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ABSTRACT

Background: The objective was to compare the effects of low-volume high-
intensity interval training (HIIT) to moderate-intensity continuous
training (MICT) on the inflammatory profile in older women with type 2
diabetes (T2D).

Methods: Thirty older physically inactive women (68 + 5 years) with T2D
were randomized in two groups: HIIT (75 min/week with 10 min/session
at high intensity) or MICT (150 min/week). Inflammatory profile (IL-6, IL-
10, IL-15, TNF-a, and MCP-1; Luminex), body composition (iDXA), and
cardiometabolic profile (Alc, glucose, insulin, lipids) were measured in
fasting state, before and after the 3-month intervention in 27 participants.

Results: While fasting levels of cytokines remained unchanged in the MICT
group (p > 0.18), circulating MCP-1 levels increased (from 160.9 [IQR:
133.5-230.2] to 187.88 [155.3-237.3]) in the HIIT group (p = 0.023). Linear
regression revealed that changes in MCP-1 concentrations were positively
associated with changes in Alc (adjusted R*= 0.203; p = 0.018).

Conclusions: The results of this study suggest that 12 weeks of either low-
volume HIIT or MICT do not improve inflammatory markers in older unfit
women with T2D. The correlation between changes in Alc and MCP-1
levels support the role of hyperglycemia in low-grade inflammation.
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ABBREVIATIONS

T2D, Type 2 diabetes; MCP-1, monocyte chemoattractant protein 1; IL,
interleukin; MICT, moderate-intensity continuous training; HIIT, high-
intensity interval training; CPET, cardiopulmonary exercise test; HR, heart
rate; HRR, heart rate reserve; BMI, body mass index

INTRODUCTION

Type 2 diabetes (T2D) is a complex metabolic disorder considered as one
of the most important public health problem in the world, mainly because of
its close relationship with cardiovascular diseases and premature mortality
[1]. The presence of T2D in women confers a greater risk of cardiovascular
complications compared to men [2], which could be caused by a worst
glycemic control and less optimal control over some risk factors such as
dyslipidemia and hypertension [3]. Even though more research is needed
regarding sex differences in pathophysiological mechanisms leading to T2D
and its complications, the literature suggests that a systemic pro-
inflammatory state could be involved [4-6]. Indeed, it was reported that
higher circulating levels of pro-inflammatory cytokines such as monocyte
chemoattractant protein 1 (MCP-1), interleukin (IL)-6 and IL-1B are
associated to a poor glycemic control as well as a greater risk of T2D-
associated cardiovascular complications [7] and peripheral artery disease [8].
Furthermore, knowing the close relationship between adiposity, glucose
homeostasis and inflammatory profile [9], exercise interventions that can
reduce fat mass and improve glucose control could lead to a reduced pro-
inflammatory profile. All together, these improvements may reduce the risk
of cardiovascular diseases associated to T2D.

As demonstrated by the meta-analysis of Hayashino et al. (2014),
moderate-intensity continuous training (MICT) is among the interventions
that may have this anti-inflammatory effect. After a few weeks of aerobic
exercises, circulating levels of C-reactive protein and IL-6 were reduced in
individuals with T2D [10]. Unfortunately, there are still some
inconsistencies in the literature with previous studies that did not report
any benefits of MICT on inflammatory markers in adults with T2D [11-13].
More recently, it was shown that circulating levels of IL-6, tumor factor
necrosis alpha (TNF-a), leptin and adiponectin were improved by high-
intensity interval training (HIIT) in adults with metabolic disorders,
including T2D [14], and older women with metabolic syndrome [15]. This
improvement may restore tyrosine kinase activity of insulin receptors,
which will contribute to reduce insulin resistance [16].

Although interesting because it demonstrates the beneficial effect of
HIIT on inflammatory profile, such high volume of HIIT (<10 min per
session) could be difficult to perform for older adults with reduced
physical capacities and metabolic disorders. Furthermore, a study showed
that only 2-14% of older adults with T2D performed 150 min/week of
moderate to vigorous exercises [17], with one of the main barrier being
the perceived lack of time [18]. Therefore, the recently updated Diabetes
Canada guidelines include low-volume HIIT as an alternative intervention
to some risk factors such as low cardiorespiratory capacity (VO2 max; [19]).
Despite that there is no consensus in the scientific community, low-volume
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HIIT is defined as any sub-maximal intensity physical effort alternating
with rest period, either passive or active, with a high intensity duration of
10 min or less per session [20]. This type of training intervention requires
less time commitment and could generate a greater enjoyment compared
to MICT [21,22]. However, the effect of low-volume HIIT on inflammatory
profile, a contributor to T2D-associated complication, remains to be
established and compared to the traditional MICT.

Hence, the objective of this study was to compare the effects of a 12-
week low-volume HIIT to MICT on the inflammatory profile of older
women with T2D. A secondary objective was to investigate if the expected
improvement of inflammatory profile would be associated to changes in
body composition and glucose control.

MATERIALS AND METHODS

Study Protocol

Data presented in the manuscript are part of a previously published
randomized two-arm parallel study comparing the effect of HIIT and MICT on
glycaemic control (Alc)[23,24]. Participants were randomized to one of two
groups: HIIT (75 min/week) or MICT (150 min/week). Participants were
recruited using the research centre recruitment database and during
conferences in local community organizations. After a screening phone call,
participants were invited at the Research Centre on Aging for three
preliminary visits. The first baseline visit consisted of the following measures:
(1) resting blood pressure; (2) anthropometry and body composition; (3) 12 h-
overnight fasting metabolic profile (lipid profile, glucose, insulin, Alc); (4)
explanation of the 3-day dietary record and 7-day accelerometer-estimated
energy expenditure. One week later, participants were invited to come back
for a second visit during which a cardiopulmonary exercise test (CPET) was
carried out to obtain medical clearance and determine exercise training
target heart rate. During the last preliminary visit, a dietician provided
individual advice for T2D management according to the current nutritional
guidelines [25], focusing on low-glycemic index diet. The sole purpose of this
meeting was to ensure that every participant had a similar level of knowledge
on the current guideline considering that most women had their diagnosis of
T2D more than 10 years ago. No food portion training was involved, and no
diet regimen was enforced. All measurements were performed before and
after the 12-week exercise intervention. This study was conducted according
to the guidelines laid down in the Declaration of Helsinki and all procedures
were approved by the Ethics Committee of the CIUSSS de I’Estrie-CHUS (2016-
574-IUGS; approval date: 2015-11-05). Written informed consent was obtained
from all participants before entering the study.

Participants

Thirty women with T2D, aged between 60 and 85 years old, were
recruited between January 2016 and September 2019 and randomized in
one of two groups: HIIT (n = 15) or MICT (n = 15). Participants had to be
non-smoker, none or light drinker (<1 alcoholic beverage/day), and
physically inactive (<75 min of structured exercise/week). Exclusion
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criteria were: (1) under hormonal replacement therapy; (2) insulin
therapy; (3) changes in medications in the last 6 months; (4) uncontrolled
hypertension (>140/90 mmHg); (5) uncontrolled lipid profile (total
cholesterol > 8 mmol/L; triglycerides > 10 mmol/L; LDL-C > 4 mmol/L); (6)
unstable weight in the last 6 months (+ 2.3 kg, i.e., 5 1bs); (7) physical
disability limiting the capacity to perform exercises; (8) diagnosed diabetic
nephropathy, retinopathy or neuropathy; (9) planned surgery during the
intervention; (10) coronary artery disease without revascularization,
peripheral arterial disease, venous thrombosis or pulmonary embolism
and cerebrovascular diseases (stroke) in the past 3 years.

Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing was performed on a treadmill using
the Ball State University-Bruce ramp protocol. The VO: max was
considered valid when at least two of the following criteria were met: (1)
respiratory exchange ratio > 1.10; (2) failure to increase heart rate (HR)
despite an increase in workload; (3) no further increase in VO, (<150
mL/min) despite an increased workload [26]. Otherwise, the highest value
of oxygen consumption reached was considered as the VO, peak. A breath-
by-breath system (Ergocard; Medisoft, Sorinnes, Belgium) was used to
measure gas exchange. All CPET were supervised by a clinician and an
exercise physiologist [27]. Heart rate was continuously monitored with a
12-lead electrocardiogram (Quinton Q-stress, Quinton Inc., Bothell,
Washington, USA) and the highest value was recorded to calculate heart
rate reserve (HRR) to prescribe exercise intensity. For individuals with
beta-adrenergic blocking agents, CPET were conducted in the morning at
the same time of the planned exercise sessions.

Exercise Interventions

Exercise interventions were performed on treadmill (Life Fitness, Club
Series, FlexDeck®; Rosemont, Illinois, USA), usually 1 h after breakfast on
non-consecutive days, three times per week for a total of 12 weeks. All
exercise sessions were performed in the dedicated training room at the
Research Centre on Aging and were supervised by an exercise physiologist.
All details on HIIT and MICT training protocol were previously reported
following the Consensus on Exercise Reporting Template [23,24]. Briefly,
women in the HIIT group performed 75 min/week of HIIT (6 x 1 min at 90%
HRR/session with active 2-min recovery at 45% HRR), while women in the
MICT group performed 150 min/week (45 min at 60% HRR/session). The
HIIT protocol was developed to elicit half the workload compared to MICT
as it was also half of the time commitment. HR was continuously
monitored with a Polar H7 Bluetooth HR monitor paired with the Polar
Club app (Polar, Kempele, Finland) on an IPad (Apple, Cupertino, CA, USA)
during all training sessions.

Inflammatory Profile

Fasting inflammatory profile was obtained (12 h fast) from blood
samples collected in the ante-cubital vein in EDTA tubes (Vacutainer, K2
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EDTA 7.2 mg) by a qualified research nurse. Blood samples were then
centrifuged during 10 minutes at 4 °C at 1000 x g. Plasma was aliquoted
and subsequently frozen at -80 °C until analysis. Pro-inflammatory
cytokines (IL-6, IL-1B, IL-15, MCP-1, TNF-a) and anti-inflammatory
cytokines (IL-10, IL-1ra) were measured before and after the 12-week
intervention. Circulating cytokines concentrations were determined using
human-specific multiplex cytokine immunoassays (EMD Millipore
Milliplex, HCYTOMAG-60K) on a Luminex?? with XMAP (multi-analyte
platform) technology systems (Luminex Corporation, Austin, TX)
according to the manufacturer’s instructions. All measurements were
performed in duplicate and averaged, with pre- and post-intervention
samples measurements performed within the same plate. The intra-assay
coefficients of variation were between 0.67% and 1.56% for all cytokines.

Anthropometrics and Body Composition

Body weight (+ 0.2 kg) and height (+ 0.1 cm) were measured with an
electronic scale (SECA 707, Hamburg, Germany) and a wall stadiometer
(Takei, Tokyo, Japan), respectively. Lean body mass, fat mass and visceral
adipose tissue were estimated by using body dual X-ray absorptiometry
(iDXA, GE Healthcare, Chicago, IL, USA) with the EnCORE Version 16
software. In our laboratory, test-retest coefficient of variation is 1.9% for
fat mass and 1.2% for lean body mass in 100 individuals. Finally, waist
circumference was assessed at the midpoint between the inferior costal
border and the iliac crest [28].

Fasting Cardiometabolic Profile

A total of 12 mL of blood was collected to measure Alc, insulin, glucose,
and lipid profile, and were analyzed by the CHUS biochemistry laboratory
using enzymatic and immunologic methods. All blood samples were
obtained after a 12-h overnight fast and at least 72 h after the last training
session at the end of the intervention. Participants were asked to restrict
themselves from exercising and moderate-to-vigorous physical activity in
the previous 24 h and from consuming alcohol in the previous 48 h.
Systolic and diastolic blood pressure were measured with an automatic
blood pressure monitor (Spot Vital Signs LXi, Welch Allyn Inc., NY, USA)
on the left arm. The measure was taken after 5 min of rest in a sitting
position.

Macronutrient Intakes

Participants were asked to complete a 3-day dietary diary with the use
of a food scale the week before and after the intervention to assess dietary
habits [29]. Estimated total energy, carbohydrate, lipid, protein, and fiber
intakes were estimated by using Nutrific software (Laval University,
Sainte-Foy, Quebec, Canada).

Estimated Physical Activity and Energy Expenditure Levels

Physical activity levels were estimated using the Physical Activity Scale
for the Elderly questionnaire [30]. This self-administered questionnaire
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uses a scoring between 0 and 793 to evaluate occupational, leisure and
physical activity levels. A higher score means a higher level of physical
activity. Participants were also asked to wear an accelerometer (Actical
Philips Respironics, Bend, OR, USA) for 7 consecutive days during the week
before and after the intervention. Data were collected at a sampling rate
of 30 Hz using a 15-s epoch length. To be considered valid, the
accelerometer had to be waist-worn at the left anterior axillary line with
data collected for at least 5 days with a wear time of over 10 h per day. A
physical activity log was also filled out by the participants during this same
period for control purposes. Energy expenditure was estimated from
accelerometer data, using Actical's Z software (Actical Philips Respironics,
Bend, OR, USA), which converted activity count data into minute-by-
minute energy expenditure.

Statistical Analyses

Statistical power calculation was based on Alc changes rather than in
inflammatory profile considering that the main objective of the previously
published study was to assess the effect of a 12-week intervention of either
HIIT or MICT on glycemic control (Alc). The normality of data was
assessed with visual inspection of the quartile histograms and Q-Q plots as
well as the Shapiro-Wilk test in total sample and in both groups separately.
The baseline comparison between HIIT and MICT was performed using
independent T-tests or Mann-Whitney U tests when data were not
normally distributed. Inflammatory profile and glycemic control (Alc)
were analyzed using non-parametric procedures. Wilcoxon tests were
used to assess the effect of the 12-week intervention in each group and
Mann-Whitney U tests to compared changes (delta; A = post-intervention
value - pre-intervention value) between groups. Spearman Rho
correlations were used to investigate the association between
inflammatory profile, body composition (total fat mass) and glycemic
control (Alc). Linear regression was also performed to assess the
proportion of variance explained by independent variables. Other
normally distributed variables (body composition, energy intake and
expenditure as well as macronutrient intake) were analyzed using
repeated measures ANOVA (2 groups x 2 measures). Mauchly’s test of
sphericity was automatically respected because there are only two levels
of comparison. Analyses were performed using SPSS IBM 22.0 and the
significance threshold was set at p < 0.05. Nevertheless, the p-value was
not be solely interpreted as a dichotomous manner (significant or not), but
rather as a continuous value [31]. Data are presented as medians
[interquartile range; IQR], unless mentioned otherwise.

RESULTS

Participant’s Characteristics

A total of 27 participants completed the study and had available data
for the inflammatory profile (HIIT: n = 13 and MICT: n = 14; Figure 1). At
baseline, both groups had similar characteristics (all p > 0.05; Table 1),
apart from a higher fasting glucose in the MICT group (p = 0.015).
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Figure 1. The CONSORT flow chart (from screening to the study analyses). CPET= cardiopulmonary exercise
testing; HIIT= high-intensity interval training; MICT= moderate intensity continuous training.

Table 1. Participants baseline characteristics.

Baseline characteristics

Total sample (n = 27)

HIIT (n = 13) MICT (n = 14)
Age (years) 67.8 [64.5-70.8] 68.2 [64.5-70.4]
Duration of T2D (years) 10.0 [7.0-16.0] 10.0 [3.5-12.0]
BMI (kg/m?) 31.5[28.2-38.8] 33.0 [27.8-40.5]

Waist circumference (cm)

105.5 [99.1-110.0]

113.5 [99.3-120.1]

Fasting glucose (mmol/L)

7.0 [5.8-8.2]

8.2[6.1-9.5] f

Alc (%)

6.6 [6.1-7.4]

7.0 [6.4-7.5]

Total cholesterol (mmol/L)

4.01 [3.19-4.14]

3.55[3.34-4.43]

LDL-cholesterol (mmol/L)

1.94 [1.34-2.42]

1.64 [1.38-2.49]

HDL-cholesterol (mmol/L)

1.26 [1.03-1.68]

1.06 [0.98-1.54]

TG (mmol/L)

1.13[0.71-1.48]

1.53[1.24-2.19]

Systolic BP (mmHg) 128.0 [116.5-135.5] 129.5 [122.0-137.5]
Diastolic BP (mmHg) 77 [73.0-78.5] 77.5 [72.8-79.8]
VO; peak (mL/kg/min) 17.8 [15.3-20.6] 17.8 [15.3-19.8]
Medication (n) 6.0 [4.0-9.0] 6.0 [4.0-7.0]
Glucose lowering medication [n (%)] | 13 (100) 14 (100)
Hypotensive medication [n (%)] 13 (100) 14 (100)

Lipid lowering medication [n (%)] 13 (100) 14 (100)

Data are presented as median [interquartile range] and N (%) for the medication; BMI = body mass index; HIIT = high
intensity interval training; MICT= moderate intensity continuous training; Alc = glycated hemoglobin; LDL = low-density
lipoprotein; HDL = high-density lipoprotein; TG = triglycerides; BP = blood pressure. ' Significant difference between

HIIT and MICT for fasting glucose (p = 0.015).
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Table 2. Energy intake and macronutrient consumption before and after intervention for HIIT and MICT.

Energy intake and expenditure HIIT (N = 13) MICT (N = 11) p-value p-value
Before After Before After Time Time x Group
Total energy intake (kcal) 1570 + 326 1539 + 386 1662 + 313 1657 +193 0.801 0.854
Carbohydrate (g) 185+ 54 183+ 44 181+ 50 187 + 47 0.881 0.736
Fat (g) 64 + 14 61 +21 74 £ 17 70 £ 18 0.381 0.951
Protein (g) 69 + 11 7117 75+ 15 73 +19 0.951 0.660
Fiber (g) 21+11 22+8 20+8 20+ 10 0.527 0.730
Energy expenditure (kcal) * 352 + 260 336 + 152 360 + 121 438 + 108 0.679 0.537

Data are presented mean + SD; Value are the mean of the 3 days of dietary record; * data for accelerometer were only available for 10 individuals (HIIT = 6; MICT = 4).

Table 3. Inflammatory profile before and after HIIT and MICT intervention.

Inﬂammatory HIIT (N = 13) MICT (N = 14) Time effect p_ Delta comparison p_
profile Before After Before After value value
160.9 [133.5-230.2] 187.88 [155.3-237.3] 188.9 [122.6-276.2] 190.2 [144.4-241.6] HIIT: 0.023
MCP-1 (pg/mL) 0.031
(176.9 + 51.3) (212.0 £ 93.1) (199.2 + 87.6) (201.1 £ 95.2) MICT: 0.594
0.40 [0.27-0.92] 1.04 [0.46-1.41] 0.80[0.38-1.80] 0.66 [0.36-1.75] HIIT: 0.388

IL-6 (pg/mL) 0.462
(0.94 +1.33) (1.14 £ 0.85) (1.14 £ 1.0) (1.18 £ 1.14) MICT: 0.753
0.56 [0.30-1.19] 0.49 [0.35-2.37] 0.74 [0.29-3.37] 0.65 [0.36-2.77] HIIT: 0.594

IL-8 (pg/mL) 0.733
(0.75 + 0.60) (1.35+1.64) (1.77 + 1.66) (1.76 £ 2.19) MICT: 0.917
0.81 [0.00-13.27] 0.71 [0.00-5.95] 6.46 [0.50-15.82] 1.34 [0.00-13.22] HIIT: 0.401

IL-10 (pg/mL) 0.769
(6.02 £9.01) (3.32 £5.34) (12.08 + 18.28) (8.99 +14.13) MICT: 0.182
4.62 [0.68-9.84] 0.81 [0.24-6.48] 4.08 [1.96-8.05] 3.77 [2.08-10.28] HIIT: 0.484

IL-15 (pg/mL) 0.867
(5.48 +5.43) (3.65 +5.22) (5.76 £ 5.94) (5.77 + 4.85) MICT: 0.672
22.66 [7.27-50.57] 12.53 [5.83-44.96] 37.66 [13.29-37.66] 41.70 [12.90-171.50] HIIT: 0.196

IL-1ra (pg/mL) 0.830
(48.64 +79.29) (45.33 + 80.92) (109.4 + 167.4) (102.1 + 155.3) MICT: 0.221
1.31 [0.000-4.89] 0.34 [0.00-1.69] 0.78 [0.29-4.02] 0.78 [0.24-5.34] HIIT: 0.674

IL-1pB (pg/mL) 0.225
(2.49 + 3.46) (1.61 + 3.65) (3.30 £5.47) (4.40 + 7.60) MICT: 0.203
5.92 [4.33-18.81] 11.03 [4.10-22.99] 9.71 [5.52-19.33] 8.13 [5.71-18.76] HIIT: 0.753

TNF-a (pg/mL) 0.583
(12.41 +£13.47) (15.19 + 15.49) (12.85 + 8.76) (12.15 + 8.86) MICT: 0.753

Data are presented as median [interquartile range] and (mean + SD) below; HIIT= high intensity interval training; MICT = moderate intensity continuous training; MCP1 = monocyte chemoattractant protein 1; IL =

interleukin; TNF-a = tumor necrosis factor alpha. Bold= significant difference.
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Change in Body Composition, Glycemic Control and in Energy Intake
and Expenditure

Full data on body composition and glycemic control changes can be
found elsewhere [23]. Total fat mass (FM) significantly decreased
compared to baseline value (MICT = 33.6 [26.4-43.6] to 31.6 [26.2-44.0] kg;
HIIT = 32.1 [26.9-42.3] to 29.4 [26.1-41.0] kg; p = 0.006), without interaction
between groups (p = 0.799). Estimated visceral adipose tissue and total lean
body mass remained unchanged (p > 0.299). Glycemic control, measured
by Alc, significantly decreased after the intervention in MICT (7.0 [6.4-7.5]
to 6.7 [5.9-7.2]%; p = 0.014); while it did not reach significance in HIIT (6.5
[6.0-7.5] to 6.3 [5.8-7.4]%; p = 0.411). There was no change in estimated
total energy expenditure, total energy intake or macronutrient intake
after the intervention (p > 0.38), and no interaction between groups (p >
0.54; Table 2).

Effect of HIIT and MICT on Fasting Inflammatory Profile

At baseline, fasting inflammatory profile was not different between
groups (p > 0.190). As shown in Table 3, fasting cytokine levels remained
unchanged in MICT (p > 0.182), while an increase in fasting MCP-1
concentrations was observed in HIIT group (p = 0.023). Comparison of
changes (A) in MCP-1 levels showed a significant difference between
groups (p = 0.031), with an increase in HIIT only (+ 27.2 [-10.1-75.1] pg/mL).

Association between Changes in Body Composition, Metabolic
Profile, and Inflammatory Profile

There was no correlation between AMCP-1 levels and A total fat mass (r
=0.12; p=0.57) or A estimated visceral adipose tissue (r =-0.07; p = 0.78). A
positive correlation was observed between AAlc and A MCP-1 (r=0.49; p =
0.018), meaning that a greater reduction in Alc was associated to a higher
reduction of MCP-1 concentrations. Linear regression showed a positive
association between A MCP-1 and AA1lc (adjusted r? = 0.20, p = 0.018; Figure
2). After including A FM in the model, Alc remained statistically significant
(adjusted r* = 0.11, p = 0.048), while FM was not (p = 0.987).
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Figure 2. Correlation between Alc change and MCP-1 change. Alc = glycated hemoglobin; MCP-1 =
Monocyte chemoattractant protein 1. Individuals outside of the blue section reached the Minimal Clinically
Important Difference (MCID) for Alc (0.3%); Grey diamond dot = MICT; Black circle dot = HIIT.

DISCUSSION

The objective of this study was to compare a 12-week low-volume HIIT
and MICT on inflammatory profile markers in older unfit women with T2D
and determine if it would be associated with changes in body composition
and glucose control. Despite a reduction in fat mass and Alc, no change
was observed in inflammatory profile, except for an increase in MCP-1
levels in the HIIT group. Although the effectiveness of HIIT (either low or
high volume) to modify systemic levels of inflammatory markers remains
unclear in T2D individuals, the results of this study differ from the global
improvement reported in response to HIIT in adults with metabolic
disorders [14]. The main difference with these studies is either the volume
or the intensity. As an example, a reduction of fasting IL-6 concentrations
was reported after 10 weeks of low-volume sprint interval training (4 x 30
s/3 days per week) performed at maximal intensity [32] or after 24 weeks
of high volume HIIT (3 series of 10 x 60 s/3 days per week) in middle age
individuals with T2D and obesity [33]. This discrepancy suggests that low-
volume HIIT may not represent a sufficient stimulus to reduce pro-
inflammatory cytokines concentrations. Knowing the previously reported
role of the selected cytokines in T2D pathogenesis (IL-6, IL1p, IL-8, IL-10,
and IL-15 [7,34-36]) or their association with a poor glycemic control
(MCP-1 [8]), low-grade inflammation was expected in our study population.
However, participants baseline IL-6 and MCP-1 concentrations were
similar to what was reported by Banitalebi et al. [32] after low-volume
sprint interval training (=1.20 pg/mL and 200 pg/mL, respectively),
suggesting an absence of low-grade inflammation at baseline, and
therefore, a limited potential for improvement. This hypothesis is also
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supported by the fact that participants of the present study had a less
deteriorated lipid profile compared to the study of Zadeh et al. [33], which
is a known factor that contribute to the risk of chronic inflammation [37].

Although not expected, an increase in MCP-1 levels was observed after
12 weeks of low-volume HIIT. It was previously reported that a single-bout
of low-volume HIIT (8 x 60 s) can increase MCP-1 levels in the following
hours [38], therefore blood samples were collected at least 72 h after the
last exercise session to limit the risk of an acute effect of exercise. However,
post-intervention MCP-1 levels in the HIIT group were similar to the
baseline levels of the MICT group. Moreover, these values are considered
in the normal range of what could be expected in healthy individuals [39].
As a result, we hypothesized that the rise in MCP-1 levels in the HIIT group
might simply be attributable to natural variation, which allows the value
to return in normal range.

Because MCP-1 concentration was previously associated to body mass
index (BMI) and acts as a potent chemoattractant for pro-inflammatory
monocytes, it has a key role in low-grade inflammation in adipose tissue,
a condition suggested to be involved in the T2D pathophysiology [7].
Therefore, it was expected that MCP-1 levels would be associated to fat
mass in women with T2D. The fact that we did not observe low-grade
inflammation, albeit all women had T2D, suggests that there was no
inflammation in adipose tissue, and thus probably a low gene expression
of MCP-1. While the absence of low-grade inflammation in T2D individuals
could be surprising, it may explain the absence of association between
MCP-1 levels and fat mass, which is usually more the reflection of
abdominal adipose tissue dysfunction (i.e., meta-inflammation) often
observed in individuals with T2D.

Further analyses indicated that changes in Alc was positively
associated with changes in MCP-1 levels, meaning that an Alc decrease is
associated with a reduced MCP-1 concentrations. Changes in Alc
explained 20.3% of the variance of MCP-1 concentrations, while including
total fat mass in the model reduced the percentage of the variance
explained in our statistical model to 11.3%. These results are in line with
other studies showing that MCP-1 concentrations are closely associated to
glycemic control and hyperglycemia [8,40-42]. Therefore, in individuals
with T2D displaying higher risk of cardiovascular disease, finding the
optimal exercise modalities that can improve glycemic control and reduce
hyperglycemia to a greater extend is important.

A recent meta-analysis including five randomized controlled trials
revealed that IL-6 concentrations can be reduced by -0.91 pg/mL (95% CI;
-1.47 to -0.35 pg/mL; I* = 89.8%) in response to MICT. Most of the inter-
individual variability observed could be explained by the total number of
sessions performed and weekly exercise volume [10]. Combined with the
absence of low-grade inflammation, the shorter intervention duration (36
sessions) of the present study could partially explain the absence of change
in different inflammatory makers. It is critical to draw attention to the fact
that the women in this study had poor aerobic capacity. Therefore, the
lower absolute physiological stress of exercise during the intervention in
both groups could also partially explained the lack of improvement. Other
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limitations such as the smaller sample size and the exclusion of men
should also be noted when interpreting the result, which may limit the
generalizability of these data.

Despite this limitation, this study was strengthened by the use of a
walking protocol and submaximal intensity (<100% VO; peak) compared
to most of the studies that have used sprint interval training on ergocycle.
Knowing that walking is considered one of the favorite activity by the
elderly [43] and that submaximal intensity is associated with a greater
affective valence compared to supra-maximal exercise intensity [44,45],
further studies investigating different walking HIIT protocol modalities
are needed. HIIT protocol modalities are needed to establish what the
minimal number of sessions and HIIT volume are required to reduce
inflammatory profile in older women with uncontrolled T2D.

CONCLUSIONS

In older women with controlled T2D and no low-grade inflammation, a
12-week intervention of low-volume HIIT or MICT did not modify the
fasting inflammatory profile. The increase in systemic MCP-1 levels and its
association with glycemic control suggest that exercise modalities that
could improve Alc should be prioritized considering that it could mitigate
T2D-related inflammation in aging women. These findings contribute to
the growing body of scientific evidence suggesting that low-grade
inflammation is not a systematic phenomenon that occur in the elderly
population, even in the presence of comorbidities like T2D and obesity.

AUTHOR CONTRIBUTIONS

PB, MB, JAM, I]D, M-FL and ER designed the study. AM-C, RT, MM-M and
DT were in charge of data collection and trained all the participants during
the intervention. DT, PB and WM were overseeing the cardiopulmonary
exercise testing for the medical clearance. M-FL was the endocrinologist
in charge of supporting the research team with more complex cases. RT
and ER performed the lab analysis for the inflammatory profile. AM-C
analyzed the data and wrote the paper. All authors reviewed the
manuscript.

CONEFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

FUNDING

This study was supported by the Quebec Network for Research on
Aging and the Faculty of physical activity sciences of the University of
Sherbrooke. IJD is the holder of the Canada Research Chair in Exercise
Recommendations for Healthy Aging. RT, DT, and M-MM were supported
by Fonds de Recherche du Québec en Santé (FRQ-S). AM-C was supported
by the Canadian Institutes of Health Research (CIHR).

Adv Geriatr Med Res. 2022;4(3):e220007. https://doi.org/10.20900/agmr20220007



https://doi.org/10.20900/agmr20220007

Advances in Geriatric Medicine and Research 13 of 16

ACKNOWLEDGMENTS

We would like to thank all participants and the research nurse, Mrs.

Marie-Christine Morin, for her professional support as well as Mrs. Audrey
Perreault for her professional support during wet lab analyses.

REFERENCES

1.

10.

11.

12.

Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes
mellitus and its complications. Nat Rev Endocrinol. 2018 Feb;14(2):88-98.
Peters SAEE, Huxley RR, Sattar N, Woodward M. Sex Differences in the Excess
Risk of Cardiovascular Diseases Associated with Type 2 Diabetes: Potential
Explanations and Clinical Implications. Curr Cardiovasc Risk Rep.
2015;9(7):36.

Fan W, Song Y, Inzucchi SE, Sperling L, Cannon CP, Arnold SV, et al. Composite
cardiovascular risk factor target achievement and its predictors in US adults
with diabetes: The Diabetes Collaborative Registry. Diabetes, Obes Metab.
2019 May;21(5):1121-7.

Henstridge DC, Abildgaard ], Lindegaard B, Febbraio MA. Metabolic control
and sex: A focus on inflammatory-linked mediators. Br ] Pharmacol. 2019
Nov;176(21):4193-207.

Mrgan M, Gram ], Hecht Olsen M, Dey D, Linde Ngrgaard B, Gram ], et al. Sex
differences in coronary plaque composition evaluated by coronary computed
tomography angiography in newly diagnosed Type 2 diabetes: association
with low-grade inflammation. Diabet Med. 2018 Nov;35(11):1588-95.

Saltevo ], Kautiainen H, Vanhala M. Gender differences in adiponectin and
low-grade inflammation among individuals with normal glucose tolerance,
prediabetes, and type 2 diabetes. Gend Med. 2009 Sep;6(3):463-70.
Tsalamandris S, Antonopoulos AS, Oikonomou E, Papamikroulis GA, Vogiatzi
G, Papaioannou S, et al. The role of inflammation in diabetes: Current
concepts and future perspectives. Eur Cardiol. 2019 Apr; 14(1): 50-59.
Papatheodorou K, Papanas N, Papazoglou D, Gioka T, Antonoglou C, Glaros D,
et al. Monocyte chemoattractant protein 1 is correlated with glycemic control
and peripheral arterial disease in type 2 diabetic patients with metabolic
syndrome. Angiology. 2013 Apr;64(3):223-9.

Thorand B, Baumert ], Doring A, Herder C, Kolb H, Rathmann W, et al. Sex
differences in the relation of body composition to markers of inflammation.
Atherosclerosis. 2006 Jan 1;184(1):216-24.

Hayashino Y, Jackson JL, Hirata T, Fukumori N, Nakamura F, Fukuhara S, et
al. Effects of exercise on C-reactive protein, inflammatory cytokine and
adipokine in patients with type 2 diabetes: a meta-analysis of randomized
controlled trials. Metabolism. 2014 Mar 1;63(3):431-40.

Krause M, Rodrigues-Krause ], O’Hagan C, Medlow P, Davison G, Susta D, et al.
The effects of aerobic exercise training at two different intensities in obesity
and type 2 diabetes: Implications for oxidative stress, low-grade
inflammation and nitric oxide production. Eur ] Appl Physiol. 2014
Feb;114(2):251-60.

You T, Berman DM, Ryan AS, Nicklas BJ. Effects of hypocaloric diet and
exercise training on inflammation and adipocyte lipolysis in obese
postmenopausal women. J Clin Endocrinol Metab. 2004 Apr;89(4):1739-46.

Adv Geriatr Med Res. 2022;4(3):e220007. https://doi.org/10.20900/agmr20220007



https://doi.org/10.20900/agmr20220007

Advances in Geriatric Medicine and Research 14 of 16

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dekker M]J, Lee S], Hudson R, Kilpatrick K, Graham TE, Ross R, et al. An
exercise intervention without weight loss decreases circulating interleukin-6
inlean and obese men with and without type 2 diabetes mellitus. Metabolism.
2007 Mar;56(3):332-8.

Khalafi M, Symonds ME. The impact of high-intensity interval training on
inflammatory markers in metabolic disorders: A meta-analysis. Scand ] Med
Sci Sport. 2020 Jul 13;2020-36.

Steckling FM, Farinha ]JB, da Cunha Figueiredo F, Dos Santos DL, Bresciani G,
Kretzmann NA, et al. High-intensity interval training improves inflammatory
and adipokine profiles in postmenopausal women with metabolic syndrome.
Arch Physiol Biochem. 2019 Jan;125(1):85-91.

Catalano KJ, Maddux BA, Szary ], Youngren JF, Goldfine ID, Schaufele F.
Insulin resistance induced by hyperinsulinemia coincides with a persistent
alteration at the insulin receptor tyrosine kinase domain. PLoS One. 2014 Sep
26;9(9):€108693.

Oosterom N, Gant CM, Ruiterkamp N, Beijnum BJFV, Hermens H, Bakker SJL,
et al. Physical activity in patients with type 2 diabetes: The case for objective
measurement in routine clinical care. Diabetes Care. 2018 Apr;41(4):e50-1.
Costello E, Kafchinski M, Vrazel ], Sullivan P. Motivators, barriers, and beliefs
regarding physical activity in an older adult population. J Geriatr Phys Ther.
2011 Jul;34(3):138-47.

Sigal R], Armstrong MJ, Bacon SL, Boulé NG, Dasgupta K, Kenny GP, et al.
Physical Activity and Diabetes. Can J Diabetes. 2018;42:554-63.

Gibala M], Gillen ]B, Percival ME. Physiological and Health-Related
Adaptations to Low-Volume Interval Training: Influences of Nutrition and Sex.
Sports Med. 2014 Nov;44(Suppl 2):5127-37.

Niven A, Laird Y, Saunders DH, Phillips SM. A systematic review and meta-
analysis of affective responses to acute high intensity interval exercise
compared with continuous moderate- and high-Intensity exercise. Health
Psychol Rev. 2021;15(4):540-73.

Tavares VD de O, Schuch FB, Tempest G, Parfitt G, Oliveira Neto L, Galvéo-
Coelho NL, et al. Exercisers’ Affective and Enjoyment Responses: A Meta-
Analytic and Meta-Regression Review. Percept Mot Skills. 2021 Oct
1;128(5):2211-36.

Marcotte-Chénard A, Tremblay D, Mony M-M, Boulay P, Brochu M, Morais JJA,
et al. Acute and chronic effects of low-volume high-intensity interval training
compared to moderate-intensity continuous training on glycemic control in
older women with type 2 diabetes. Obesities. 2021;1(2):72-87.
Marcotte-Chénard A, Tremblay D, Mony MM, Brochu M, Dionne IJ, Langlois
MEF, et al. Low-volume walking HIIT: Efficient strategy to improve physical
capacity and reduce the risk of cardiovascular disease in older women with
type 2 diabetes. Diabetes Metab Syndr Clin Res Rev. 2021 Sep;15(5):102233.
Diabetes Canada Clinical Practice Guidelines Expert Committee; Sievenpiper
JL, Chan CB, Dworatzek PD, Freeze C, Williams SL. Nutrition Therapy. Can J
Diabetes. 2018;42(4):564-79.

Dalleck LC, Tischendorf JS. ACSM's Guidelines for Exercise Testing and
Prescription. Indianapolis (IN, US): American College of Sports Medicine
(ACSM); 2012.

Adv Geriatr Med Res. 2022;4(3):e220007. https://doi.org/10.20900/agmr20220007



https://doi.org/10.20900/agmr20220007

Advances in Geriatric Medicine and Research 15 of 16

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kaminsky LA, Whaley MH. Evaluation of a new standardized ramp protocol:
The BSU/Bruce Ramp protocol. ] Cardiopulm Rehabil. 1998;18(6):438-44.
Higgins PB, Comuzzie AG. Measures of waist circumference. In: Handbook of
Anthropometry: Physical Measures of Human Form in Health and Disease.
New York (US): Springer; 2012. p. 881-91.

Lihrmann PM, Herbert BM, Gaster C, Neuhduser-Berthold M. Validation of a
self-administered 3-day estimated dietary record for use in the elderly. Eur ]
Nutr. 1999;38(5):235-40.

Washburn RA, Smith KW, Jette AM, Janney CA. The physical activity scale for
the elderly (PASE): Development and evaluation. J Clin Epidemiol. 1993 Feb
1;46(2):153-62.

Wasserstein RL, Schirm AL, Lazar NA. Moving to a World Beyond “p < 0.05.”
Am Stat. 2019;73(sup1):1-19.

Banitalebi E, Kazemi AR, Faramarzi M, Nasiri S, Haghighi MM. Effects of
sprint interval or combined aerobic and resistance training on myokines in
overweight women with type 2 diabetes: A randomized controlled trial. Life
Sci. 2019 Jan;217:101-9.

Asle Mohammadi Zadeh M, Kargarfard M, Marandi SM, Habibi A. Diets along
with interval training regimes improves inflammatory & anti-inflammatory
condition in obesity with type 2 diabetes subjects. ] Diabetes Metab Disord.
2018 Dec;17(2):253-67.

Sanchez-Jiménez R, Alvarado-Vasquez N. IL-15 that a regulator of TNF-a in
patients with diabetes mellitus type 2. Med Hypotheses. 2013;80(6):776-7.
Cimini FA, Barchetta I, Porzia A, Mainiero F, Costantino C, Bertoccini L, et al.
Circulating IL-8 levels are increased in patients with type 2 diabetes and
associated with worse inflammatory and cardiometabolic profile. Acta
Diabetol. 2017 Oct;54(10):961-7.

Naz S, Shafique N, Sharif S, Manzoor F, Safi SZ, Firasat S, et al. Association of
Interleukin 10 (IL-10) Gene with Type 2 Diabetes Mellitus by Single Nucleotide
Polymorphism of Its Promotor Region G/A 1082. Crit Rev Eukaryot Gene Expr.
2020;30(4):285-89.

Nicholas DA, Proctor EA, Agrawal M, Belkina AC, Van Nostrand SC,
Panneerseelan-Bharath L, et al. Fatty Acid Metabolites Combine with Reduced
B Oxidation to Activate Th17 Inflammation in Human Type 2 Diabetes. Cell
Metab. 2019 Sep 3;30(3):447-61.e5.

Zwetsloot KA, Nieman DC, Knab A, John CS, Lomiwes DD, Hurst RD, et al. Effect
of 4 weeks of high-intensity interval training on exercise performance and
markers of inflammation and oxidative stress. FASEB J. 2017;31(S1):839.1.
Bldha V, Andrys C, Smahelova A, Knizek ], HySpler R, Solichova D, et al. Effect
of atorvastatin on soluble CD14, CD40 Ligand, sE- and sP-selectins and MCP-1
in patients with type 2 diabetes mellitus: Relationship to cholesterol turnover.
Pharmacol Res. 2006 Dec 1;54(6):421-8.

Kiyici S, Erturk E, Budak F, Ersoy C, Tuncel E, Duran C, et al. Serum Monocyte
Chemoattractant Protein-1 and Monocyte Adhesion Molecules in Type 1
Diabetic Patients with Nephropathy. Arch Med Res. 2006 Nov;37(8):998-1003.
Radhakrishnan P, Srikanth P, Seshadri KG, Barani R, Samanta M. Serum
monocyte chemoattractant protein-1 is a biomarker in patients with diabetes
and periodontitis. Indian ] Endocrinol Metab. 2014 Jul;18(4):505-10.

Adv Geriatr Med Res. 2022;4(3):e220007. https://doi.org/10.20900/agmr20220007



https://doi.org/10.20900/agmr20220007

Advances in Geriatric Medicine and Research 16 of 16

42.

43.

44.

45.

Mine S, Okada Y, Tanikawa T, Kawahara C, Tabata T, Tanaka Y. Increased
expression levels of monocyte CCR2 and monocyte chemoattractant protein-
1 in patients with diabetes mellitus. Biochem Biophys Res Commun. 2006
Jun;344(3):780-5.

Amireault S, Baier JM, Spencer JR. Physical activity preferences among older
adults: A systematic review. ] Aging Phys Act. 2018 Oct 25;1-12.

Ekkekakis P, Lind E, Vazou S. Affective responses to increasing levels of
exercise intensity in normal-weight, overweight, and obese middle-aged
women. Obesity. 2010 Jan;18(1):79-85.

Ekkekakis P, Parfitt G, Petruzzello S]. The pleasure and displeasure people feel
when they exercise at different intensities: Decennial update and progress
towards a tripartite rationale for exercise intensity prescription. Sport Med.
2011;41(8):641-71.

How to cite this article:

Marcotte-Chénard A, Tremblay R, Mony M-M, Tremblay D, Boulay P, Morais JA, et al. Effects of Low-Volume High-
Intensity Interval Training Compared to Moderate-Intensity Continuous Training on Inflammatory Profile in Women
with Type 2 Diabetes. Adv Geriatr Med Res. 2022;4(3):e220007. https://doi.org/10.20900/agmr20220007

Adv Geriatr Med Res. 2022;4(3):e220007. https://doi.org/10.20900/agmr20220007



https://doi.org/10.20900/agmr20220007
https://doi.org/10.20900/agmr20220001

	ABBREVIATIONS
	INTRODUCTION
	MATERIALS AND METHODS
	Study Protocol
	Participants
	Cardiopulmonary Exercise Testing
	Exercise Interventions
	Inflammatory Profile
	Anthropometrics and Body Composition
	Fasting Cardiometabolic Profile
	Macronutrient Intakes
	Estimated Physical Activity and Energy Expenditure Levels
	Statistical Analyses

	RESULTS
	Participant’s Characteristics
	Change in Body Composition, Glycemic Control and in Energy Intake and Expenditure
	Effect of HIIT and MICT on Fasting Inflammatory Profile
	Association between Changes in Body Composition, Metabolic Profile, and Inflammatory Profile

	DISCUSSION
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	CONFLICTS OF INTEREST
	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES

