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Abstract
Background: Cardiovascular disease is the leading cause of mortality associated with diabetes, which is characterized by

chronic hyperglycemia. Low-carbohydrate diet has gained popularity as an intervention in patients with type 2 diabetes

mellitus, acting to improve glycemic profile and serum lipids. In its turn, exercise in hypoxia induces specific adaptations,

mostly modulated via hypoxia-induced transcription factor signaling cascade, which increases with exposure to altitude,

and promotes angiogenesis, glycogen supply, glucose tolerance, and raises GLUT-4 expression. Aim: Given that hyper-

glycemia decreases HIF-1α and it is better controlled when following a low-carbohydrate diet, this study aims to examine

the hypothesis that a combination of both low-carbohydrate diet and chronic exercise in hypoxia in type 2 diabetes mel-

litus is associated with improved glycemic control and cardiovascular parameters, whose protocol is described.

Methods: Patients with type 2 diabetes mellitus (n= 48) will be recruited and randomized into one of the three groups:

(a) Control group: Control diet (low-fat and moderate-carbohydrate diet)+ exercise in normoxia; (2) exercise in hypoxia

group: Control diet+ exercise in hypoxia; (3) intervention group: Low-carbohydrate diet (low-carbohydrate and high-fat

diet)+ exercise in hypoxia. Before and after 8 weeks of interventions, cardiopulmonary tests (Bruce protocol), body

composition and blood pressure will be evaluated. Blood samples will be collected to measure hypoxia-induced transcrip-

tion factor, C-reactive protein, glycemic and lipid profiles. Summary: This will be the first trial to examine the isolated

and combined effect of chronic exercise in hypoxia and low-carbohydrate diet in type 2 diabetes mellitus. This trial will

help to fill a significant research gap, guide future research and contribute to the combined nutrition and exercise

approach to type 2 diabetes mellitus.
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Introduction
The worldwide prevalence of type 2 diabetes mellitus
(T2DM) in adults has increased from ∼150 million
people in 2000 to >450 million in 2019, and is projected
to rise further to ∼700 million by 2045 (Ogurtsova et al.,
2022). Genetics and poor lifestyle behaviors, such as con-
sumption of a high-sugar diet and a sedentary lifestyle, can
have a predisposing influence on T2DM, which occurs at
varying rates in people of different racial and/or ethnic back-
grounds (Zhu et al., 2019). By definition, T2DM describes a
group of metabolic disorders characterized by high blood
glucose levels. People with T2DM are at an increased risk
of developing a number of serious, life-threatening health
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problems, resulting in higher medical care costs, reduced
quality of life, and increased mortality, mainly from cardio-
vascular diseases (Baena-Diez et al., 2016; Kelsey et al.,
2022).

It is consensual that diet is the key strategy for prevent-
ing and managing T2DM. However, controversy still exists
about the best dietary approach, namely the optimal macro-
nutrient composition. A low-carbohydrate diet (LCD) has
been proposed as a nutritional strategy with advantages in
controlling glucose homeostasis and improving cardiovas-
cular disease risk factors (Evert et al., 2019). Several
studies have demonstrated improvements in markers of gly-
cemic control and insulin sensitivity (Elhayany et al., 2010;
Jenkins et al., 2018; Miyashita et al., 2004), and in serum
lipids (Davis et al., 2009; Elhayany et al., 2010; Kirk
et al., 2008) with broad-spectrum carbohydrates LCD
(from 21 g daily up to 45% of daily energy intake). In add-
ition to a healthy diet, exercise has been considered a
cornerstone of T2DM therapy for many years (Colberg
et al., 2016; Joslin, 1916). It is well established that
regular physical activity is of paramount importance for
the management of T2DM, as it has beneficial effects on
the cardiometabolic risk factors involved in the develop-
ment of diabetes complications (American Diabetes, 2000).

Exercise in hypoxia (EH) has recently gained attention
from the scientific community as a valuable therapeutic
strategy (Millet et al., 2016). Actually, EH has been asso-
ciated with health benefits in chronic obstructive pulmonary
disease (Haider et al., 2009), coronary artery disease
(Burtscher et al., 2004) and obesity (Urdampilleta et al.,
2012). Chronic EH has been shown to influence some
important mechanisms related to glycemic control, such
as increasing hypoxia-induced transcription factor
(HIF-1α), the activity of oxidative enzyme, glycogen
supply, glucose tolerance and GLUT-4 expression
(Faramoushi et al., 2016). These specific adaptations
induced by hypoxia raise the question about the usefulness
of EH as a therapeutic intervention in T2DM, but the evi-
dence is still scarce.

HIF-1α appears to be a key element in the EH-induced
adaptations, regulating the expression of genes associated
with angiogenesis, such as vascular endothelial growth
factor, vascular endothelial growth factor (VEGF)
(Thangarajah et al., 2010). The low oxygen availability in
EH promote the production of HIF-1α to a greater extent
than when training under normoxia (sea-level) conditions
(Desplanches et al., 1993). On the other hand, a high
glucose environment impairs the activity of the HIF-1α.
Thus, it is theoretically possible that a combined effect of
LCD and EH works synergistically to improve T2DM,
compared to the single effect of EH intervention, but the
effectiveness of this hypothesis is currently unknown.

This article describes the protocol of a randomized,
single-blind and parallel-controlled clinical trial that will
evaluate the effects of chronic (8 weeks) EH, alone or com-
bined with an LCD, on glycemic control and cardiovascular
risk factors in patients with T2DM. The primary outcome of

this randomized clinical trial (RCT) is to determine the
effect of these interventions on hemoglobin A1c, while
the secondary aims are to assess the impact on fasting
blood glucose, plasma insulin and Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR), HIF1-α,
cardiovascular risk factors and body composition. Due to
a lack of well-conducted clinical trials, this study will
provide original insights and important practical outcomes
about EH and LCD interventions as non-pharmacological
treatment modality in T2DM.

This study aims to examine the hypothesis that a com-
bination of both LCD and chronic EH in patients with
T2DM is associated with improved glycemic control and
cardiovascular risk factors, whose protocol is described.

Material and methods
This article has been written in accordance with the SPIRIT
(Standard Protocol Items: Recommendations for
Interventional Trials) and CONSORT (Consolidated
Standards of Reporting Trials) guidelines (Chan et al.,
2013).

Study design and setting
This is an 8-week, controlled, single-blind, three-arm, par-
allel, RCT, which will take place at the Faculty of Nutrition
and Food Sciences and the Faculty of Sports of the
University of Porto, at the Exercise Medical Center
(CMEP) in Porto and at the Research Center in Sports
Sciences, Health Sciences and Human Development
(CIDESD) of the University of Maia. Participants will be
randomly assigned into three independent groups (n= 16,
in each) and the experimental design will consist of (a) pre-
intervention tests, (b) familiarization period, (c) experimen-
tal intervention and (d) post-intervention tests.

Eligibility criteria
To be included, participants must meet the following cri-
teria: (a) Individuals of either sex diagnosed with type 2 dia-
betes by their medical doctor for at least one year; (b)
hemoglobin A1c between 6.5% and 10%; (c) pharmaco-
logical regimen stabilized for at least three months; (d) pre-
vious participation in supervised exercise programs in the
last 6 months, and (e) absence of smoking in the last 6
months. Participants will be excluded if: (a) They are
insulin-dependent; (b) they have uncontrolled microvascu-
lar or macrovascular complications related to diabetes,
such as retinopathy, nephropathy, diabetic foot and athero-
sclerosis, diabetic cardiomyopathy or acute myocardial
infarction; (c) present other uncontrolled metabolic and vas-
cular comorbidities; (d) are sedentary or (e) have physical
limitation that prevent them from exercising. It is worth
mentioning that medications, including doses and sche-
dules, at baseline and changes throughout the study will
be evaluated and documented.
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Recruitment
The recruitment period for this study will end in September
2023. After sample size calculation and clinical trial regis-
tration, participants will be invited to participate in the
study through meetings, electronic and social media. The
participant’s timeline is shown in Figure 1.

Assignment of intervention
Participants confirmed as eligible will be randomized at a
ratio of 1:1:1 to each group in blocks of four participants
until complete the total number calculated (n= 48). A
computer-generated random numerical sequence will be
used for randomizing participants (Research Randomizer).
The principal researcher will generate the sequence and
conceal it in sealed, numbered opaque envelopes.
Participants will be allocated a sequential number upon
screening. The sealed envelope corresponding to the allo-
cated participant number will be opened on the first visit
by the principal researcher, and the participants will be allo-
cated, without knowing which group they will belong to. As
this is a single-blind study, blinding is not required for prin-
cipal researcher, only to participants. A Consolidated
Standards of Reporting Trials (CONSORT) flow chart out-
lining the study phases is displayed in Figure 2 (Moher
et al., 2001).

Interventions
Volunteers who meet the inclusion criteria will be asked to
sign a written informed consent before enrolment in the
trial, with the principal researcher. Participants will be ran-
domized into control (CTRL), EH or interventions (EH+
LCD) groups during 8 weeks. The CTRL group will
perform an exercise protocol in normoxia with a control
diet, and the other groups will perform the same exercise
protocol in hypoxia (simulated altitude – nitrogen dilution
method), following a control diet (EH) or an LCD (inter-
vention group). Thus, we will compare whether EH group
is more efficient than exercise in normoxia (CTRL group)
and, if by including a LCD (EH+LCD group) the effects
of EH group would be potentiated. We emphasize that
during all test, physical exercise professionals, nutritionist,
and doctors or nurses will be available.

Dietary plan
An individualized dietary plan will be prescribed for each
participant, using the software Dietbox®, version 7.0. The
energy content of the dietary plan will meet 100% of the
energy requirement for each participant, which will be esti-
mated by multiplying the resting metabolic rate obtained by
the Harris–Benedict equation, the most accurate at an indi-
vidual level for older adults (Cioffi et al., 2021), and by a
physical activity level, assessed using the International
Physical Activity Questionnaire (IPAQ short form, last 7

days, elderly, self-administered format). Participants will
be categorically rated into one of three levels of physical
activity – low, moderate or high (Lee et al., 2011).

The energy distribution by macronutrients of the control
diet of the CTRL and EH groups will be 60% from carbo-
hydrates, 20% from protein and 20% from fat. The LCD
will consist in 40% of energy from carbohydrates, 20%
from protein, and 40% from fat. Both diets will be based
emphasis on low-glycemic index foods and will limit satu-
rated fat to 10% of energy, to reflect conventional dietary
guidelines (Rodbard et al., 2007). We use the classification
of diets as (a) very low-carbohydrate: less than 26% of the
energy intake; (b) mild low-carbohydrate: 26%–45% of the
energy intake; and (c) high carbohydrate≥ 45% of the
energy intake (Silverii et al., 2020). Thus, we will
compare a mild LCD (EH+LCD group) to a high-
carbohydrate diet (EH group). Compliance with the
dietary plan will be assessed using weekly 24-h recalls.
Participants will meet individually with a nutritionist
twice within 8-week period to encourage adherence to the
dietary plan.

Exercise protocol
Both exercises in normoxia and in normobaric hypoxia at
3.000 m of simulated altitude, will take place 3 times per
week, during period intervention of 8 weeks, in a hypoxic
chamber at CMEP – Exercise Medical Center, Porto –
Portugal. The chamber allows to control O2 (11%–
20.97%), temperature (until 50 °C), humidity (until 80%)
and altitude (until 8000 m). Altitude rating can be defined
as (a) high altitude: 1.500–3.500 m; (b) very-high altitude:
3.500–5.500 m and (c) extreme altitude: Above 5.500 m,
over sea level (Mathew and Sharma, 2022).

Exercise sessions will consist of 45 min of moderate
aerobic exercise on a cycle ergometer and treadmill (Life
Fitness, Illinois, USA) and 15 min of strength training, as
recommended for this population (Bull et al., 2020).
Moderate exercise intensity, which is considered an effi-
cient strategy to improve cardiorespiratory and metabolic
health in T2DM (Gildea et al., 2021), will be defined
using 75% of the heart rate reserve, quantified in the pre-
intervention cardiopulmonary exercise test (CPET).
During each exercise session, heart rate and oxygen satur-
ation will be constantly monitored using a finger pulse
oximeter (Globus YM201, Milan, Italy). All exercise ses-
sions will take place at the same time of day (± 2 h) and
visits will be separated by at least 48 h of recovery.

Strategies to improve adherence
Participants will have the opportunity to obtain chauffeured
transport to each session and assessment locations at no
cost. A weekly session will be dedicated to clarifying
doubts about the diet plan with a nutritionist, and it will
also be possible to contact the nutritionist by telephone,
in order to facilitate access and adherence to the dietary

Kindlovits et al. 3



plan. A social media group will be created to facilitate
routine communication and remind participants of sched-
uled tasks. Throughout the study, the research team will
assess participant’s motivation and limitations. It is note-
worthy that all participants are aware of the opportunity
to attend the only clinic in Portugal that allows exercising
within a hypoxic environment, with multidisciplinary
supervision and free of charge.

Study outcomes
The main outcome will be hemoglobin A1c levels after 8
weeks of interventions. A set of secondary clinical out-
comes will include complete blood count with hemoglobin
and reticulocytes, fasting glucose, fasting insulin,
HOMA-IR, total-, LDL- and HDL-cholesterol levels, tri-
glycerides, C-reactive protein, serum HIF1-α levels, sys-
tolic and diastolic blood pressure, body composition,
cardiorespiratory and pulmonary gas-exchange variables.
These outcomes will be evaluated at baseline and at the
end of the study (eighth week), in all groups.

Biochemical analyses
Blood samples will be collected after fasting for 12 h, no
strenuous exercise in the last 24 h, and alcohol consumption

in the last 72 h. Glycemic profile, namely hemoglobin A1c
(%), fasting insulin (Uui/mL) and fasting glucose, and car-
diovascular risk factors, namely total-, LDL- and
HDL-cholesterol, triglycerides and C-reactive protein
levels will be measured and expressed in mg/dL. Also,
Serum HIF-1α levels (pg/mL) will be measured using the
HIF1A Human ELISA Kit (EHIF1A Thermo Fisher
Scientific, Milan, Italy) according the manufacturer’s
protocols.

Blood pressure
Systolic, diastolic, and mean blood pressure will be mea-
sured using an automated sphygmomanometer (Dinamap
Pro; Florida, United States), in the left arm, in a sitting pos-
ition and after 10 min of rest, on the same day of blood
sample collection. The measurements will be in triplicate
and the average will be used and expressed in mmHg.

Body composition
A stadiometer with 0.1 cm intervals will be used to measure
height, and a digital scale accurate to 0.1 kg, and a
maximum capacity of 150 kg, will be used to evaluate
weight (Seca, Hamburg, Germany). Waist circumference
(WC) will be measured with an inelastic tape placed at

Figure 1. Schematic diagram of participant visits during the study.
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the midpoint between the anterior-superior iliac crest and
the last rib, as hip circumference (HC) will be measured
at the widest portion of the buttocks, with the tape parallel
to the floor (Norton, 2018). The ratio between WC and HC
will be obtained and expressed in cm. Body mass index will
be calculated by the ratio between weight and squared
height and expressed in kg/m2 (Norton, 2018). Lean
mass, fat mass, android and gynoid fat depots, and bone
mineral density will be assessed by dual-energy X-ray
absorptiometry (DEXA; GE® Lunar densitometer, DPX
NTVR, with ENCORE 2011 software, version 13.60, GE
Healthcare). Participants will be instructed not to perform
other procedures with contrast or radiation the day before
the measurement. The procedure will be performed after

12 h of fasting, in the supine position, with bare feet,
light clothes and no metallic objects.

Cardiopulmonary exercise test
All participants will complete a standard Bruce treadmill
exercise test protocol (Myers et al., 2002) before and 48 h
after the last exercise session, using an electrocardiogram
and a face mask device to evaluate gas exchange (Cortex
Metalyzer 3B®, Leipzig, Germany). The initial stage of
the exercise involves walking on the treadmill at a speed
of 2.7 km/h with a 10% gradient. After 3 min, treadmill
speed and gradient are increased, with further increments
every 3 min until the end of the test. Criteria for termination

Figure 2. CONSORT flow diagram of the progress through the phases of the parallel randomized trial of three groups. CTRL: control

group: EH: exercise in hypoxia; LCD: low carbohydrate diet.
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will be volitional fatigue or when 85% of age-predicted
maximal heart rate ((220 – age)/0.85) is attained, or if any
medical indications arise, or upon participant request.
Exercise tolerance, cardiac and ventilatory responses will be
obtained and a report with clinical conclusions will be made.

CPET uses non-invasive exercise stress testing to gener-
ate multiple variables that are then extrapolated from this
data, including anaerobic threshold and VO2max, markers
of aerobic capacity. Anaerobic threshold will be defined
as the point at which minute ventilation increases dispro-
portionately relative to VO2, a response that is generally
seen at 60%–70% of VO2max (Albouaini et al., 2007). In
our study, peak oxygen consumption (VO2peak), minute
ventilation (VE), respiratory exchange ratio, and metabolic
equivalent value will be measured. Capillary blood samples
(25 µL) for blood lactate will be collected from the fingertip
before and immediately at the end of the test (Lactate Pro,
Arkay, Inc., Kyoto, Japan), such as heart rate, blood pres-
sure and oxygen saturation. Borg rating of perceived exer-
tion (6–20 points) will be recorded at the end of CPET.

Statistical considerations
For sample and power calculations, this study is powered
based on changes in hemoglobin A1c in RCTs included
in the meta-analysis by Zuuren et al. (2018), which tested
the effect of carbohydrate restriction up to 8 weeks.
Considering a type I error of 5% and a power of 80% to
detect differences at the dependent variable with a statistical
significance when comparing 3 independent groups (CTRL
versus EH and EH versus EH+LCD), and an effect size of
1.14, a sample size of 14 participants per group will be
needed, totaling 42 individuals. With an assumption of a
20% dropout rate, we will recruit 48 participants. The
sample size calculations were performed using the Statistical
Power Analyses for Windows, (G*Power 3.1.9.4, Uni Kiel,
Germany).

Statistical analysis will be performed using SPSS statis-
tics software version 28.0, 2021 (IBM Company, Chicago,
United States). All data will be reported as mean± SD and
statistical significance will be assumed at p≤ 0.05. Pairwise
comparisons will be analyzed using the Wilcoxon test. A
two-way repeated measures ANOVA will be used to
examine changes in cardiopulmonary parameters, body
composition, glycemic profile, and cardiovascular risk
factors over the chronic exercise period (0 vs. 8 weeks),
and whether the magnitude of the chronic exercise-
mediated adaptations differ between groups (EH vs.
CTRL; LCD+EH vs. EH). When a significant main- or
interaction-effect will be found, Bonferroni post hoc tests
for multiple pairwise comparisons will be performed to
identify differences between groups.

Data collection and management
A questionnaire will be applied in the first nutrition appoint-
ment, at the beginning of the study, to obtain the eating

habits, socio-demographic and clinical characteristics of
participants, including age, sex, marital status, schooling
level, diabetes duration, family history of diabetes and self-
reported physical activity. Drugs for T2DM or comorbid-
ities and nutritional supplements will be registered at base-
line and at the end of the study.

Blood samples will be collected and centrifuged at 1000
g for 10 min to separate plasma or serum, which will be
stored at −80 °C for further analysis of biochemical
parameters.

During the intervention period, the team of researchers
will be trained to apply the 24-h food recall, constantly
checked the oxygen saturation and supervise the mainten-
ance of the heart rate at the target intensity of 75% of the
heart rate reserve. All researchers will be trained to circum-
vent any cases of hypoglycemia, hypotension or possible
side effects of high-altitude exposure, such as headache or
difficulty breathing. Also, it will be qualitatively documen-
ted and details of each case of withdrawal and, the primary
hypothesis will be tested on a superiority framework.

All data will be collected and stored according to Good
Clinical Practice Guidelines (Switula, 2000). Data monitor-
ing and auditing of the trial will be conducted by the prin-
cipal researcher and supervisory team: V.H.T., J.L.V and
A.C.S. All data, such as consent forms, questionaries,
dietary screening forms, IPAQ and clinical data in
general, will be stored in a secure database password-
protected document that will be accessed only by author-
ized members of the research team. Dietary plans will be
stored securely in Dietbox® Software, and all information
will be treated confidentially. Data will only be used for
the purpose of this research project.

Ethical considerations
The study was approved by the Ethics Committee of the
Faculty of Nutrition and Food Sciences, University of
Porto (Approval Number 45/2021/CEFCNAUP/2021 –
Supplementary Material) in July 2021, and will be con-
ducted in accordance to the declaration of Helsinki for
studies in human (World Medical, 2013). It has been regis-
tered in the Clinical Trial Database (NCT05094505), and
any important protocol modifications will be recorded on
it. The study strictly follows the protocols regarding
informed consent form, confidentiality and anonymity. An
informed consent form with guidelines, objectives of the
project, description of procedures, possible risks and bene-
fits will be provided. Participants will also be informed that
participation is voluntary, and they can withdraw from the
study at any time, without prejudice. In addition, if
requested, participants can access their individual data at
the completion of the trial by contacting the lead researcher.

Dissemination policy
The results from this study will be published in a peer-
reviewed and open-access academic journal or in an open-
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access institutional repository. Participants in the trial will
also be notified of the outcomes.

Summary
This RCT aims to compare the effects of 8 weeks of EH
(simulated high-altitude at 3.000 m), combined or not
with an LCD (40% of energy from carbohydrates) on gly-
cemic and lipid profiles, HIF1-α, C-reactive protein,
blood pressure, body composition and cardiorespiratory
parameters in patients with T2DM. The metabolic benefits
of the 8-week duration of both interventions alone have
been previously demonstrated in T2DM (Boule et al.,
2001; Maiorana et al., 2002; van Zuuren et al., 2018)

These non-pharmacological treatments (LCD and EH)
can improve T2DM control and prevent chronic complica-
tions due to uncontrolled glycemia and impaired vascular-
ization (Ladage et al., 2012; van Zuuren et al., 2018).
Several authors have shown beneficial effects on T2DM
in people who following a LCD, mainly in the short-term
intervention (Sainsbury et al., 2018; Snorgaard et al.,
2017). Sainsbury et al. (Sainsbury et al., 2018) showed
that restricting carbohydrates to less than 26% of total
energy results in greater reductions in hemoglobin A1c at
3 and 6 months than later (12 and 24 months). This may
be due to the challenge of maintaining carbohydrate restric-
tion, which is even more evident in very low carbohydrates
diets, such as the ketogenic diet (Goldenberg et al., 2021).
To circumvent this and improve dietary adherence, the
present study assumed a lower carbohydrate restriction,
consisting of 40% of the energy intake, which also has
demonstrated benefits in metabolic control in patients
with T2DM during 8 weeks (van Zuuren et al., 2018).

Also, the currently available studies have some meth-
odological flaws, such as non-randomized or uncon-
trolled clinical trials (Kindlovits et al., 2022) and
insufficient supervision of the reasons for non-adherence
to prescribed LCDs (McArdle et al., 2019). These limita-
tions make it difficult to translate their results into clin-
ical practice.

Few studies have analyzed the effects of EH on glycemic
and lipid profiles, on cardiorespiratory physiology or on
angiogenesis in T2DM (Kindlovits et al., 2022).
Furthermore, none of them evaluated HIF1-α levels,
which is frequently destabilized in patients with T2DM
(Thangarajah et al., 2010). Experiments on cells bearing
inactivating mutations in the HIF pathway have emphasized
the importance of HIF1-α on the regulation of genes
involved in angiogenesis (Iyer et al., 1998;
Krishnamachary et al., 2003). Considering that high
glucose levels, common in patients with T2DM, impairs
the activity of HIF-1α (Thangarajah et al., 2010), EH
could be particularly beneficial to improve angiogenesis
in this population, because the low oxygen availability in
EH further enhances the production of HIF-1α to a
greater extent than when training under normoxia condi-
tions (Lundby et al., 2009; Robach et al., 2007). This in

turn regulates VEGF expression (Li et al., 2019), appearing
to be a key element in the EH-induced adaptations.

This study presents some novelties that make it stronger,
such as: (a) it is the first study that will evaluate the serum
levels of HIF1-α in T2DM, before and after exercise in nor-
moxia and in hypoxia, with or without a restricted carbohy-
drate intake; (b) it is the first RCT that will compare the
influence of exercise in normoxia with EH, associated or
not with LCD, on the glycemic, lipid profile, body compos-
ition, blood pressure and cardiorespiratory parameters; (c)
our hybrid intervention (EH+LCD) has not been tested
together before or compared with other treatment modality
(EH); (d) it is the first study to evaluate the effect of both
aerobic and strength exercises in hypoxia associated with
dietary control in patients with T2DM.

However, our study protocol also has several limitations:
(a) the possibility for voluntary bias, with failure to follow
the dietary plan, even with all previously mentioned adher-
ence strategies, which may lead to the inclusion of patients
with higher carbohydrate intake than planned, although this
may only affect the external validity of the study, but not its
internal validity; (b) the exclusion criteria cover several
comorbidities that are likely to prevail in patients with
T2DM, such as dyslipidemia, high blood pressure, stroke
or myocardial infarction. While this may enhance the gen-
eralizability of our results, individuals with these conditions
may also benefit from interventions; (c) the apparently
narrow hemoglobin A1c range (6.5%–10%) used as an
inclusion criterion may also limit the generalizability of
our results. Still, we wish to minimize the effect of the
large reduction in basal glycemic as a potential contributor
to any observed improvements in cardiovascular, metabolic
and anthropometric parameters; (d) given its relatively short
duration, the study is unlikely to assess clinical outcomes
for preventing chronic complications associated with
T2DM, such as myocardial infarction or atherosclerosis;
(e) it may be difficult to make a difference in hemoglobin
A1c change between the EH and intervention groups
because the diet in this study is slightly carbohydrate
restricted (40% of total energy intake).

The use EH isolated or combined with an LCD, may lead
to a better understanding of their mechanism of action, with
possible clinical implications in improving the quality of
life of patients with T2DM, by delaying the onset of
chronic complications, and reduce health costs. In order
words, under usual circumstances, the results of this study
may stimulate further creation of hypoxia chambers
capable of simulating high altitude environments, and be
a potential non-pharmacological therapeutic strategy.
Such information could have applicability in the promotion
of public health.

Briefly, this will be the first RCT to assess the impact of
EH with or without an LCD on glycemic control, HIF1-α,
body composition and cardiovascular risk factors in patients
with T2DM. This study will not only help fill a significant
research gap but also contribute to the growing field of
nutrition, exercise and public health. The results from this
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study may also help guide future research in this area and
inform advice given by clinicians to this specific
population.
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