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Abstract

Background Physical activity is widely perceived to be
beneficial for preventing type 2 diabetes mellitus and for
controlling glycaemic levels in patients with type 2 dia-
betes, but evidence supporting a positive effect in the
control of glycaemic levels in healthy people is rather
weak. The aim of this review was to estimate the effect of
physical activity on glycaemic control measured by gly-
cosylated haemoglobin (HbA,.) levels in non-diabetic
populations, and to determine which type of physical
activity has a greater influence on glycaemic control.
Methods We systematically searched the MEDLINE,
EMBASE, Cochrane Library and Web of Science data-
bases, from inception to May 2017, for experimental
studies addressing the effect of physical activity on gly-
caemic control measured by HbA . levels in non-diabetic
populations. The DerSimonian and Laird method was used

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s40279-018-0861-0) contains supple-
mentary material, which is available to authorized users.

B< Celia Alvarez-Bueno
celia.alvarezbueno @uclm.es

! Universidad de Castilla-La Mancha, Health and Social
Research Center, Cuenca, Spain

EPIUnit-Instituto de Saude Publica, Universidade do Porto,
Porto, Portugal

Departamento de Ciéncias da Saide Publica e Forenses e
Educagdo Médica, Faculdade de Medicina, Universidade do
Porto, Porto, Portugal

4 SPORT Research Group (CTS-1024), University of Almeria,
Almeria, Spain

Facultad de Ciencias de la Salud, Universidad Auténoma de
Chile, Talca, Chile

Published online: 16 February 2018

to compute pooled estimates of effect size (ES) and
respective 95% confidence intervals (Cls). The effect of
physical activity on HbA,. levels was estimated in two
ways: (1) physical activity intervention versus control; and
(2) physical activity pre—post intervention. Additionally,
subgroup analyses were performed based on age of par-
ticipants and different aspects of the intervention.

Results Fifteen published studies were included in the
meta-analysis. In analyses comparing physical activity
intervention and control, we found a decrease of HbA .
levels in favour of the intervention group (ES = 0.32; 95%
CI 0.01-0.62) with substantial heterogeneity (I* = 63.2%;
p = 0.008). In the pre—post analysis, there was a decrease
in HbA,. levels post physical activity intervention
(ES = 0.17; 95% CI 0.01-0.33) with low heterogeneity
(P =25.8%; p=0.164). Additionally, for physical
activity intervention versus control, a decrease in HbA.
levels was observed in resistance exercise and in inter-
vention length below 12 weeks. Furthermore, for pre—post
effect analyses, a decrease in HbA . levels was observed in
the supervised physical activity programme, other type of
exercises, intervention length below 12 weeks and exercise
intervention week duration above 150 min subgroups.
Conclusions This systematic review and meta-analysis
provides an overview of the evidence supporting physical
activity as a suitable intervention for glycaemic control as
measured by HbA,. levels in non-diabetic populations.
Trial Registration PROSPERO CRD42016050991.
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Key Points

Resistance exercises [effect size (ES) = 0.32; 95%
confidence interval (CI) 0.01-0.62] are the most
successful type of physical exercise on glycaemic
control in non-diabetic populations.

Supervised physical activity programs (ES = 0.33;
95% CI 0.14-0.52) are more effective for reducing
(HbA,,) levels than physical activity counselling
(ES =—0.03; 95% CI — 0.20 to 0.13) in non-
diabetic populations.

Physical activity intervention length below 12 weeks
(ES = 0.34; 95% CI 0.08-0.60) and above 150 min
per week (ES = 0.27; 95% CI 0.05-0.50) are
associated with large effects on glycaemic control in
non-diabetic populations.

1 Background

Physical inactivity is a major contributor to chronic dis-
ease, including ischaemic heart disease, stroke, diabetes
mellitus, and breast and colon cancer [1-3]. Global rec-
ommendations on physical activity for health [4] under-
score the pivotal role that physical activity plays in health
promotion and disease prevention. They recommend that
individuals should accumulate 150 min of moderate
physical activity or 75 min of vigorous physical activity
per week. Among US adults, the prevalence of meeting
recommendations on physical activity is approximately
51%, whereas only 27% of high school students meet
recommendations for younger populations (60 min of daily
moderate-to-vigorous activity), and this proportion
decreases through adolescence [5].

In the last few years, there has been an increase in the
number of authors who have advocated an increase in
physical activity promotion health services [6], emphasiz-
ing the role of prescription of physical activity as a thera-
peutic alternative [7]. These recommendations are based on
reports of studies that have assessed the cost effectiveness
of physical activity prescription, since physical inactivity is
estimated to be responsible for 11.1% of aggregate
healthcare expenditures [8].

It is widely recognised that increases in physical activity
would have important public health benefits; for example,
the incidence of diabetes could be reduced by up to 46% by
engaging in physical activity programmes [9]. However,
few long-term physical activity evaluations have shown
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improvements in clinical risk indices [4, 10]. Moreover,
current evidence has demonstrated that adequate physical
activity, considering age, sex, resting and maximum heart
rate, and awareness of the body’s response to physical
activity, improve metabolic risk factors [11].

Diagnosis of diabetes is focused simultaneously on
plasma glucose concentrations and its long-term
microvascular complications [12]. Glycosylated hae-
moglobin (HbA,.) has been demonstrated to be an appro-
priate method for the diagnosis of microvascular
complications of diabetes [13]. Currently, much attention
has been focused on the role of HbA . in the identification
of dysglycaemia in patients without diabetes [14]. Also, a
recent meta-analysis determined the optimal HbA . range
to prevent the risk of all-cause and cardiovascular mortality
to be 5.0-6.0% in non-diabetic populations [15]. Since
microvascular complications of diabetes are present at
early stages of the disease, controlling HbA . levels should
not be restricted to diabetic patients.

Considering the increasing incidence of diabetes in
industrialised countries, the promotion of physical activity,
as a vital component of diabetes prevention, must be
viewed as a high priority [16]. However, as far as we know,
no meta-analysis has analysed the effect of physical
activity interventions to control HbA,. levels in non-dia-
betic populations, which seems to be an important public
health issue. Similarly, the type of exercise most appro-
priate for reducing HbA., and therefore the risk of dia-
betes, has also not been reviewed.

The aims of this systematic review and meta-analysis
were to (1) estimate the effect of physical activity on
glycaemic control measured by HbA,. levels in non-dia-
betic populations; and (2) determine which type of physical
activity (based on qualitative or quantitative characteris-
tics) has a greater positive influence on glycaemic control.

2 Methods

This study is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) [17] (Fig. 1), and follows the recommen-
dations of the Cochrane Handbook for Systematic Reviews
of Interventions [18]. This systematic review and meta-
analysis was registered through PROSPERO (registration
number CRD42016050991) and its protocol has been
published elsewhere [19].

2.1 Search Strategy
We systematically searched the MEDLINE (via PubMed),

EMBASE, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews and Web of
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Science databases from their inception until May 2017.
Articles addressing the effect of physical activity on gly-
caemic control measured by HbA . levels in non-diabetic
populations and based on data from experimental studies
were eligible. The search strategy is presented in Electronic
Supplementary Material Table S1. The literature search
was complemented by reviewing citations of the articles
considered eligible for the systematic review.

2.2 Study Selection

The criteria for excluding studies were as follows: (1)
reports not written in English, French, Portuguese or
Spanish; (2) studies including subjects who had been
diagnosed with diabetes; (3) studies not reporting gly-
caemic control measured by HbA,. levels; (4) studies
combining physical activity with other health interventions,
such as nutritional interventions; (5) non-eligible publica-
tion types, such as review articles, editorials, comments,

guidelines or case-reports; (6) studies not providing pre—
post intervention HbA . levels; and (7) duplicate reports of
the same study.

When more than one study provided data referring to the
same sample, we used the study providing more detailed
data with the largest sample size. However, data regarding
sample characteristics could also be extracted from multi-
ple reports to obtain the most complete information.

The literature search was independently conducted by
two reviewers (ICR and CAB), and disagreements were
solved by consensus or involving a third researcher
(VMV).

2.3 Data Extraction and Quality Assessment
The following data were extracted from the original
reports: (1) year of publication; (2) country; (3) study

design; (4) sample characteristics (sample size and age
distribution); (5) type of population (non-diabetic,
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including information on co-morbidities); (6) methods used
in HbA,. assay; (7) HbA,. level before the intervention;
and (8) type and characteristics of the physical activity
intervention.

The methodological quality of randomised controlled
trials (RCTs) was assessed using the Cochrane Collabora-
tion’s tool for assessing risk of bias [20]. This tool evalu-
ates the risk of bias according to six domains: selection
bias, performance bias, detection bias, attrition bias,
reporting bias and other bias.

The Quality Assessment Tool for Quantitative Studies
[21] was used to assess the quality of pre—post studies and
non-RCTs. This tool evaluates seven domains: selection
bias, study design, confounders, blinding, data collection
method, withdrawals and dropouts.

In both quality assessment tools, each domain could be
considered as strong, moderate or weak, and studies could
be classified as low risk of bias (with no weak ratings),
moderate risk of bias (with one weak rating) or high risk of
bias (with two or more weak ratings) [22].

Data extraction and quality assessment were indepen-
dently performed by two reviewers (ICR and CAB), and
inconsistencies were solved by consensus or involving a
third researcher (VMV). The agreement rate between
reviewers was calculated using kappa statistics.

2.4 Statistical Analysis and Data Synthesis

The DerSimonian and Laird method was used to compute a
pooled estimate of effect size (ES) and respective 95%
confidence intervals (CIs). When studies were RCTs, a
standardised mean difference score was calculated for
HbA . levels using Cohen’s d index as the ES statistic [23],
in which positive ES values indicate a decrease in HbA .
level in favour of the intervention versus the control group.
In addition, Cohen’s d index as the ES statistic was used to
estimate pre—post physical activity intervention changes in
HbA,. levels, with positive ES values indicating decreases
in HbA . level. Cohen’s d values around 0.2 were con-
sidered weak effect, values around 0.5 were considered
moderate effect, values around 0.8 were considered strong
effect, and values larger than 1.0 were considered very
strong effect.

The heterogeneity of results across studies was evalu-
ated using the I* statistic. I* values are considered as fol-
lows: might not be important (0-40%); may represent
moderate heterogeneity (30-60%); substantial heterogene-
ity (50-90%); or considerable heterogeneity (75-100%).
The corresponding p-values were also taken into account
[17].

Additionally, when studies included two intervention
groups, their data were analysed as independent samples,
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and when studies reported two or more follow-up mea-
surements, only the last study was considered.

Sensitivity analyses were conducted to assess the
robustness of summary estimates and to detect if any par-
ticular study accounted for a large proportion of
heterogeneity.

Subgroup analyses were performed based on age of
participants (adolescents, adults and elderly) and different
aspects of the intervention: (1) type of physical activity
intervention (supervised physical activity programme or
physical activity counselling); (2) type of exercise [en-
durance exercise (activities that increase breathing and
heart rate for an extended period of time), resistance
exercise (activities that require muscles to contract against
an external resistance with the expectation of increases in
strength, tone and/or mass), combined endurance and
resistance exercises, or other type of exercises (such as
yoga, Tai Chi, Qigong, Kung Fu)]; (3) intensity of endur-
ance exercise (moderate or moderate/vigorous); (4) inten-
sity of resistance exercise (low or moderate); (5) length of
intervention (<12 or>12 weeks); and (6) minutes per
week (<150 or > 150 min).

Random-effects meta-regression was used to evaluate
whether results differed according to the mean age of
participants, percentage of males and body mass index
(BMI) [24], since this could be considered a source of
heterogeneity.

Finally, publication bias was evaluated through visual
inspection of funnel plots, as well as using the method
proposed by Egger [25]. The trim-and-fill computation was
used to assess the effect of publication bias on the inter-
pretation of results [26].

The significance value of the pooled ES was estimated
based on the 95% CI. Statistical analyses were performed
using STATA® SE software, version 14 (StataCorp, Col-
lege Station, TX, USA).

3 Results
3.1 Systematic Review

We identified 15 studies (Table 1) [27—41] addressing the
effect of physical activity on glycaemic control measured
by HbA,. levels in non-diabetic populations, which were
conducted in eight countries: two from the Americas
(North and South America), two from Asia, three from
Europe and one from Oceania. Reports were published
between 2000 and 2016, and they included studies using
the following experimental designs: eight were RCTs, five
were pre—post non-randomised experimental studies and
two were controlled pre—post studies.



Effect of Physical Activity on Glycosylated Haemoglobin (HbA,.) in Non-diabetic Populations

ur Og
coM/SKE sururergoxd
AR/ S Aianoe (s1eDMBSH [zel
SAem ¢l Teorskyd (LL'STH'S) 1keg) vonendod g7/ (€°L20) UONUSAIIUI (0102
SuoSIO/MYD e[, :Of pasiatadng 65°S Ol Kesseounuruy oneqerp-uoN D[ I1:D1 99FSeSDl 1sod-a1g EIENSNY  C[e 30 NI
ur Og
Aoam/shep (9€°540°6) g6t (€8h) [1¢]
SYoam T Surjesunos 0T°s 01 01 6C DI 08F0¥S ‘DI 0102)
9SIOI9X? IDUBINPUI Ayianoe (oL's-0€'S) uoneindod  g'87 (6°CS) 09F 008 e
A)ISUQIUI-SNOIOSIA/-d)IOpOUI (D] [eatsAyq 0S°S “DD AN dneqelp-toN DD LT 9D ‘DO LOY-UoN vSn  opuele]
urr Og
Yoom/sAep /
SYoaMm T (T0's-86'%) L6t (Szy) SE0FSLI [0g]
SOSIOIOXS Q0URISISAI AJISUAUT Suresunod 00°¢ -DI uonendod -OI Ly -DI -OI (6002)
-9jeIopowl pue ddueInpud Kiranoe (T8'v-8LY) dneqerp-uou  $°(0¢ sz SE0FSLY e 1
KYIsud)uI-snoIoSTA/-)eIopoul (O] TeatsAyg 08+ DD AN 9seqoayStomIonQ DD $S 10D H5%0) IDY uopams  s3urey]
ur Og
K
ARM/SACP swwreigoxd [62]
SoMm ¢ Aianoe (L002)
9SIOIAXQ QOUBINPUD TeorsAyd (S0°'S—S8't) uopeindod  g¢'1¢ (oov) UOT)UIAIIUL BCEE)
KIISUIUT-SNOIOSTA/-9]BIOPOW D] pasiazadng S6't ‘DI AN OTJQRIP-UON i) 0€ DI 99FSL9 DI jsod—a1g ueder Suenyy
urr 09
Aoom/sAep T swwrersord SOLIOJRIOQR
(sat qe] (el
SYPOM T Kanoe ped (z100)
9S1010Xd TearsAyd (009-89°S) -org) O'1dH uonendod  9'gg ()] UOTUAAINUT Te 10
QouRINPUS AJISUSJUT-SJBISPOW O] pasiaradng $8°G DI aZueyoxa-uoy O1}AqRIP-UON H9)1 1201 L'SFT89 Ol ysod—a1q Areir unue,y
ur 0L
Yoom/skep ¢
SYoam 9¢ swweidord (28°6—8S°S) 6'¢C (8°0¢) [L2]
SISIOIOXD QOURISISAL A)ISUUL £nanoe 0L"S -OI R 9 DI 8'LF6'5S DI (6002)
-9JeIopowW pue RJULINPUI [earsAyd (98'5-¥5°S) O1dH uonendod  g7Z (€€€) L'8F 19 e R
Kysud)uI-snoroJra/-ajeropout ([ pasiaradng 0L'S DD o5ueyoxa-uoy oneqeIp-uoN DD LT DD DD 1D¥ ueder opuy
[(Srew
uonuaAIUL [(1D %S6) (u %) ul
Aanoe 9] sfead] °lyqH /3% ozis  [(QS F ueowr)
sonsLRloRIRYD ANANOR [BIISAYJ [eJ1SAYd  UONUIAIAIUI-AI] poylow °lyqy uoneindod jo odA1, NG ordwreg sIeaA] 98y (reak)
189
SOTISTISJORIRYD UOTIUIAIONU] QwodnQ sonsteyereyd uonendod  uStsop Apms  Anuno) Apms

SISA[eUe-2JoUl PUB MIIAJI ONBWIISAS AU} UI POpN]oul SAIpNIs JO SonsLIvdeIRy) T d[qe],

pringer

Qs



I. Cavero-Redondo et al.

ut 06
K
AISM/SAEP € swwreigoxd [8€]
SYom 8 Ananoe (S)uownnsuy uonendod (€102)
ENIENE] TeorsAyd S S—0°6) ueunodyg) J1_qeIp-uou 9'6C 00) UONUdAIUL Te 1
Q0URISISAI AJISUAUI-I)BIPOIA D pasiazadng 62°S DI Aesseounwi]  9S9qO/IYSTOMISAQ H9)1 $1 D1 98 F 6 €€ DI 1s0d—a1g [izeig euRqL],
utu 09
Yoom/sAep ¢
syoom §
ng Suny gD
umr 09
somsKe owuresSoid (65°-€T°S) AN (§L9) (Le]
A /SATP € \Aﬁ\wﬁom 1¥°¢ “¢O1 EOC&ASQQQ N49)1 ¢l ‘Ol (6002)
Ao 8 reatsdyd (86'5-88'1) O1dH omeqep-uou YN (L1 ILRE
[UORLANNES) | pasiatadng (A4 E9) 1 OSUBYDOXO-UO]  9SAOYSIOMIOAQ  [D] 8 IDI 1TFIEl DI 10d elensny Sues],
ut 09
Qom/Ke
PP [9¢]
SAM (09 Furpesunoo (areoyiesy uonendod (1102)
as1010%0 fanoe @6v=8v'y)  ap) oau omoqep  0ze  (0°79) uonuAAISIUI T 10
JouRINPUS A)ISUSIUI-IILIIPOW D[ [eo1sAyq 0Ly DI agueyoxe-uo]  -uou SAISudIRdAH g9 1€ 01 OLF9I9 DI 150d—21d  U9pams§ Surjolg
um Og
Yoomyshep ¢ soud (#8'6-9€°S) swoned  T'6T (oL
SYoom ¢ \Aﬁ\/ﬁom 09°¢ ‘DI AmOHODNMUO.HQv DI €l DI 09F019 DI HWMH
9SIDI9X? dJUBINPUS TearsAyd (AR AY) oneqerp-uou - L'[¢ (0oL 09F 09 (8000)
K)ISUUI-JRISPOIA ‘D] pasiazadng 08°S :DD AN 9seASIp AIUO0I0)D) H%e) 01 DD Ho%) 1D emsny  C[e 39 XIS
umr 09 . . .
oA wwrexgoxd (oz's (seuIojEIOqR T e v [p<]
oom/Aep | Ananoe -00'S) 01°G DI pey DI 12 DI 6¥FL9T DI 9102)
SAeaM 9 fedrsfyd (0T'5-00°S) -o1g) O'1dH uonendod 617 o€ SSFTLT ILEE
e304 D] posiaradng 01°'S :DD a3ueyoXe-Uo] OTj}oqRIP-UON DD €7 0D DD 109  uopams ddegq
ui Og
Yoom/sKep ¢
Syoom 8t (S6'5—€8°S) ele (196) (€]
SOSIOTOXD QOUB)SISAI Surjesunoos 68°S DI uopendod DI 081 DL €9F I'L9 “DI (2100
Ayisuayur-ojerepour pue Kranoe (L6'6—68°S) (soroqerpard) (' T¢ (S'L6) TOFLLY Te 10
20URINPUD AJISUSUI-2)RIOPOW D] [eo1sAud 16°S DD AN dneqerp-uoN DD Tl OO DD 10d vsn Karo
[(orew
uonuoAloUl (0D %S6) (;w %) U]
Aymanoe 9] spAd] °lyqH /3% oz1s  [(dS F ueow)
SONSLIAORIRYD ANANIOR [eOISAY] [eo1sAYyd  UOTIUQAIIUI-AIJ poyow °lyqy uwonendod jo odA], NG oidwes sIeaA] 93y (1wok)
189
SONSLIQORIBYD UONUIAIIIUL QwodnQ sonsuoeIeyd uonendog  uSisop Apms  Anuno) Apmg

penunuod T dqe],

pringer

A's



Effect of Physical Activity on Glycosylated Haemoglobin (HbA,.) in Non-diabetic Populations

UOTBIASD PIEPUE]S (7§ ‘[EL1) PI[[ONUOD PISTWOpueI 1)y

‘parrodar jou YN ‘dnoi3 uonuaardyur Hy ‘Ayderdojeworyd pibiy eoueuriojrad-ysy H74H ‘urqojdowery paje[AsodA[S /gy ‘TeAIdiul 90uapyuod ;) ‘dnoid jonuod H)H xopur ssew Apoq JNg

umu 09
AIMSEEP T resFond (€9°5-L6'P) €1y 00 [14]
Syoam 7 Ananoe 0€°S ‘O syuoned onoqETp DI LDl O0LFLIT DI 9102)
9S1010Xd TearsAyd (r€'s—98'1) -uou owoIpuks  g'¢¢ ()] 0€F06C Te 10
Qoue)sIsal AJISuAUI-MoT D] pasiazadng 0r'S :0D N Kreao onskokjog H9%e) 9 :0DD H9%) IDY¥ erensny BZZIA
ut (09
Yoamskep ¢ mord (#9'5-91°5) 67T (§'L8) [ov]
Syoom 71 \Cgﬁom 0t'S ‘DI DI ¢ ‘DI ABOONV
asI1010%d rearsyd (81°5-T8'1) vonendod  £'Zg (00s) 8TFV69 DI TR
Q0UR)SISAI AJISUAIUI-MO] (D pasiaradng 006 0D onewAizug J119qRIP-UON H9'e) 0C20DD 6€CFTOLDD 109 ueder  mynznsg,
utu ¢y
K
ASIM/SATP & qururergoxd (nye3ey] [6€]
Syoom 8 Ananoe yotre( uonerndod (0002)
9S1010Xd TearsAyd (IS Y] 010£3]) O'IdH oneqerp-uou  7'Gg 00 UOTURAINUT Te 10
QOUBINPUD AJISUAIUI-AJLIOPOW D] pasiazadng 0€°S DI a3ueyoXe-uo]  959qO/YSIOMIIAQ D LTOI 09F00S:D] jsod—a1g ueder mynsJ,
[(Srew
uonuaAIUL (1D %S6) (;w %) U]
Aymanoe 9] spAd] °lyqH /3% oz1s  [(dS F ueow)
SONSLIAORIRYD ANANIOR [eOISAY] [eo1sAYyd  UOTIUQAIIUI-AIJ poyow °lyqy uwonendod jo odA], NG oidwes sIeaA] 93y (1wok)
Jed
SONSLIQORIBYD UONUIAIIIUL QwodnQ sonsuoeIeyd uonendog  uSisop Apms  Anuno) Apms

penunuod T dqe],

pringer

Qs



I. Cavero-Redondo et al.

Regarding characteristics of the populations evaluated in
the studies, seven studies enrolled subjects with a specific
disease status (overweight/obesity, coronary disease,
hypertension and polycystic ovary syndrome). Moreover,
two studies enrolled pre-diabetic subjects. Included sub-
jects were aged between 13 and 70 years, with sample sizes
ranging from 11 to 302 subjects.

Only three studies mentioned the use of certified
National Glycohemoglobin Standardization Program
methods [42] for the assessment of HbA . levels. Baseline
HbA . mean levels ranged from 4.70 to 5.91%.

Concerning characteristics of interventions carried out
in the studies, 11 were supervised physical activity pro-
grammes, whereas four were counselling interventions for
increasing physical activity. Regarding supervised physical
activity programmes, nine studies were performed indoor
(including gym and cycling exercises) and two studies
outdoor (including walking and swimming). Furthermore,
regarding counselling interventions for increasing physical
activity, two studies included physical activity prescrip-
tions by clinicians and another two evaluated instructions
by physical activity trainers. Different types of exercises
were found among the physical activity interventions,
including: endurance, resistance, a mix of both, and other
type of exercises (such as yoga, Tai-chi, Qigong, Kung Fu).
In addition, when endurance exercise was used, most of the
interventions were developed at moderate intensity, and
only three studies had a moderate/vigorous intensity.
Concerning resistance exercises, all included studies per-
formed calisthenic exercises, most interventions were
conducted at moderate intensity, and only two studies were
conducted at low intensity. Length of interventions ranged
from 6 to 60 weeks, with duration time per session ranging
from 60 to 225 min.

3.2 Study Quality

As evaluated by the Cochrane Collaboration’s tool for
assessing risk of bias [20] for RCTs and the Quality
Assessment Tool for Quantitative Studies [21] for pre—post
studies and non-RCTs, 26.7% of the studies showed a high
risk of bias, 66.7% a moderate risk of bias and 6.6% a low
risk of bias. When studies were analysed by individual
domains, 100% of the pre—post and non-RCT studies had
shortcomings in the blinding domain. On the other hand, 50
and 75% of RCT studies had shortcomings in the perfor-
mance bias and detection bias domains, respectively, with
both domains being related to blinding in the studies
(Electronic Supplementary Material Tables S2 and S3).
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3.3 Meta-analyses

For the analysis of physical activity intervention versus
control, there was a decrease in HbA . levels in favour of
the intervention group (ES = 0.32; 95% CI 0.01-0.62),
with substantial heterogeneity (I> = 63.2%; p = 0.009).
Additionally, when ES was estimated considering only the
effect in intervention groups, there was a decrease in
HbA,. levels after physical activity intervention
(ES =0.17; 95% CI 0.01-0.33), with no important
heterogeneity (I2 = 25.8%; p = 0.164) (Fig. 2).

3.4 Sensitivity Analysis

When the impact of individual studies was examined by
removing studies from the analysis one at a time, we
observed that the pooled ES estimate for physical activity
interventions versus control decreased only after removing
data from the Kallings et al. [30] study (ES = 0.12, 95%
CI —0.05 to 0.30).

3.5 Subgroup Analyses and Meta-regression

Based on different aspects of the intervention, for physical
activity intervention versus control, a decrease in HbA.
levels in favour of the intervention group was observed in
low-intensity resistance exercise subgroup (ES = 0.82;
95% CI 0.30-1.33, I = 62.4%) and in intervention length
below 12 weeks subgroup (ES = 0.36; 95% CI 0.02-0.71,
P =18.2%).

For pre—post effect analyses, a decrease in HbA . levels
post physical activity intervention was observed in the
supervised physical activity programme subgroup
(ES = 0.33; 95% CI 0.14-0.52, I* = 0.0%), other type of
exercises subgroup (ES = 0.42; 95% CI 0.03-0.84,
I? = 0.0%), low-intensity resistance subgroup (ES = 0.84;
95% CI 0.38-1.30, I* = 0.0%), intervention length below
12 weeks subgroup (ES = 0.34; 95% CI 0.08-0.60,
P = 29.0%) and exercise intervention week duration
above 150 min subgroup (ES = 0.27; 95% CI 0.05-0.50,
I’ = 39.7%) (Table 2).

The random-effects meta-regression model showed that
age, percentage of males and BMI were not related to
heterogeneity across studies either for physical activity
intervention versus control analysis (p = 0.665 for age,
p = 0.752 for percentage of males and p = 0.946 for BMI)
or for physical intervention pre—post analysis (p = 0.489
for age, p = 0.195 for percentage of males and p = 0.073
for BMI).
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Effect %

Reference size (95% Cl) Weight
INTERVENTION VS CONTROL EFFECT
Ando et al 2009 [27] -0.07 (-0.61, 0.47) 13.11
Kallings et al. 2008 [30] —_— 0.88 (0.44,1.31) 15.29
Lalande et al. 2010 [31] 0.00 (-0.51,0.61) 12.72
Morey et al. 2012 [33] — 0.02 (-0.21,0.25) 19.64
Papp et al. 2016 [34] 0.22 (-0.37,0.81) 12.15
Sixt et al. 2008 [35] 0.16 (-0.57,0.98) 9.16
Tsuzuku et al. 2006 [40] 0.88 (0.28,1.44) 12.34
Vizza et al. 2016 [41] 0.65 (-0.47,1.77) 5.60
Subtotal (I-squared = 63.2%, p = 0.008) <> 0.32 (0.01,0.62) 100.00
PRE-POST INTERVENTION EFFECT
Ando et al. 2009 [27] 0.00 (-0.54, 0.54) 6.70
Fantin et al. 2012 [28] 0.08 (-0.53,0.68) 5.62
Huang et al. 2007 [29] 0.20 (-0.31,0.70) 7.39
Kallings et al. 2008 [30] —T 0.17 (-0.27, 0.60) 9.09
Lalande et al. 2010 [31] -0.28 (-0.83, 0.26) 6.60
Liu et al. 2008 [32] 0.91 (0.03,1.79) 2.99
Morey et al. 2012 [33] —a— -0.02 (-0.23,0.18) 18.73
Papp et al. 2016 [34] 0.33(-0.27,0.94) 5.62
Sixt et al. 2008 [35] 0.20 (-0.57,0.97) 3.77
Sjéling et al. 2011 [36] -0.18 (-0.68, 0.32) 7.50
Tibana et al. 2013 [37] -0.06 (-0.80, 0.68) 4.04
Tsang et al. 2009 (1G1) [38] 0.23 (-0.75,1.21) 2.46
Tsang et al. 2009 (1G2) [38] 0.30 (-0.51, 1.10) 3.49
Tsukui et al. 2000 [39] 0.40 (-0.14,0.94) 6.70
Tsuzuku et al. 2006 [40] 0.90 (0.39,1.42) 7.18
Vizza et al. 2016 [41] 0.58 (-0.50, 1.63) 2.11
Subtotal (I-squared = 25.8%, p = 0.164) <> 0.17 (0.01,0.33) 100.00
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Fig. 2 Forest plots of the effect size for physical activity intervention in non-diabetic populations according to study design. CI confidence

interval, /G intervention group
3.6 Publication Bias

There was no significant publication bias for physical
activity intervention versus control analysis, as evidenced
by the funnel plot asymmetry and the Egger’s test
(p = 0.359). Conversely, there was evidence of publication
bias for pre-post physical intervention effect analysis
(p = 0.092) (Electronic Supplementary Material Fig-
ure S1). Additionally, trim-and-fill computation showed
that five studies were needed to remove publication bias for
physical intervention effect analysis (p = 0.762).

4 Discussion

This systematic review and meta-analysis provides an
overview of the evidence supporting that physical activity
is a suitable intervention in non-diabetic populations for
glycaemic control as measured by HbA . levels. Our data
show that physical activity interventions result in a sig-
nificant decrease in HbA . levels. Furthermore, this meta-
analysis supports the hypothesis that resistance is the most
effective type of physical exercise for achieving glycaemic
control in non-diabetic populations.

As in many other diseases, the prevention of diabetes
and cardiovascular disease is the keystone for improving
efficiency in the health systems of industrialised countries
[43]. Prevention should be directed at avoiding the

@ Springer



I. Cavero-Redondo et al.

Table 2 Subgroup analyses based on study intervention characteristics

Subgroup analyses

Physical activity intervention vs. control

Physical activity pre—post intervention

Number of Effect size (95% I p- Number of Effect size (95% CI) I p-
studies CI value studies value
Age
Adolescents (12-20 years) 0 0.27 (—0.35,0.89) 0.0 0914
Adults (20-60 years) 4 0.09 (—0.22, 0.0 0.663 0.19 (—0.09, 0.46) 21.3 0.267
0.40)
Elderly (> 60 years) 4 0.48 (— 0.06, 81.7 0.001 7 0.17 (— 0.08, 0.41) 50.5 0.060
1.01)
Type of intervention
Supervised physical activity 5 0.33 (—0.04, 325 0205 12 0.33 (0.14, 0.52) 0.0 0.511
programme 0.70)
Physical activity counselling 3 0.30 (—0.28, 83.5 0.002 4 —0.03 (-0.20,0.13) 0.0 0.578
0.88)
Type of physical activity
Endurance/resistance combined 3 0.27 (—0.29, 84.2 0.002 3 0.01 (= 0.16,0.19) 0.0 0.740
exercises 0.84)
Endurance exercise 2 0.06 (—0.43, 0.0 0.760 6 0.05 (- 0.17,0.28) 0.0 0.503
0.55)
Resistance exercise 2 0.82 (0.30, 1.33) 62.4 0.009 3 0.50 (—0.13, 1.13) 54.1 0.113
Other type of exercise 1 0.22 (—0.37, - - 4 0.42 (0.03, 0.81) 0.0 0.681
0.81)
Intensity of endurance exercise
Moderate/vigorous intensity 3 0.29 (— 0.36, 78.3 0.010 5 0.05 (—0.18, 0.28) 36.2 0.195
0.94)
Moderate intensity 2 0.03 (—0.19, 0.0 0.749 4 0.02 (- 0.16,0.19) 0.0 0.835
0.25)
Intensity of resistance exercise
Moderate intensity —0.06 (— 0.80, 0.68)
Low intensity 2 0.82(0.30, 1.33) 624 0.009 2 0.84 (0.38, 1.30) 0.0 0.596
Intervention length
< 2 weeks 0.36 (0.02,0.71) 182 0299 10 0.34 (0.08, 0.60) 29.0 0.178
> 12 weeks 0.27 (- 0.29, 842 0.002 6 0.02 (—0.14,0.17) 0.0 0.883
0.84)
Minutes per week
< 150 min 4 0.09 (—0.23, 0.0 0.667 6 0.00 (—0.24,0.24) 0.0 0.581
0.23)
> 150 min 4 0.48 (— 0.06, 814 0.001 10 0.27 (0.05, 0.50) 39.7 0.093
1.02)

Italicised values indicate p <0.05

CI confidence interval

appearance of risk factors, which is known as primary
prevention [44]. There is consistent evidence supporting
physical activity, nutrition and treatment with antidiabetic
drugs as the most effective interventions for the prevention
of diabetes and its complications [45]. Thus, a principal
public health objective is to increase the proportion of the
population that is physically active and following a proper
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diet, which can prevent obesity, hyperglycaemia, hyper-
tension or hypercholesterolaemia.

In diabetic populations, evidence supports that, although
both aerobic and resistance training have some beneficial
effect on glycaemic control, programmes that combine
aerobic and resistance training are the most effective in
improving HbA,. levels [46]. Our data support that phys-
ical activity also has a positive effect on the control of
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glycaemic levels in healthy people (or people with condi-
tions other than diabetes). This finding could have rele-
vance because it consolidates evidence supporting exercise
as a powerful strategy for preventing type 2 diabetes,
particularly in industrialised countries, which are suffering
an epidemic of sedentariness.

There is an extensive body of literature supporting the
benefits of exercise training on cardiometabolic risk, and
particularly on type 2 diabetes [47-50]. The main mecha-
nisms behind this beneficial effect, in short, are that exer-
cise increases insulin sensitivity in the trained muscle, and
muscle work induces glucose uptake in the muscle [51].
Exercise training enlarges muscle capillary network and
blood flow, which increases skeletal muscle glucose
transporter protein 4 (GLUT4) expression, promotes glu-
cose synthesis, and reduces release of and increases the
clearance of free fatty acids [52]. With fewer blood glucose
molecules available, binding of glucose to the haemoglobin
heteroprotein decreases, resulting in lower HbA ..

Overall, characteristics of the intervention associated
with a larger effect were the following: (1) supervised
physical activity programmes; (2) resistance exercises; (2)
intervention length below 12 weeks; and (4) intervention
duration above 150 min per week.

Physical activity interventions that involve a health
professional giving written advice to patients to increase
their physical activity have obtained variable success [53].
On the other hand, supervised physical activity programme
interventions are widely known to improve physical
activity levels, quality of life and/or cardiometabolic
parameters [54]. Our findings show that supervised physi-
cal activity programmes were more effective for reducing
HbA,. levels than physical activity counselling, which is
consistent with prior findings [55].

In relation to the type of activity, it should be appreci-
ated that low-intensity exercises are associated with lower
glucose consumption, which means that changes in blood
sugar levels will take place more slowly [56]. The results
of this meta-analysis show that low-intensity resistance
exercises and other types of exercise (whose intensity tends
to be low) are effective in controlling HbA . levels. These
types of exercise may modulate autonomic function and
beneficially alter markers of sympathetic and parasympa-
thetic activity [57]. Through practicing low-intensity
exercises, the effect of stress could be reduced, leading to a
positive impact on neuroendocrine status, metabolic and
cardio-vagal function, and related inflammatory responses
[58]. Additionally, low-intensity exercises for more than
150 min per week were more effective (ES = 0.69; 95%
CI 0.33-1.05) than those for less than 150 min per week. If
HbA . is a marker of blood glycaemia in the last 3 months,
it seems logical to suggest that low-intensity exercises over

longer periods of time are more closely associated with
changes in HbA . in non-diabetic individuals.

Endurance or combined endurance/resistance exercises
are more common and usually practiced by the general
population [59, 60], and previous studies have concluded
that these types of exercises are effective in reducing
HbA,. in diabetic patients [49, 50]. Our results have,
however, elucidated that endurance exercises were not
effective for reducing HbA . levels in non-diabetic popu-
lations. This could be due to endurance exercise-induced
changes in energy balance which may stimulate compen-
satory adjustments that alter daily food intake [61], even
though the target population of these interventions are
healthy subjects who have no dietary prescriptions.

In addition, a previous study suggested that changes in
HbA,. levels would require between 8 and 12 weeks
before reaching a plateau [62]. Our results reinforce these
findings, showing that physical activity interventions
of <12 weeks duration were more effective in reducing
HbA,. among non-diabetics. This may be due to the peak
effect of physical activity on HbA;. being evident at
12 weeks given that HbA . is a biomarker that quantifies
the 12-week average plasma glucose concentration. Fur-
thermore, our results did not show that interventions
of > 12 weeks duration had the opposite effect and there-
fore the practice of physical activity over this length should
be considered, although compensatory food intake changes
or reductions in non-exercise activity thermogenesis might
mitigate some of the long-term intervention benefits
[63, 64]. Finally, our data support global recommendations
on physical activity for health [4], detecting beneficial
effects with physical activity of more than 150 min per
week.

The importance of control groups to isolate the impact
of the independent variable on the dependent variable has
been defined. In addition, using a control group eliminates
a variety of threats to internal and external validity [65].
Without evidence from a control group, it is not possible to
correct a single study estimate for the influence of extra-
neous factors, which may have magnified or diminished its
influence [66]. Our pooled estimates including studies
comparing physical activity interventions versus control
groups showed a greater effect on HbA,. decrease than
those that included only pre—post physical intervention
effects.

Some limitations of this review that could compromise
our results should be stated. First, data extraction were non-
blinded, which is a potential source of bias. Second, the
studies were of medium quality overall. Third, programmes
were heterogeneous regarding type, length and intensity of
physical exercise. This variability in the characteristics of
the physical activity intervention makes the size of some
groups very small for subgroups analysis. Fourth, none of
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the studies assessed the daily physical activity performed
by subjects outside of the programmes (either by recall or
accelerometer); thus, the effect of intervention on non-ex-
ercise physical activity could not be controlled for by meta-
regression analyses. Fifth, only three studies mentioned the
use of certified National Glycohemoglobin Standardization
Program methods. Sixth, small sample size undermines the
reliability of some studies included in this meta-analysis
[67]. Seventh, there was evidence for significant publica-
tion bias in Egger’s test for physical intervention effect
analysis, and results from studies that are not published
could have modified the results of our meta-analysis; thus,
the effect of publication bias on the interpretation of results
was assessed using the trim-and-fill computation methods.
Finally, most of studies were not designed for observed
effects on glycaemic control and HbA . levels were not the
main outcome variable.

5 Conclusions

Our meta-analysis allows us to conclude that physical
activity interventions are effective for reducing HbA;.
levels in non-diabetic populations. Also, it provides clinical
evidence that physical activity could reduce HbA,. levels
by between 0.01 and 0.22% depending on the character-
istics of physical activity interventions. Thus, our review
has important clinical and public health implications
because it provides support for recommending physical
exercise in non-diabetic subjects as a population strategy
for preventing type 2 diabetes and its complications.
Moreover, in light of the findings of this review, and
considering that HbA . is a glycaemic marker that has been
consistently associated with cardiovascular disease and
mortality, the clinical guidelines for preventing diabetes
and cardiovascular disease should include support for low-
intensity resistance exercise, with a weekly duration of
more than 150 min, as an effective strategy to reduce
cardiometabolic risk.
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