs. MIT was defined as a noninterval approach
based on claudication pain severity yielding an exercise
intensity lower than the HIIT cutoffs.

A third classification was made for different training
modalities (walking vs other forms of exercise) associated
with different exercise therapy intensities. Notably, the
walking modality includes treadmill walking and over-
ground walking with or without poles.

The included studies had to report one or more of the
following outcomes before and after the training interven-
tions: MWD and/or time, PEWD and/or time, assessed with
treadmill protocols (incremental or constant-load) or shut-
tle tests; and/or cardiorespiratory fitness (VOzpcak). Finally,
there was no exclusion based on aerobic exercise training
modality and duration; however, studies reporting interven-
tions other than aerobic training (such as resistance training
or electro-acupuncture) were excluded.
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Data extraction

The data were collected by two authors (MF and SL). The
following information was extracted for each study:
authors, year of publication, participant characteristics
(age, sex, and diagnosis), SET parameters (number of par-
ticipants, duration of the program, sessions per week, dura-
tion of the training sessions, claudication pain severity,
exercise therapy intensity, and mode of training), parame-
ters of the walking capacity test (type of protocol, grade,
and speed), and the results of the pre- and postintervention
for MWD, PFWD, and V02 peak- If any of this information
or other data necessary for statistical analysis were missing,
the study authors were contacted.

In the preparation of the statistical analysis, the follow-
ing data transformations were performed. In the study con-
ducted by Chehuen et al.,*! training was performed at the
HR corresponding to the onset of claudication pain. Since
only the absolute HR was reported in this study,*' we calcu-
lated the relative exercise intensity (%HR ) using the
theoretical HR _ formula: 211 — (0.64*age).** For studies
proposing a wide range of exercise intensities during SET,
we calculated the average to include it in a single category
(e.g., if a study set the walking intensity at grades between
50% and 80% of the maximal HR, we considered it an
intensity of 65%).4%5 For RCTs comparing multiple
groups (e.g., walking, cycling, and control), only those
reporting exercise intensity were taken into consideration.
In cases of the inclusion of multiple study groups within the
same study, each single group was compared to an evenly
divided control group according to the Cochrane guide-
lines.*® When walking performance was reported over time,
it was transformed to walking distance in meters.

For the meta-analysis, individual group sample size,
mean difference (MD), SD, or 95% CI of the change scores
were extracted from each study. The included studies
reported changes from baseline score or postintervention
scores, and sometimes the SD of one or the other was miss-
ing. Consequently, to avoid imputation, we decided, in line
with the Cochrane guidelines,*® to combine these values in
the meta-analysis (change and postintervention scores).
Since studies recording change scores generally have
smaller SDs and, as a result, higher weights, these two dif-
ferent scores were then separated in the analysis. Where
postintervention score studies presented a clinical differ-
ence between the control group and the intervention group
at baseline, the variance was measured on the basis of the
SD of the MD, in line with the Cochrane guidelines.*® This
was done because the postintervention score comparison
method assumes that random allocation of participants cre-
ates intervention groups matched at baseline for age and
disease severity. In the latter case, the MD was calculated
for the outcome measures by subtracting the baseline from
the postintervention values, and the SD was calculated
depending on the situation.

Whenever statistical analyses comparing the changes were
presented (e.g., CI, standard errors, f-values, p-values,
F-values), calculations were possible simply by entering the
data into the Cochrane calculator; otherwise, the technique
for imputing missing SDs for changes from baseline described
in the Cochrane guidelines was used.>® When studies reported

the median and standard error range or IQR, the estimated
mean and SD were calculated using Wan et al.’s formulas.>’

Assessment of the risk of bias

Studies included in the analysis were independently
assessed by two reviewers (MF and SL) using the checklist
described in the Cochrane Handbook for Systematic
Reviews of Interventions to determine their methodological
quality.® This tool contains seven domains: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, and
other biases. Each category was assessed as having a low,
unclear, or high risk of bias, and this allowed for rapid iden-
tification of the internal validity.

Statistical analysis

Rayyan software was used to prepare the data from the
included studies.*® Review Manager software (RevMan, ver-
sion 5.4)*° was used for statistical analysis. Continuous data
are reported as the mean * SD, and p < 0.05 was considered
significant. The data were pooled using a random-effects
model considering heterogeneity, and effect sizes for continu-
ous variables were calculated. An overall forest plot was con-
structed, including all studies for each outcome. Statistical
heterogeneity was tested using the O-test and £ statistics, and
was considered significant at p < 0.01. Heterogeneity was
considered minimal if the /> was between 0 and 30%, moder-
ate if between 30% and 50%, substantial if between 50% and
90%, and considerable if > 90%. Publication bias was ana-
lyzed using a funnel plot derived in RevMan when > 10 stud-
ies were available.” Sensitivity analysis for the individual
study effects was conducted by removing each study one at a
time to assess whether the absence of a particular study sig-
nificantly changed the results.

Results
Included trials and patient characteristics

The search identified 3463 studies. Of these, 3262 were
removed after screening the titles and abstracts. Of the
remaining 201 articles, 181 did not meet the inclusion
criteria (Suppl 2). One study® was excluded since it did
not include the walking performance protocol assess-
ment. A total of 19 studies were included in the quantita-
tive analysis*»#3-53:61-65 (Suppl 2 and 3).

The total number of included patients was 1132 allo-
cated to 26 intervention groups (exercise therapy: n = 719;
control: n = 413). The control group usually received
standard care, and was in some studies, informed on the
benefits of an active lifestyle (Suppl 3). There were some
exceptions: one study compared exercise with vitamin E
supplementation,* and two studies performed stretching
classes*'%? with the control group. The average age of the
patients was 65.7 = 2.6 years, and the average ankle—bra-
chial index (ABI) was 0.67 = 0.06 (not all of the studies
specified how the ABI was measured, leading to a mix of
lowest resting values, most symptomatic limb values, and
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mean values between both legs). The sex of the patients
was unsystematically reported; on average, in studies
reporting sex, 74 = 15% were men.

Training protocols varied widely among the studies and
included different modes of exercise (treadmill walking,
overground walking, pole striding, aquatic walking,
cycling, arm- and leg-ergometer, plantar-flexion ergome-
ter). Session frequency, duration, and program length var-
ied among the studies, with a mean of 2.6 = 0.7 sessions
per week, 43 = 14 min of training per session, and 12.7 *
5.8 weeks of program duration (Suppl 3).

Most studies specified supervision during exercise train-
ing sessions, except for Cucato et al.,*> where it was not
explicit but could be assumed; for Brenner et al.,*' in which
participants were instructed to train at home by measuring
their HR and monitoring their exercise intensity; and for
Sandercock et al.,* in which the participants performed a
home-based intervention and were instructed to undertake
three weekly 30-min walking sessions at an RPE of 12-14.
The majority of studies assessed walking performance with
treadmill protocols (incremental or inclined constant-load);
Zwierska et al.>> and Walker et al.>® used the shuttle walk test.

Effects of the interventions

Vigorous vs light-to-moderate exercise
intensity

Maximal walking distance. Data on MWD were available
from 24 intervention groups with a total sample size of 1044
participants with PAD (Figure 1 and Suppl 4). Exercise

therapy improved MWD by 178 m (95% CI 142 to 214; p <
0.00001) compared to the control. Heterogeneity among the
studies was substantial (P = 65%, p < 0.00001). A larger
increase in MWD was observed following light-to-moderate
(223 m; 95% CI 174 to 271; p < 0.00001, 7 = 22%) com-
pared to vigorous (153 m; 95% CI 113 to 193; p < 0.00001,
P = 62%) exercise therapy intensity (Figure 1).

Pain-free walking distance. Data on PFWD were available
from 19 study groups with a total sample size of 895 par-
ticipants (Figure 2 and Suppl 5). An overall improvement
of 103 m was observed (95% CI 81 to 125; p < 0.00001)
compared to the controls (Figure 2). There was moderate
heterogeneity with a random-effects model (* = 37%, p =
0.05). PEWD improved more with a light-to-moderate (130
m; 95% CI 87 to 173; p < 0.00001, 7 = 59%) compared to
a vigorous (83 m; 95% CI 61 to 104; p < 0.00001, 7 = 0%)
exercise therapy intensity (Figure 2).

Cardiorespiratory fitness ( VOzpeak). Data for the VOzpeak were
available from 15 intervention groups with a total sample
size of 665 participants (Figure 3). The mean baseline value
was 15.7 £ 2.8 mL O,’kg "'min"'. An overall improvement
of 2.1 mL O, kg "min" (95% CI 1.3 to 2.8; p < 0.00001)
was observed compared to the control group. There was
substantial heterogeneity (> = 68%, p < 0.0001) in the
random-effects model. A larger increase in \./O2peak was
observed following a vigorous (3.0 mL O, kg "'min"'; 95%
CI2.4t03.6; p < 0.00001, 2 = 29%) compared to a light-
to-moderate (1.1 mL O,'kg "'min™'; 95% CI 0.4 to 1.7, p =
0.001, 2 = 0%) exercise therapy intensity (Figure 3).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% CI v, 95% ClI
1.2.1 Vigorous intensity
Bronas 2011 (arm-ergometer) * 181.1 127 10 46.3 92.5 8 5.0% 134.80 [33.29, 236.31]
Collins 2005 ** 829.5 255 25 520.8 211.8 24 3.9% 308.70[177.66, 439.74]
Cucato 2013 © 316 141 13 -57 174.78 12 4.1% 373.00 [247.88, 498.12]
Sandercock 2007 (supervised) *° 649.1 338 13 380.9 380.9 15 1.5% 268.20 [1.90, 534.50]
Sanderson 2006 (cycling) *° 36 94.8 15 -7.5 103.91 7 5.4% 43.50 [-47.20, 134.20] i
Sanderson 2006 (walking) *° 180 150 13 -7.5 103.91 7 4.6% 187.50 [75.37, 299.63]
Treat-Jacobson 2009 (arm-ergometer) *2 182.1 126.7 10 45.3 92.7 3 3.9% 136.80 [5.76, 267.84]
Treat-Jacobson 2009 (combination) 52 217.2 72.7 12 45.3 92.7 3 4.5% 171.90 [59.23, 284.57]
Treat-Jacobson 2009 (treadmill) *? 2947 163.5 11 453 92.7 3 3.6% 249.40[106.78, 392.02]
Walker 2000 (arm-ergometer) 53 391.67 85.19 24 273.33 108.89 8 5.7% 118.34 [35.54, 201.14] —_—
Walker 2000 (leg-ergometer) 3 318.67 48.15 24 273.33 108.89 8 6.0% 45.34 [-32.54, 123.22] T
Wang 2008 ©° 1,099.56 207.11 14 920 335.1 11 1.9% 179.56 [-46.24, 405.36] T
Wood 2006 ** 218.25 246.12 7 53.25 387.63 6 0.9% 165.00 [-194.78, 524.78]
Zwierska 2005 (arm-ergometer) ** 94.72 71.26 34 -12.81 46.99 17  7.8%  107.53[74.78, 140.28] -
Zwierska 2005 (leg-ergometer) ** 113.89 91.8 37 -12.81 46.99 17 7.6% 126.70 [89.63, 163.77] -
Subtotal (95% CI) 262 149 66.3% 152.88[113.01, 192.74] <&
Heterogeneity: Tau? = 2930.74; Chi? = 37.04, df = 14 (P = 0.0007); I> = 62%
Test for overall effect: Z = 7.52 (P < 0.00001)
1.2.3 Light-to-moderate
Brenner 2019 ©* 488.5 209.5 18 278.1 176.7 15 3.9% 210.40 [78.63, 342.17]
Chehuen 2017 ** 941 334 22 678 275 20 2.6% 263.00 [78.60, 447.40]
Collins 2003 ** 862.3 306.9 11 535.1 207.5 10 2.0% 327.20[104.87, 549.53]
Gardner 2011 (supervised) 192.2 185.07 33 -8.88 157.4 30 5.7% 201.08 [116.47, 285.69] i
Gardner 2012 ¢ 666.98 265.54 106 398.76 275.37 36 4.9% 268.22 [165.04, 371.40] A
Nicolai 2010 *7 437.33 487.41 169 136.67 222.22 83 5.5% 300.66 [212.99, 388.33] s —
Novakovic 2019 (moderate) * 235.33 195.56 10 147.33 108.15 4 3.1% 88.00 [-73.01, 249.01] —
Novakovic 2019 (pain-free) ** 359.33 492.59 11 147.33 108.15 4 1.1% 212.00 [-97.79, 521.79]
Tew 2009 ** 165 194.62 27 26 181.87 24 4.9% 139.00 [35.64, 242.36] e
Subtotal (95% CI) 407 226 33.7% 222.53[174.49, 270.57] L 2
Heterogeneity: Tau? = 1166.51; Chi? = 10.31, df = 8 (P = 0.24); I? = 22%
Test for overall effect: Z = 9.08 (P < 0.00001)
Total (95% CI) 669 375 100.0% 177.94 [142.29, 213.60] &
Heterogeneity: Tau? = 3981.04; Chi? = 65.06, df = 23 (P < 0.00001); I* = 65% _5:00 _2:50 ) 2;0 5(:)0
Test for overall effect: Z = 9.78 (P < 0.00001) :
Test for subgroup differences: Chi? = 4.78, df = 1 (P = 0.03), I> = 79.1% Favors [control] Favors [experimental]

Figure |. Maximal walking distance (m) following vigorous and light-to-moderate exercise intensity.

1V, inverse variance; SD, standard deviation of change.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, 95% CI 1V, d 95% CI
2.2.1 Vigorous intensity
Bronas 2011 (arm-ergometer) ** 89.6 74 10 7.3 43.8 8 8.0% 82.30[27.30, 137.30]
Cucato 2013 413 201 13 253 118 12 2.5% 160.00 [31.95, 288.05]
Sanderson 2006 (cycling) *° -6 138.06 15 41.25 203.51 7 1.6% -47.25[-213.41, 118.91] —
Sanderson 2006 (walking) *° 455.25 276.75 13 3345 3315 7 0.6% 120.75 [-167.24, 408.74]
Treat-Jacobson 2009 (arm-ergometer) *2 89.6 74 10 4 454 3 6.3% 85.60 [16.73, 154.47] —_—
Treat-Jacobson 2009 (combination) 52 61.94 109.94 12 4 45.4 3 5.1% 57.94 [-22.74, 138.62] T
Treat-Jacobson 2009 (treadmill) 52 91.6 148.4 11 4 45.4 3 3.7% 87.60 [-14.04, 189.24] b
Walker 2000 (arm-ergometer) ** 266.67 120.74 24 14833 71.11 8 6.3% 118.34 [49.34, 187.34] e —
Walker 2000 (leg-ergometer) ** 250.33 89.63 24 148.33 71.11 8 7.2% 102.00 [41.06, 162.94] _——
Wood 2006 ** 456 301.5 7 296.25 156 6 0.7% 159.75[-96.11, 415.61]
Zwierska 2005 (arm-ergometer) *° 44.41 68.53 34 -20 95.17 17 8.6% 64.41 [13.64, 115.18] —_—
Zwierska 2005 (leg-ergometer) *° 52.37 69.41 37 -20 95.17 17 8.7% 72.37 [21.90, 122.84] —
Subtotal (95% CI) 210 99 59.3% 82.85 [61.41, 104.28] L 2
Heterogeneity: Tau? = 0.00; Chi? = 6.61, df = 11 (P = 0.83); I> = 0%
Test for overall effect: Z = 7.58 (P < 0.00001)
2.2.3 Light-to-moderate
Chehuen 2017 ** 94 120.04 22 -31 92.92 20 6.8% 125.00 [60.39, 189.61] -
Gardner 2011 (supervised) 147.52 154.67 33 -14.3 111.76 30 6.6% 161.82 [95.61, 228.03] e —
Gardner 2012 % 367.46 207.43 106 194.9 142.16 36 7.2% 172.56[111.60, 233.52] e —
Nicolai 2010 */ 334.33 331.11 169 136.67 229.63 83 6.1% 197.66 [127.43, 267.89] .
Novakovic 2019 (moderate) ®* 78.67 67.91 12 7.33 45.26 6 8.3% 71.34 [18.54, 124.14]) —_—
Novakovic 2019 (pain-free) ¢ 222 244.44 12 97 72.59 6 1.9% 125.00 [-25.00, 275.00] I
Tew 2009 ** 225 167 27 192 195 24 3.8% 33.00 [-67.27, 133.27] R e —
Subtotal (95% CI) 381 205 40.7% 130.21 [86.99, 173.42] o
Heterogeneity: Tau? = 1900.53; Chi? = 14.69, df = 6 (P = 0.02); I> = 59%
Test for overall effect: Z = 5.91 (P < 0.00001)
Total (95% CI) 591 304 100.0% 103.13 [80.78, 125.48] L 2
Heterogeneity: Tau? = 837.94; Chi? = 28.78, df = 18 (P = 0.05); I> = 37% —2:00 _1400 ) 1(1)0 260
Test for overall effec_t: Z=9.04 (P_z< 0.00001) , Favors [control] Favors [experimental]
Test for subgroup differences: Chi? = 3.70, df = 1 (P = 0.05), I = 73.0%

Figure 2. Pain-free walking distance (m) following vigorous and light-to-moderate exercise intensity.
1V, inverse variance; SD: standard deviation of change.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
3.2.1 Vigorous intensity
Bronas 2011 (arm-ergometer) ** 1.47 1.9 10 -0.38 2 8 7.1% 1.85 [0.03, 3.67]
Collins 2005 ** 19.5 4.6 25 156 3.5 24 5.6% 3.90 [1.62, 6.18]
Park 2019 “® 24 09 35 -14 3.1 37  10.1% 3.80 [2.76, 4.84] —
Sandercock 2007 (supervised) *° 13.7 4.2 13 143 5.1 8 2.4% -0.60[-4.81, 3.61]
Sanderson 2006 (cycling) *° 1.4 2.93 15 -0.2 3.1 7 4.5%  1.60[-1.13, 4.33] —_—T
Sanderson 2006 (walking) *° 0.6 2.73 13 -0.2 3.1 7 4.5%  0.80[-1.93, 3.53] R
Wang 2008 ©° 25.8 3.8 14 223 5 11 3.1% 3.50[-0.06, 7.06] L —
Wood 2006 ** 1.4 2.69 7 0.4 3.99 6 2.9% 1.00 [-2.76, 4.76]
Zwierska 2005 (arm-ergometer) *°  16.21 2.29 34 12.77 1.07 17 10.5% 3.44 [2.52, 4.36] —_—
Zwierska 2005 (leg-ergometer) *° 2.49 1.28 37 -0.63 0.81 17 11.8% 3.12 [2.56, 3.68] —
Subtotal (95% CI) 203 142 62.6% 2.97 [2.37,3.57] <o
Heterogeneity: Tau? = 0.22; Chi? = 12.63, df = 9 (P = 0.18); I> = 29%
Test for overall effect: Z = 9.72 (P < 0.00001)
3.2.3 Light-to-moderate
Chehuen 2017 ** 0.1 2.53 22 -0.3 2.89 19 7.6%  0.40[-1.28, 2.08] S R —
Gardner 2011 (supervised) 03 1.9 33 -09 19 30 10.5% 1.20 [0.26, 2.14] —_—
Gardner 2012 ¢ 154 3.6 106 145 3.8 36 8.6%  0.90[-0.52, 2.32]
Sandercock 2007 (home-based) *° 13.7 4.1 15 143 5.1 8 2.5% -0.60[-4.70, 3.50]
Tew 2009 ** 1 2.04 27 -0.6 3.17 24 8.3% 1.60 [0.12, 3.08] P
Subtotal (95% CI) 203 117 37.4% 1.06 [0.42, 1.69] <o
Heterogeneity: Tau? = 0.00; Chi? = 1.87, df = 4 (P = 0.76); I = 0%
Test for overall effect: Z = 3.27 (P = 0.001)
Total (95% CI) 406 259 100.0% 2.05 [1.32, 2.77] <o
Heterogeneity: Tau? = 1.08; Chi? = 43.32, df = 14 (P < 0.0001); I* = 68% _?4 _12 ) 2? ‘!1
Test for overall effect: Z = 5.53 (P < 0.00001) )
Test for subgroup differences: Chi? = 18.57, df = 1 (P < 0.0001), I> = 94.6% Favors [control] Favors [experimental]

Figure 3. Cardiorespiratory fitness (VOZPeak, mL O, kg™"-min™") following vigorous and light-to-moderate exercise intensity.
1V, inverse variance; SD, standard deviation of change.

High- vs moderate-intensity interval training
(HIIT vs MIIT) vs moderate-intensity
training (MIT)

Maximal walking distance. Data on MWD were available
from 23 intervention groups with a total sample size
of 1016 participants (Suppl 6). An overall improvement
of 177 m (95% CI 141 to 213; p < 0.00001) was obser-
ved compared to the control. There was substantial het-
erogeneity in the random-effects model (2 = 66%, p <

0.00001). A larger increase in MWD was observed fol-
lowing MIT (235 m; 95% CI 188 to 281; p < 0.00001, I
= 9%) compared to HIIT (149 m; 95% CI 88 to 210; p =
0.00001, 7 = 76%) and MIIT (159 m; 95% CI 106 to 212;
p < 0.00001, 2 = 48%).

Pain-free walking distance. Data on PFWD were available
from 19 intervention groups with a total sample size of 895
participants (Suppl 7). An overall improvement of 103 m
(95% CI 81 to 125; p < 0.00001) was observed compared
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, d 95% CI v, 95% ClI
1.5.1 walking (Vigorous)
Collins 2005 ** 829.5 255 25 520.8 211.8 24 4.1% 308.70 [177.66, 439.74]
Cucato 2013 ¢ 316 141 13 -57 174.78 12 4.3% 373.00[247.88, 498.12]
Sandercock 2007 (supervised) *° 649.1 338 13 380.9 380.9 8 1.2% 268.20 [-53.40, 589.80] ]
Sanderson 2006 (walking) *° 180 150 13 -7.5 103.91 7 4.8% 187.50 [75.37, 299.63]
Treat-Jacobson 2009 (treadmill) *? 294.7 163.5 11 45.3 92.7 3 3.8% 249.40 [106.78, 392.02]
Wood 2006 ** 218.25 246.12 7 53.25 387.63 6 0.9% 165.00 [-194.78, 524.78]
Subtotal (95% CI) 82 60 19.2% 271.90 [207.19, 336.62] R
Heterogeneity: Tau? = 531.05; Chi? = 5.42, df = 5 (P = 0.37); I> = 8%
Test for overall effect: Z = 8.23 (P < 0.00001)
1.5.2 Cycling and others (Vigorous)
Bronas 2011 (arm-ergometer) ** 181.1 127 10 46.3 92.5 8 5.2% 134.80 [33.29, 236.31] —_—
Sanderson 2006 (cycling) *° 36 94.8 15 -7.5 103.91 7 5.7% 43.50 [-47.20, 134.20] T
Treat-Jacobson 2009 (arm-ergometer) 52 182.1 126.7 10 45.3 92.7 3 4.1% 136.80 [5.76, 267.84]
Walker 2000 (arm-ergometer) ** 391.67 85.19 24 273.33 108.89 8 6.0% 118.34 [35.54, 201.14] -
Walker 2000 (leg-ergometer) ** 318.67 48.15 24 273.33 108.89 8 6.2% 45.34 [-32.54, 123.22] T
Wang 2008 ©° 1,099.56 207.11 14 920 335.1 11 2.1% 179.56 [-46.24, 405.36] T
Zwierska 2005 (arm-ergometer) ° 94.72 71.26 34 -12.81 46.99 17 8.0% 107.53 [74.78, 140.28] =
Zwierska 2005 (leg-ergometer) *° 113.89 91.8 37 -12.81 46.99 17  7.9% 126.70 [89.63, 163.77] —_
Subtotal (95% CI) 168 79 45.3% 108.97 [87.97, 129.97] ¢
Heterogeneity: Tau? = 0.00; Chi® = 6.30, df = 7 (P = 0.51); I* = 0%
Test for overall effect: Z = 10.17 (P < 0.00001)
153 (Light-t d
Brenner 2019 ©* 488.5 209.5 18 278.1 176.7 15 4.1% 210.40 [78.63, 342.17]
Chehuen 2017 ** 941 334 22 678 275 20 2.8% 263.00 [78.60, 447.40]
Collins 2003 ** 862.3 306.9 11 535.1 207.5 10 2.1% 327.20[104.87, 549.53]
Gardner 2011 (supervised) 192.2 185.07 33 -8.88 157.4 30 5.9% 201.08 [116.47, 285.69] =
Gardner 2012 *¢ 666.98 265.54 106 398.76 275.37 36 5.2% 268.22[165.04, 371.40] I
Nicolai 2010 *7 437.33 487.41 169 136.67 222.22 83 5.8% 300.66 [212.99, 388.33] I
Novakovic 2019 (moderate) ** 235.33 195.56 10 147.33 108.15 4 3.3% 88.00 [-73.01, 249.01] —
Novakovic 2019 (pain-free) * 359.33 492.59 11 147.33 108.15 4 1.2% 212.00 [-97.79, 521.79] —
Subtotal (95% CI) 380 202 30.4% 239.11[194.05, 284.16] L 2
Heterogeneity: Tau? = 147.19; Chi? = 7.24, df = 7 (P = 0.40); I* = 3%
Test for overall effect: Z = 10.40 (P < 0.00001)
1.5.4 Cycling and others (Light-to-moderate)
Tew 2009 ** 165 194.62 27 26 181.87 24 5.2% 139.00 [35.64, 242.36] —_—
Subtotal (95% CI) 27 24 5.2%  139.00 [35.64, 242.36] -
Heterogeneity: Not applicable
Test for overall effect: Z = 2.64 (P = 0.008)
Total (95% Cl) 657 365 100.0% 178.23[141.13,215.33] L 2
Heterogeneity: Tau? = 4174.35; Chi? = 64.59, df = 22 (P < 0.00001); I* = 66% _5100 _2150 ) zéo 560
Test for overall effest: Z=9.42 (P.< 0.00001) Favors [control] Favors [experimental]
Test for subgroup differences: Chi? = 42.81, df = 3 (P < 0.00001), I* = 93.0%

Figure 4. Maximal walking distance (m) following vigorous and light-to-moderate exercise intensity in different training modalities

(walking vs others).
1V, inverse variance; SD, standard deviation of change.

to the control. There was moderate heterogeneity (» =
37%, p = 0.05). A larger increase in PEWD was observed
following MIT (138 m; 95% CI 92 to 185; p < 0.00001, I
= 57%) compared to HIIT (72 m; 95% CI 39 to 105;
p <0.0001, 2 = 0%) and MIIT (92 m; 95% CI 67 to 118;
p <0.00001, 2 = 0%).

Cardiorespiratory fitness ( VOZPeak). Data for \'/O2peak were
available from 13 intervention groups with a total sample
size of 600 participants (Suppl 8). An overall improvement
of 2.0 mL O, kg ""min"' (95% CI 1.3 to 2.7; p < 0.00001)
was observed compared to the control. There was substantial
heterogeneity in the random-effects model (7 = 65%, p =
0.0007). A larger increase in \'/O2peak was observed following
HIIT (2.9 mL O, kg "'min"'; 95% CI 2.2 to 3.6; p < 0.00001,
I* = 28%) compared to MIT (1.2 mL O, kg "'min"'; 95% CI
0.5 to 1.9; p = 0.0006, 7 = 0%) and MIIT (1.9 mL
O,kg 'min"'; 95% CI 0.8 to 3.1; p = 0.001, * = 42%).

Training modalities and exercise intensities
(walking vs other forms of training)

Maximal walking distance. Data on MWD were available
from 23 intervention groups with a total sample size of
1022 participants (Figure 4). A larger increase in MWD
was observed following walking training at vigorous (272

m; 95% CI1 207 to 337; p < 0.00001, 7 = 8%) compared to
light-to-moderate (239 m; 95% CI 194 to 284; p < 0.00001,
P = 3%) exercise therapy intensity. A single study group®'
was available for cycling and other training modalities per-
formed at a moderate intensity. There was substantial het-
erogeneity (> = 66%, p < 0.00001) in the random-effects
model.

Pain-free walking distance. Data on PFWD were available
from 14 intervention groups with a total sample size of 771
participants (Suppl 9). A larger increase in PFWD was
observed following walking training at light-to-moderate
(142 m; 95% CI 100 to 183; p < 0.00001, 7 = 54%) com-
pared to vigorous (97 m; 95% CI 3 to 192; p = 0.04, ? =
0%) exercise training. Only two study groups®>** were
available for walking performed at a vigorous intensity. A
single study group® was included for cycling and other
training modalities performed at a moderate intensity.
There was substantial heterogeneity (72 = 51%, p = 0.01)
in the random-effects model.

Cardiorespiratory fitness ( VOZPeak). Data for VOzpeak were
available from 15 intervention groups with a total sample
size of 665 participants (Suppl 10). An overall improve-
ment of 2.1 mL O,kg "'min"" (95% CI 1.3 to 2.8; p <
0.00001, > = 68%) was observed compared to
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Figure 5. Review of authors’ judgements about each risk of bias item presented as percentages across all included studies.
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the control. A larger increase in \./O2peak was observed
following cycling and other training modalities with vig-
orous training (3.1 mL O, kg ""min"'; 95% CI 2.7 to 3.6;
p < 0.00001, > = 0%). The greatest benefits from light-
to-moderate intensity were seen for cycling and other
training modalities (1.6 mL O, kg ''min"'; 95% CI 0.1 to
3.1; p = 0.03), but only a single study reported on these
interventions.>!

Risk of bias

A summary of bias present within each included study is
presented in Figures 5 and 6. Overall, the risk of bias of the
included trials was modest, with the major limitations
being the blinding of the outcome assessment and some
concerns about the concealment of randomization and ran-
dom sequence generation. Blinding of the participants was
removed from the analysis of quality, as the nature of the
exercise interventions does not allow for blinding. Three
trials*!*"* were judged to have a low risk of blinding of
outcome assessment because the study personnel who
administered the treadmill tests were blinded to the previ-
ous outcomes and the participants’ group assignment.

Discussion

The results of our analyses show that (1) few studies
clearly report exercise therapy intensity in symptomatic
patients with PAD using conventional % heart rate, %
peak oxygen uptake, or the rate of perceived exertion cut-
offs; (2) for the 19 included studies doing so, light-to-
moderate was superior to vigorous exercise intensity in
improving PFWD and MWD; (3) when training modali-
ties were considered, walking at vigorous intensity
showed the greatest improvement in MWD, while walk-

L JK

Wood 2006 ** | (2

ing at light-to-moderate intensity showed the greatest

Zwierska 2005 *°

improvement in PFWD; (4) vigorous was superior to

light-to-moderate exercise intensity in improving cardi-

Figure 6. Review of authors’ judgements about each risk of

bias item for each included study.

+: indicates low risk of bias; -: indicates high risk of bias; ?: indicates

unclear risk of bias.

orespiratory fitness; and (5) when training modalities
were considered, cycling and other nonwalking forms of
training performed at vigorous intensity elicited the

greatest improvements in VOzpcak.



Fassora et al.

165

Over the past 50 years, many studies have reported the
beneficial effects of SET on walking performance in patients
with symptomatic PAD. A recent meta-analysis showed that
SET (including different exercise modalities) improves
PFWD (82 m; 95% CI 72 to 92) and MWD (120 m; 95% CI
51 to 190) in patients with symptomatic PAD.?? Another
meta-analysis by Fakhry et al.®® showed slightly better
improvements (PFWD: 128 m [95% CI 92 to 165]; MWD:
180 m [95% CI 130 to 238]) following supervised walking
exercise. Treadmill or overground (track) walking, common
training modalities in patients with claudication, have been
investigated the most.»1%?224%7 The majority of trials used
claudication pain severity to provide guidance during the
training sessions.'*!16283167 Patients are usually instructed
to walk at a speed that induces the onset of claudication pain
within 3—5 min and moderate-to-severe claudication pain
within 8-10 min.»'%%7 Then, the patients are instructed to
rest for 2-5 min (until pain resolution) before resuming
walking »1%¢7 This cycle is repeated over 30-60 min,
depending on the patient’s exercise and pain tolerance.

Whether training therapy should be performed at pain-
free, mild, or moderate-to-severe claudication in patients
with symptomatic PAD remains a matter of debate.*!¢7
Although many studies have suggested that exercise ther-
apy should be performed at moderate-to-severe claudica-
tion pain to produce better results,?>?% others have
reported that improvements in walking performance may
be obtained with less severe claudication pain during exer-
tion.?® McDermott et al.%® recently showed in patients with
PAD that 12-month home-based unsupervised exercise
therapy performed at moderate-to-severe ischemic leg
symptoms (the high-intensity pain walking group) was
more effective than exercise therapy performed without
ischemic leg symptoms (the low-intensity pain walking
group) for improving their 6-minute walking distance, even
though the high-intensity pain walking group walked 50%
less. Claudication pain severity during exercise interven-
tions may thus be a key factor for walking improvement in
patients with PAD. However, lower completion and adher-
ence rates in ‘high-pain’ exercise therapy programs have
been observed, suggesting the need for alternative training
modalities in this population.®’

Today’s guidelines give recommendations in terms of
claudication pain severity, SET volume, duration, and fre-
quency, but little or no guidance is offered as far as training
intensity is concerned.'*?¥3! The novelty of the present
meta-analysis is that improvements in walking capacity and
cardiorespiratory fitness following exercise therapy were
assessed as a function of the generally recognized relative
therapy intensity cutoffs (based on the heart rate, peak oxy-
gen uptake or the rate of perceived exertion) and different
protocols of exercise intervention in patients with sympto-
matic PAD. Using our selection criteria, only 19 studies
could be included in our meta-analysis, suggesting that the
investigation of exercise intensity (which was not only
based on claudication pain severity) is understudied during
exercise therapy in patients with PAD.

Compared to previous meta-analyses, our findings on
walking performance yielded similar results, somewhat
higher than some?>?* and lower than others.?”’° The first

major result of the present meta-analysis was that the
degree of improvement in walking performance varied
according to the training exercise intensity. Our quantita-
tive meta-analysis revealed that vigorous was less effective
than light-to-moderate exercise training intensity in
improving walking performance. The difference between
vigorous and light-to-moderate exercise training was ~70
m for MWD and ~47 m for PFWD in favor of light-to-
moderate intensity. Furthermore, similar results were
observed when the training protocol was considered, and
the difference between HIIT and MIT was ~86 m for MWD
and ~66 m for PFWD in favor of MIT. The second major
result of the present meta-analysis was that when the mode
of training was considered, walking (including other forms
such as pole striding) at vigorous intensity was better for
improving MWD compared to cycling and other nonwalk-
ing forms of training. The difference was ~163 m for MWD
in favor of walking training. Our results also showed
(although with few studies included) that greater improve-
ments in PFWD were observed following walking at light-
to-moderate intensity compared to cycling and other
nonwalking forms of training. The difference was ~109 m
for PFWD in favor of walking training.

These results contrast with those of Gardner et al.,”! who
reported that walking exercise intensity (40% vs 80% of
maximal workload) was not related to PFWD and MWD
improvement in patients with PAD. Our results are in line
with those of Slerdahl et al.”> comparing the effects of dif-
ferent walking exercise training intensities (60% vs 80% of
the Vozpeak) in patients with symptomatic PAD. The results
of that study’> showed a better outcome for treadmill time-
to-exhaustion following HIIT compared to low-intensity
exercise training, even if the work economy improved sim-
ilarly in both groups following exercise therapy.

It is now well accepted that nonwalking training modali-
ties (such as arm ergometer, resistance training, cycling) are
effective for improving walking performance in patients
with PAD.?>2673 Although others have reported no clear dif-
ference between training modalities for improving walking
performance,” our results indicate that walking training
elicits a greater improvement in walking performance
(PFWD and MWD) compared to other forms of training. In
addition, our results show that both low-to-moderate and
vigorous walking exercise intensity resulted in greater
improvement in walking performance compared to other
forms of training performed at the same exercise intensity.
Alternative exercise modalities are also beneficial but to a
lesser extent. Although not yet completely elucidated,*!'*” a
possible explanation may reside in the importance of the
presence of ischemic leg pain during exertion for inducing
greater walking adaptations. Nonwalking training alterna-
tives may induce lower or no ischemic leg pain compared to
walking among patients with PAD. On the other hand, in the
included studies in the present meta-analysis, most of the
walking training programs were performed under pain (from
mild to maximal) conditions (Suppl 3). These findings sug-
gest that walking at any exercise intensity (low-to-moderate
or vigorous), which elicits claudication leg pain during exer-
tion, should be considered the primary exercise modality for
improving walking abilities in patients with PAD. This is
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Figure 7. Summary findings of the meta-analysis. This figure shows how nonpain-based exercise therapy intensity (light-to-moderate or
vigorous) affects improvements in walking performance (pain-free and maximal walking distance) and cardiorespiratory fitness of patients
with symptomatic lower-extremity PAD. The thickness of the arrows illustrates the strength of the effect, based on the results of the
quantitative meta-analysis as reported in Figure 4, Suppl 9, and Suppl 10. The exercise therapy intensity and modality that improved each
outcome to a greatest extent was reported as ‘strong influence’. The others were reported as ‘small influence’ or ‘supposed influence’.
The latter was used when the quantitative meta-analysis was based on two or fewer studies. Overall, our results suggest that both
exercise therapy intensity and modality should be considered for a personalized approach, depending on the patient’s current limitations
and functional capacity and, in general, the goals of exercise therapy in patients with PAD.

PAD, peripheral artery disease.

consistent with current international guidelines that recom-
mend walking training in the management of intermittent
claudication.!*162831.67 Other nonwalking training modali-
ties should be proposed as an effective alternative in patients
who are unable to perform walking sessions, !41628-31.67
Cardiorespiratory fitness, quantified as VO, . or
MET, (i.e., maximal metabolic rate over that at rest) is a
major predictor of all-cause mortality.”*”> We found that

vigorous-type exercise therapy was superior to moderate

exercise therapy in increasing cardiorespiratory fitness.
There is growing evidence that HIIT may be better than
MIT in improving cardiorespiratory fitness, including
patients with cardiovascular and metabolic diseases. 377677
In patients with symptomatic PAD, the differing effects of
HIIT and MIT need to be more fully investigated. A meta-
analysis by Parmenter et al.>* showed an overall greater
improvement in VOzpeak following vigorous compared to
low-to-moderate exercise intensity. A systematic review
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conducted by Pymer et al.”® showed the potential role of
HIIT in improving cardiorespiratory fitness in patients with
PAD. The results of our meta-analysis agree with these
findings.?*"® We found a difference of~1.9mL O, kg 'min""
in favor of vigorous intensity training. In symptomatic
patients with PAD, functional performance (i.e., walking)
and its impact on their quality of life are of prime impor-
tance. Participants who followed a vigorous exercise train-
ing program and improved their VOzpeak more increased
their walking performance less compared to those who
trained at light-to-moderate exercise intensity. Although
inconsistent with previous results,* this observation sup-
ports the hypothesis that in this population, claudication
pain, rather than cardiorespiratory fitness, is likely to be the
main walking performance limiting factor. It is interesting
to note that when the mode of training was considered,
cycling and other forms of training performed at vigorous
intensity elicited the greatest improvements in VOZpeak.
During exertion, cycling and other forms of training might
elicit lower claudication pain (or no pain) compared to
walking (Suppl 3); it is therefore possible that a higher
exercise intensity would be reached during these training
modalities. This may lead to greater improvements in cardi-
orespiratory fitness in this population.

Taken together, both training modality and exercise
intensity should be considered for a personalized approach
depending on a patient’s current limitations and functional
capacity and the goals of exercise therapy. This highlights
that different outcomes (walking performance and cardi-
orespiratory fitness) can be improved with specific training
approaches (intensity and modality) in patients with symp-
tomatic PAD. Figure 7 summarizes and highlights the main
findings of our meta-analysis.

Perspectives

The results of our meta-analysis suggest that both training
modality and exercise intensity (based on % peak heart
rate, % peak oxygen uptake, or the rate of perceived exer-
tion) should be considered when looking for the best results
in patients with symptomatic PAD. Both functional and
cardiorespiratory capacities are desirable outcomes but
they need different exercise therapy programs (Figure 7).
Current guidelines suggest using claudication pain severity
to provide guidance during training sessions in patients
with PAD 1416283167 However, in most studies, no clear
distinction is made between exercise intensity and claudi-
cation pain severity concerning the monitoring of exercise
therapy.'® Indeed, an increase in claudication pain severity
during a walking bout does not necessarily imply an
increase in exercise intensity.”” For example, after an initial
increase, the heart rate does not necessarily increase much
further during a walking bout, whereas claudication pain
severity can. This suggests that an increase in claudication
pain severity with time is more related to an increase in
exercise duration than exercise intensity.”

Future investigations in this field should assess how and
by how much each exercise intensity and modality is incor-
porated into a training program to obtain the best results. In
addition, other outcomes, such as physical function

(6-minute walking test® or Short Performance Physical

Battery score®!) and self-perceived quality of life and walk-
ing abilities,?>%3 should also be assessed. Presently, only
one study is investigating the safety and feasibility of a
novel, pragmatic, high-intensity interval training program
in patients with intermittent claudication 3433

The approach of prescribing exercise therapy intensity in
patients with PAD should align with that of other cardiovascu-
lar and metabolic diseases.®*®” Exercise therapy should be
monitored concerning exercise intensity and the severity of
claudication pain; this latter parameter is useful in adjusting the
training according to the ability and condition of the patient.
Because of claudication pain, prescribing a specific exercise
intensity (especially vigorous) may be unfeasible in some
symptomatic patients with PAD. However, from a clinical
standpoint, such an approach would allow us to better under-
stand which type of training the patient can carry out and would
allow for systematic and replicable development by others.

Limitations

Some methodological limitations need to be addressed.
First, we accepted any mode of cardiorespiratory training,
and we pooled different walking capacities in the same
analysis. This approach led to moderate-to-high among-
study heterogeneity. Including different walking test proto-
cols (incremental or constant-load inclined treadmill or
shuttle walk test) for assessing walking performance may
have affected the outcomes since previous studies reported
that the reliabilities of walking performance depend on the
testing protocols used for patients with PAD.## Second,
the classification system used to determine the exercise
intensity based on the RPE may have affected the results.
Indeed, it is still debated which cutoff is more appropriate
to distinguish low-to-moderate from vigorous exercise
training. Some have defined low-to-moderate exercise
intensity with an RPE < 13,%? others < 14, or < 1537 In
the present meta-analysis, we decided to use the widely
used ACSM guidelines,*? which provide concomitant exer-
cise intensity cutoffs for different parameters, such as heart
rate, oxygen consumption, and perceived exertion. Third,
in the few studies where it was necessary to impute the SD,
the correlation coefficient proposed by the Cochrane guide-
lines was used.*°%461.%4 Only a single study® provided the
complete required data (baseline, post and change scores,
with associated SDs).

Conclusions

Current guidelines suggest using claudication pain severity
to provide guidance during training sessions in patients with
PAD. Our meta-analysis and systematic review are the first
to investigate walking capacity and cardiorespiratory fitness
as a function of relative therapy intensity based on heart
rate, oxygen uptake or RPE and different protocols of exer-
cise intervention in patients with symptomatic PAD. Our
results revealed that vigorous exercise was less effective
than light-to-moderate exercise intensity in improving
MWD and PFWD but it provided more benefits for cardi-
orespiratory fitness. When exercise modalities were
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considered (walking vs other forms of exercise), walking at
a vigorous intensity showed the greatest improvement in
MWD, whereas light-to-moderate intensity walking train-
ing achieved better results for PFWD. These results (1) sug-
gest that both exercise therapy intensity and modality should
be considered for a personalized approach depending on the
patient’s current limitations and functional capacity and the
goals of exercise therapy, and (2) call for study of the indi-
vidual roles of each exercise intensity and modality on
walking performance and cardiorespiratory fitness in
patients with symptomatic PAD. More precision in prescrib-
ing therapy intensity is required for future guidance, distin-
guishing between claudication pain severity and exercise
therapy intensity in patients with symptomatic PAD.
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