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a  b  s  t  r  a  c  t

Objectives:  This  study  aimed  to review  the  efficacy  of exercise  training  for improving  cutaneous  microvas-
cular  reactivity  in  response  to local  stimulus  in  human  adults.
Design:  Systematic  review  with  meta-analysis.
Methods:  A systematic  search  of  Medline,  Cinahl,  AMED,  Web  of  Science,  Scopus,  and  Embase  was  con-
ducted  up  to  June  2015.  Included  studies  were  controlled  trials assessing  the  effect  of an  exercise  training
intervention  on  cutaneous  microvascular  reactivity  as  instigated  by  local  stimulus  such  as  local  heating,
iontophoresis  and  post-occlusive  reactive  hyperaemia.  Studies  where  the  control  was  only  measured  at
baseline or  which  included  participants  with  vasospastic  disorders  were  excluded.  Two  authors  indepen-
dently  reviewed  and  selected  relevant  controlled  trials  and  extracted  data.  Quality  was  assessed  using
the Downs  and  Black  checklist.
Results:  Seven  trials  were  included,  with  six showing  a  benefit  of exercise  training  but  only two  reaching
statistical  significance  with  effect  size  ranging  from  −0.14  to  1.03. The  meta-analysis  revealed  that  aerobic
exercise  had  a moderate  statistically  significant  effect  on improving  cutaneous  microvascular  reactivity
(effect  size  (ES)  =  0.43, 95% CI:  0.08–0.78,  p  = 0.015).
Conclusions:  Individual  studies  employing  an exercise  training  intervention  have  tended  to have  small
sample  sizes  and  hence  lacked  sufficient  power  to  detect  clinically  meaningful  benefits  to cutaneous
microvascular  reactivity.  Pooled  analysis  revealed  a clear benefit  of exercise  training  on  improving  cuta-
neous microvascular  reactivity  in older  and  previously  inactive  adult cohorts.  Exercise  training  may
provide  a cost-effective  option  for  improving  cutaneous  microvascular  reactivity  in  adults  and  may  be of
benefit  to those  with  cardiovascular  disease  and metabolic  disorders  such  as diabetes.

© 2016  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Chronically impaired cutaneous microvascular reactivity (CMR)
is characterised by dysfunction of vasodilatory capacity and is
associated with development of heat-related illnesses through

Abbreviations: CMR, cutaneous microvascular reactivity; CVC, cutaneous vascu-
lar conductance; ES, effect size; ET, exercise training; LDF, laser–Doppler flowmetry;
MAP, mean arterial pressure; NAFLD, nonalcoholic fatty liver disease; PF, peak flux;
PORH, post-occlusive reactive hyperaemia; RF, resting flux; UTD, unable to deter-
mine; VO2max, maximal oxygen consumption.
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impaired temperature regulation, increased risk of skin ulceration,
and, a reduction in wound healing capacity in the periphery.1–5

Chronic impairment in CMR  occurs as part of the normal ageing
process6,7 and in conjunction with chronic diseases, including those
affecting the cardiovascular system.8,9

Whilst the mechanisms underlying CMR  are not fully under-
stood, it is associated with a number of chronic disease states
and appears to contribute to morbidity and mortality, specifically
through its role in heat-related illness as well as impaired cuta-
neous tissue viability and increased susceptibility to infection.10,11

Cardiovascular disease produces impairment in CMR, with research
demonstrating an impaired hyperaemic response to occlusion.12,13

In the presence of hypertension there is structural and func-
tional alteration with a reduction in the number of capillaries
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in the skin and concomitant decrease in the number of per-
fused vessels.14,15 CMR  is also impaired by diabetes-related
microvascular disease, causing structural and functional impair-
ment of endothelium-dependent and -independent vasodilation
as well as altered neurological function in the periphery via a
diminishing nerve-axon reflex-related microvascular reactivity.2,16

Furthermore, sympathetic denervation and autonomic neuropa-
thy, common in people with diabetes, are proposed to contribute
to shunting of blood away from nutritional capillaries resulting in
ischaemia.17,18

Exercise training (ET) has been shown to improve aspects of
CMR  including endothelial-dependent responsiveness to vasodila-
tor stimulus,19 while trained distance runners have demonstrated
enhanced endothelial-dependent cutaneous vasodilation com-
pared with controls who perform only some regular physical
activity.20 From the available data it appears that there is a posi-
tive association between self-reported physical activity level and
higher resting skin blood flow in healthy populations.21–24 Fur-
thermore, acute bouts of exercise have been shown to cause a
transient increase in CMR  in healthy people and in those with
diabetes.1,20 Both acute exercise and ET are suggested to improve
CMR  through increased cardiac output6 and an increase in the
bioavailability of nitric oxide and other vasoactive substances.4

Several cohort studies have demonstrated that ET may  produce
sustained improvements in both resting skin blood flow and
vasodilatory capacity of skin capillaries25,26 suggesting that ET may
be an effective intervention for the prevention and treatment of
impaired CMR  and associated complications.

The aim of this study was to conduct a systematic review with
meta-analysis of the pooled data from controlled human adult trials
to assess the efficacy of ET interventions on CMR. We  hypothe-
sised that, when compared with a non-exercise control condition,
interventions involving ET would improve CMR.

2. Methods

Initial electronic database searches and subsequent determi-
nation of relevance based on title and abstract was  conducted
independently by two researchers (SL and VC). Databases searched
up to March 2016 were: Medline (Ovid), Cinahl (EBSCO Host),
AMED (Ovid), Web  of Science (ISI Web  of Knowledge), Scopus, and
Embase. Keyword phrases used in different combinations were:
skin perfusion, tissue perfusion, cutaneous, blood flow, haemody-
namics, reactivity, exercise, aerobic training, endurance training,
physical endurance, physical exertion, strength training, weight
training, resistance training, progressive resistance and weight lift-
ing. Reference lists of included papers were searched manually for
potentially eligible papers. Controlled trials were reviewed while
uncontrolled trials and cross-sectional studies were excluded from
analysis. To be considered a suitable control, the group needed to
differ only in exercise (non-exercise control). Manuscripts were
not excluded based on language however all manuscripts retrieved
were published in English.

Inclusion and exclusion criteria were determined a priori
by two researchers (SL, VC) with disagreements resolved by a
third researcher (NJ). Included studies were controlled trials and
employed ET interventions involving three exercise sessions or
more. This cut-off was established to differentiate studies exam-
ining the acute effects of exercise from those examining training
adaptations. Trials involving supervised or unsupervised aerobic or
resistance ET in male and/or female adults (mean age of 18 or over)
were included. Studies involving dietary control/intervention were
included only if the diet was the same between the ET and control
groups thus allowing the independent effect of ET to be measured.
Included trials used local stimulus to assess CMR. This included

studies utilising post-occlusive reactive hyperaemia (PORH), which
uses occlusion as a local stimulus. Studies were excluded if they
included participants diagnosed with vasospastic disorders or con-
nective tissue disease due to pathology-specific skin blood flow
response. Furthermore, studies were excluded if the control group
was only measured at baseline.

The outcome measure used in this review was  change in CMR.
For primary studies, data on participant characteristics, ET and con-
trol interventions (mode of exercise, exercise frequency, exercise
intensity, session duration and intervention duration), and blood
flow measurements were extracted by two  researchers (SL and VC)
independently with disagreements resolved by a third researcher
(MB). In cases where journal articles contained insufficient infor-
mation, attempts were made to contact authors to obtain missing
details.

The between-trial standardised mean difference, or effect size
(ES), and 95% confidence intervals (CI) were calculated. The ES was
used to standardise changes of CMR. Effect sizes were calculated as
Cohen’s d and then converted to Hedge’s g27 which provided a less
biased estimate of the treatment effect28 i.e.

G =
[

1 − 3
4df − 1

]
d̄.

The pooled estimate of the effect of exercise on CMR, using
ES, was  obtained by random-effects model using the DerSimonian
and Laird method.29 This involved adding the constant T2 to the
inverse variance weighting to account for likely variance in true
effects due to the differing study conditions. Heterogeneity was
then assessed using the Q statistic, I2 and T2. Finally, we examined
potential publication bias using a funnel plot and appropriate diag-
nostics, Egger’s and Begg’s test of asymmetry.30,31 All analyses and
calculations were performed with STATA version 12.1, R version
2.15.2 and Microsoft Excel 2010.

Study quality was assessed by two  researchers (SL and VC) using
a modified Downs & Black checklist.32 Where reviewers disagreed,
specific criteria were discussed with a third reviewer (MB) until
consensus was reached. If consensus could not be reached on an
item then this was  reported as unable to determine (UTD).

3. Results

The original search yielded 46,223 articles. A further eight arti-
cles were found from reference lists of articles retrieved. After
removal of duplicates and elimination of papers based on the
eligibility criteria, seven studies remained. The process of article
selection is detailed in Fig. 1.

A total of 245 individuals (102 male; 64 female; 79 gender unre-
ported) participated in the seven trials. One study recruited male
participants exclusively,33 and six studies recruited both males and
females.34–39 The mean age of participants ranged from 25 to 75
(years). The mean mass and height of participants ranged from 65 to
91 kg and 149–180 cm,  respectively. Mass was  not reported in one
study38 while four studies did not report height34,36,38,39. Studies
described the participants as older inactive34; overweight, inactive
individuals with grade-one essential hypertension38; individuals
with type 2 diabetes36,37; post-surgical varicose veins patients35;
individuals with nonalcoholic fatty liver disease (NAFLD)39 and
healthy33. Middlebrooke and associates reported that seven par-
ticipants dropped out; three for health reasons, two due to time
constraints and two for no reported reason.36 Pugh and associates
reported that two  individuals were lost to follow-up as one declined
the post-intervention assessments and one did not maintain habit-
ual diet.39 Three participants were excluded from the study by
Mitranun and colleagues as they failed to complete at least 80%
of the training.37 None of the studies reported an intention to treat
analysis.
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