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The session order of aerobic and resistance training seems to be important for glycemic behavior,
as when performed in isolation they help to reduce glycosylated hemoglobin. The purpose of the
present study was to compare the acute effect of aerobic and resistance training session orders on
glycemia levels of older adults with type 2 diabetes mellitus. A counterbalanced crossover design was
used in this study. Eighteen older adults with type 2 diabetes, 13 men and 5 women, non-insulin
and beta-blocker dependents, were recruited. All participants performed two training sessions in
different orders: aerobic + resistance (AER) and resistance + aerobic (RES). There was a seven-day
interval between sessions. In the AER session, a significant (p < 0.001) decrease in blood glucose
was observed between training (Mid moment: p < 0.001) and after each session (Post moment: p =
0.003) compared to the baseline (Pre moment). In the RES session, no difference (p = 0.731) was
found at the Mid moment in relation to the Pre moment, but a significant (p < 0.001) decrease in
blood glucose was observed in the Post moment. A comparison of the different training sessions
showed a significant difference (p = 0.012) at the Mid moment, whereas the blood glucose showed a
sharper reduction the AER session. In conclusion, we observed that combined training, regardless of
the order, was effective for acute glycemic behavior in older people with type 2 diabetes, and aerobic
training was the main factor responsible for the reduction blood glucose.
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RESUMO

A ordem da sessio de treino aerdbio e resistido parece ser importante para a resposta glicémica, uma vez que

quando realizados isoladamente ajudam a reduzir a hemoglobina glicosilada. O objetivo do presente estudo
foi comparar a ordem da sessio de treinamento aerdbio e resistido na resposta glicémica agudo em idosos com
diabetes tipo 2. A amostra _foi composta por idosos, diagnosticados com diabetes do tipo 2, 13 homens e 5
mulheres, ndo tratados com insulina e betabloqueadores. Todos realizaram duas sessies de treinamentos com
diferentes ordens: aercbio + resistido (AER) e resistido + aercbio (RES). As sessées foram separadas por sete
dias. Na sessio AER, foi observado uma diminuicio significativa (p < 0,001) da glicemia entre as sesses
(ENTRE: p < 0,001) ¢ apds cada sessio (POS:p = 0,003) em comparagio com a linha de base (PRE). Na
sessdo RES, nenhuma diferenca (p > 0,731) foi encontrada no momento ENTRE em relagio ao momento
PRE, mas uma diminuigdo significativa (p < 0,001) da glicose no sangue foi observada no momento POS.
Uma comparagio das diferentes sesses de treinamento mostrou uma diferenga significativa (p = 0,012) no
momento ENTRE, enquanto a glicemia mostrou uma queda mais acentuada na sessao AER. Concluiu-se
que o treinamento combinado, independente da ordem, foi eficaz na resposta glicémica aguda em idosos com
diabetes do tipo 2 e o treinamento aerdbico foi o principal responsdvel pela queda de glicose no sangue.

Palavras-chave. Glicose san guinea; Diabetes mellitus; Treino aerdbio; Treinamento de ﬁ;r;a.

Introduction

of treatment for diabetes, fighting physical inactivity,

Diabetes mellitus is a major public health problem in
many countries, affecting millions of people, with the
prospect of a 50% increase by 2040. Type 2 diabetes
mellitus accounts for 90-95% of cases of diabetes mel-
litus, of which physical inactivity and advancing age are
some of the risk factors'. Exercise is one of the pillars

which in turn has a significant impact on the improve-
ment of glycemic control?. Aerobic and resistance trai-
ning is recommended as an important non-pharma-
cological strategy for glycemic control in older adults
with diabetes mellitus®.

Studies have shown that aerobic training is effective
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in improving glycemic control*’. The American Col-
lege of Sports Medicine and the American Diabetes
Association® recommend that older adults with type
2 diabetes perform aerobic training at least three days
a week, with an intensity of 40-60% of maximal VO,
and a minimum duration of ten minutes per session,
totaling approximately 150 minutes per week. Regard-
ing resistance training, Castaneda et al.” suggested that
increasing muscle strength can improve blood glucose
control. In addition, resistance training improves insulin
sensitivity in older adults with type 2 diabetes mellitus®.
For such, the training program should be prescribed in
five to ten exercises for large muscle groups for at least
two non-consecutive days a week. One to three sets of
ten to fifteen repetitions with moderate (50% 1RM) or
heavy intensity (75-80% 1RM) are indicated®.

In skeletal muscle, both aerobic and resistance train-
ing lead to increased expression of the muscle glucose
transporter type 4 (GLUT-4), but resistance training
presented higher possibilities of muscle mass gain and,
thus, increased glucose storage capacity” '°. Therefore,
aerobic and resistance training, when performed in iso-
lation, play a relevant role in the glycemic control of old-
er adults with type 2 diabetes mellitus. A combination
of aerobic and resistance training has been recommend-
ed by several international organizations®''2 Increase
in muscle mass from resistance training can contribute
to blood glucose uptake without altering the ability of
muscle to respond to insulin. On the other hand, aero-
bic exercise improves blood glucose uptake through in-
creased insulin action, independent of changes in mus-
cle mass®. Associating aerobic with resistance training
(i.e., combined training) seems to be even more effective
for glycemic behavior, as it helps to reduce glycosylat-
ed hemoglobin®'®!*. Nevertheless, the order of sessions
of combined training remains poorly understood. The
present study aimed to compare the acute effect of the
order of sessions combining aerobic and resistance train-
ing on the glycemia of older adults with type 2 diabetes
mellitus. Our hypothesis was that the combination of
aerobic and resistance training, regardless of order, will
lower blood glucose, and that the largest decreases in
each session will occur after aerobic training.

Methods

The sample consisted of eighteen older adults, 13 men
and 5 women, participating in a Cardiopulmonary and
Metabolic Rehabilitation program. The entire sample
presented diabetes mellitus type 2 and was on oral an-

tidiabetic agents. To participate in the survey, all were
required to have been attending the program for at least
three months and be familiar with the exercises pro-
posed. The use of insulin and beta-blocker drugs was
adopted as an exclusion criterion. The use of alpha-bloc-
ker, anti-diabetic, cholesterol and triglyceride, diuretic,
diabetes mellitus control (except insulin), angiotensin
receptor, and vasodilator drugs were permitted. During
the research, participants were not required to control
their diet, for the results of this study to reflect the actual
daily lives of the participants. After agreeing to parti-
cipate in the research, the subjects signed an informed
consent form, and all procedures were conducted in ac-
cordance with the ethical standards of the Declaration
of Helsinki (1964) and approved by a local Research
Ethics Committee (protocol number: 4.076.498).

A counterbalanced crossover design was used in
this study, which was conducted over three visits. At
the first visit, anthropometric measurements were tak-
en, and the subjects were familiarized with the train-
ing. At the second and third visits, they were randomly
assigned to counterbalance input in two training ses-
sions with different execution orders: (I) aerobic fol-
lowed by resistance (AER) and (II) resistance followed
by aerobic (RES). A period of five minutes between
training and seven days between sessions was respect-
ed. In both sessions, the subjects initially performed
a warm-up, which consisted of five minutes of gentle
walking with increasing treadmill speed every minute
until the training heart rate (HR) was reached, for the
AER session; and a specific warm-up in the first exer-
cise with the same number of repetitions used in train-
ing (10 repetitions) with a light load (a score of up to
5 on the OMNI-RES scale) for the RES session. All
training sessions were supervised by the researchers in
this study, who have experience in aerobic and resist-
ance training, and assisted in load adjustments, as well
as in the follow-up of training sessions.

A treadmill walk (LLX160i, Movement®, Brazil) was
performed for 30 continuous minutes with an intensi-
ty of 50% of the heart rate reserve. For such, resting
HR was measured before the beginning of training, in
which the individual remained at rest for five minutes.
'The maximum heart rate (HR ) was calculated using
the formula proposed by Tanaka et al.': HR = 208
- (0.7 x age). During training, HR was measured every
two minutes with a heart rate monitor (FS2, Polar®,
Finland) and the researcher kept track of the HR by

increasing or decreasing the treadmill speed.



Correa et al. Rev Bras Ativ Fis Satide. 2021;26:¢0222

Effect of training order in older adults with diabetes

Resistance training was performed for approxi-
mately 30 minute, with five exercises: seated bench
press, free dumbbell squat, seated cable row, standing
plantar flexion, and lateral dumbbell lift. The bench
press and low row exercises were performed in a mul-
tifunctional station (IMS400 Multi-Station, Riguetto®,
Brazil). All subjects performed three sets of ten repeti-
tions with moderately difficult intensity, i.e., a score of
5 to 7 on the OMNI-RES scale'. The interval between
sets was one minute.

Capillary blood glucose was collected using a glu-
cometer (Freestyle OptiumNeo H, Abbott®, USA)
that quantifies plasma glucose. For this measurement,
a drop of blood was collected from the ear lobe of the
subjects and subsequently deposited on a disposable
biosensor tape coupled to the glucometer. The collec-
tion was performed by an experienced and qualified
professional five minutes before the training session
(Pre), between training (Mid), and five minutes after
each session (Post).

To calculate the inferential statistics of the data,
the probability distribution function was tested by the
Shapiro-Wilk test, and homoscedasticity, by the Lev-
ene test. A t-test for independent measurements was
performed to verify the difference between individual
data (age, body mass, height, and BMI) among men
and women. To compare blood glucose in both ses-
sions, we used a two-way analysis of variance (ANO-
VA) (sessions: AER and RES) with repeated measures
(moment: Pre, Mid and Post), followed by Tukey Post
hoc test to identify the difterences. For such, the sphe-
ricity of the variables was verified by the Mauchly test.
Considering the total sample size (n = 18), a post hoc
analysis with the G*Power 3.0 software'” indicated a
95% statistical power, requiring a minimum eftect size
of 0.4. The f* Cohen ES was conducted for verify the
magnitude of the differences between training ses-
sions with the magnitude classified as small (= 0.20 - <
0.60), moderate (= 0.60 - < 1.20), or large (= 1.20)*.
The significance level was 5%, and the software used
for data analysis was GraphPad (Prism 8.0.1, San Die-
go, CA, USA).

Results

The subjects presented a period with diagnosed dia-
betes mellitus of 11.40 + 7.29 years and reported the
use of alpha-blocker (doxazosin), anti-diabetic (alo-
gliptin, glibenclamide, glimepiride), cholesterol and
triglyceride (fenofibrate, rosuvastatin calcium, simvas-

tatin), diuretic (chlorthalidone, hydrochlorothiazide),
diabetes mellitus control (empagliflozin, gliclazide,
metformin hydrochloride, pioglitazone hydrochloride,
vildagliptin), angiotensin receptor (losartan potassium,
ramipril, valsartan), and vasodilator (amlodipine besy-
late). The individual sample data did not show a sta-
tistical difference between men and women (Table 1).
The sample was classified as overweight according to
Body Mass Index - BMI (between 25.00 and 30.00
kg/m?). Individual data values presented a coeflicient
of variation < 20.00%. In addition, no adverse events
or intolerance was observed with the training sessions

(e.g. hypoglycemia).

Table 1— Participants characteristics.

Men (n = 13) Women (n = 5) p-value
Age (years) 66.92 + 8.21 (12.27%) 60.20 + 10.33 (17.16%) 0.239
Body mass (kg) 78.85 + 13.75 (17.44%) 81.60 = 12.68 (15.54%) 0.698
Height (m) 1.71 £ 0.05 (3.15%) 1.66 = 0.08 (4.93%) 0.207
BMI (kg/m2)  26.75 = 4.04 (15.12%)  29.68 + 3.78 (12.73%)  0.185

BMI = Body mass index; Values are expressed as mean + standard
deviation (coefficient of variation).

'The Mauchly test found a violation of sphericity for
time (p < 0.001) using the Geisser-Greenhouse Epsi-
lon and sphericity was assumed for the interaction of
time x session (p = 0.708). Two-way ANOVA showed
interaction between training sessions and time [F (1.91,
32.62) = 18.26; p < 0.001] and effect for time [F (1.18,
20.12) = 24.62; p < 0.001]. There was no effect for the
training sessions [F (1.00,17.00) = 0.27; p = 0.604].

Table 2 presents the ANOVA result of the repeat-
ed glycemic values at each moment and between the
different training sessions. Upon comparing the differ-
ent training sessions, only a significant difference was
found at the Mid moment, whereas glycemia present-
ed a sharper reduction session beginning with aerobic
training. The effect size was found to be small between
the sessions at the Pre and Post moments and large at
the Mid moment.

In sessions beginning with aerobic training (AER),
a significant reduction in blood glucose was found for
Mid (p < 0.001) and Post (p = 0.003) compared to Pre.
In sessions beginning with resistance training (RES)
no significant difference was found (p = 0.731) at the
Mid moment in relation to the Pre moment; however,
a significant decrease was found (p < 0.001) in relation
to the Post moment. Table 3 shows the percentage dif-
ference results and effect size.



Correa et al. Rev Bras Ativ Fis Saude. 2021;26:¢0222

Effect of training order in older adults with diabetes

Table 2 — Capillary blood glucose values between training.

AER (mg/dL) RES (mg/dL) p-value ES
Pre 138.17 £32.17 (122.17 — 154.16) 137.06 +42.99 (115.68 — 158.43) 0.887 0.03
Mid 106.94 + 34.55% (89.75 — 124.12) 132.89 = 37.04%(114.47 — 151.30) 0.012 1.40
Post 113.83 +34.93* (96.45 — 131.20) 101.83 + 32.44*(85.69 — 117.96) 0.234 0.39

Values are expressed as mean + standard deviation (lower-upper 95% Confidencial Interval of the mean); AER = acrobic + resistance; RES
= resistance + aerobic; ES = Effect size; * Significant difference from the Pre; # Significant difference from the Mid; T Significant difference

between training sessions.

Table 3 - Changes in blood glucose between the moments.

AER RES
Pre vs Mid 0.93 (-22.60) 0.10 (-3.04)
Pre vs Post 0.72 (-17.61) 0.92 (-25.70)
Mid vs Post 0.19 (6.44) 0.89 (-23.37)

Values are expressed as effect size (percentage delta); AER = aerobic
+ resistance; RES = resistance + aerobic.

Discussion

The present study aimed to compare the acute effect
of session order in combined aerobic and resistance
training on the glycemic behavior of older adults with
type 2 diabetes mellitus. The main results showed that
there were no significant differences between the or-
ders at the end of each session, i.e., a sharp decrease
in capillary blood glucose was found regardless of the
order of combined training. These results corroborate
with Moro et al.”?, in which combined training produ-
ced positive effects on glycemic control in older adults
with type 2 diabetes mellitus. These authors found that
regular combined aerobic training can provide chan-
ges in metabolism capable of improving glycemic ho-
meostasis. In this case, combined training seems to be
more effective with regard to glycosylated hemoglobin
control, and aerobic training, with regard to plasma
glucose. Glycosylated hemoglobin allows the glycemic
behavior of the last three to four months to be verified
on the date of the test, analyzing possible peaks and re-
duction in blood glucose during this period regardless
of the fasting state, while plasma glucose analyzes the
glucose value acutely’.

In the present study, capillary blood glucose reduc-
tion occurred only after aerobic training, regardless of
the order in which combined training was performed.
According to the study by Boulé et al.?’, aerobic train-
ing was able to reduce fasting insulin levels, which was
accompanied by increased insulin sensitivity. The au-
thors reported that after 72 hours, fasting insulin re-
turned to baseline levels, and a slight increase in fasting
glucose occurred 24 and 72 hours after the session. In
addition to the acute effect, some studies have shown

that aerobic training promoted improved glycemic
control when performed within protocols with a mini-
mum duration of eight weeks?%.

According to the position of the American College
of Sports Medicine and the American Diabetes Asso-
ciation®, the acute effects of a single resistance training
session on blood glucose levels and/or insulin action in
older adults with type 2 diabetes are not clear. Like-
wise, the present study did not find differences in acute
responses to resistance training. In contrast, protocols
with a duration between 8 and 24 weeks showed signif-
icant results in glycemic control through glycosylated
hemoglobin”*?* In addition to this evidence, Church
etal.’* and Sigal et al.' reported that resistance training
is of great importance in glycemic control through gly-
cosylated hemoglobin, especially when added to aerobic
training. Yardley et al.”® suggest that resistance training
should be performed before aerobic training as a pre-
scription strategy to reduce the risk of hypoglycemia.

Lack of diet control may be a limiting factor in the
present study. According to Carvalho et al.®, a diet
composed of an adequate amount of fiber contributes to
better glycemic control. However, the procedures of this
study are in line with previous research from a clinical
and functional perspective'*!%27:28
representing the participants’reality. Additionally, as the
volunteers took part in a Cardiopulmonary and Meta-

, in addition to closely

bolic Rehabilitation program, they had medical, nutri-
tional, physiotherapeutic, and psychological follow-up.
It is important to note that the present study only per-
tormed the blood glucose collection at 5 minutes after
the session, which does not represent delayed changes.

In conclusion, combined training, regardless of or-
der, was effective for acute glycemic behavior in older
adults with type 2 diabetes mellitus. Aerobic training
was largely responsible for glycemic behavior. In prac-
tical terms, the inclusion of aerobic training for glyce-
mic behavior in older adults with diabetes is essential
regardless of whether prescribed before or after resist-
ance training. Maybe, the preference of the practition-
ers should be taken into consideration.
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