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Introduction

Regular physical activity has been considered as one of the 
mainstream in treating systemic arterial hypertension 
(SAH) and diabetes mellitus (DM).1,2 Benefits such as bet-
ter glycaemic and cardiorespiratory control,3 increased 
insulin sensitivity,4 improved lipid profile5 and weight loss 
are well characterized.6 Acute7 and chronic8 blood pres-
sure lowering has also been linked to an active lifestyle.

In addition to physical and cardio-metabolic benefits, 
regular physical exercise can result in decreased depres-
sion and anxiety symptoms,9 which may influence cogni-
tive functions, probably by increased brain oxygenation 
due to a greater blood flow and perfusion, which directly 
influences cognition, regardless of age.10
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The prevalence of mental disorders such as anxiety and 
depression is greater in patients with DM compared with 
the general population.11 Regular exercise plays an impor-
tant role in controlling these disorders, and it can reduce 
levels of depression and anxiety by releasing neurotrans-
mitters that activate specific cortical areas of the brain, act-
ing in the mood.12 However, it remains unclear in the 
literature which exercise type promotes a greater benefit to 
diabetics. Regarding patients with SAH, exercises can 
bring comparable benefits to anti-depressants, or even 
enhance their action,13 as well as being an effective and 
practical treatment in reducing anxiety,14 although some 
studies have found the results contradictory to the anxio-
lytic effects of exercise in animal models.15 Thus, there is 
still controversy on the subject.

Hypertensive individuals are at risk of developing vas-
cular dementia three times greater than normotensive 
individuals. This proportion increases to six times when 
the presence of SAH is associated with DM.16 There are 
different models of exercise prescription. The most com-
mon ones are activities with aerobic characteristics, such 
as walking or running,17 with interesting results about the 
effect on mental health in the diabetic population. 
However, the prescription of anaerobic activities is pos-
sible, such as resistance training (RT), which implies a 
completely different metabolic action than aerobic exer-
cise. The results showing an association between an active 
lifestyle and mental disorder control are still scarce, as 
well as the effects of aerobic and resistance exercises in 
this population.

It is important to check the extent of the impact of the 
physical activity inclusion and compare if the exercise 
type prescribed in a systematic manner (aerobic or RT) has 
different impact amplitudes on mental health. This may 
guide the best way to prescribe exercises for this popula-
tion. Thus, the objective of this study was to assess possi-
ble benefits of regular physical exercise on levels of 
anxiety, depression and cognitive impairment in diabetic 
and hypertensive patients belonging to a programme of 
supervised physical exercise, besides evaluating and com-
paring the results between programmes of aerobic and 
resistance exercises.

Material and methods

Study design

A descriptive, longitudinal type study, developed as part of 
the project ‘Global assessment of cardiovascular risk and 
mental state of patients assisted by the Viçosa Hiperdia 
Center after physical exercise program’, a partnership of 
the Federal University of Viçosa with Hiperdia Minas 
Program.

The study was conducted entirely at the premises of 
Hiperdia Center of the city of Viçosa, MG, consisting of a 

secondary health centre which has as a function the treat-
ment of diabetics with glycosylated haemoglobin greater 
than or equal to 9% and patients with resistant hyperten-
sion. The study was approved by the Ethics in Research 
Committee of the Federal University of Viçosa, registered 
in Brazil Platform no. 33979214.3.0000.5153 protocol no. 
832.149/2014.

Sample

Patient recruitment was done through analysis of medical 
records, where type 2 diabetic patients and resistant 
hypertension were selected. A phone call was made to 
these selected patients, where all the research procedures 
were clarified. If the subject agreed to participate, a first 
meeting in Hiperdia Center was scheduled for further 
information on the study procedures. The study began 
with a total of 21 patients, but 4 volunteers abandoned the 
research during the exercise routine for various reasons: 
financial difficulties to travel to Hiperdia, surgeries 
(umbilical hernia and cataract) and a cardiac ischaemia 
event. So the research ended with a sample of 17 patients, 
8 patients with diabetes type 2 (DM2) and 9 resistant 
hypertensives (SAH), characterized by blood pressure 
that remains above the levels considered ideal, despite 
the concomitant use of three different classes of antihy-
pertensive medications, one being necessarily diuretic.18 
All volunteers were participants in the supervised physi-
cal exercise programme of the Hiperdia Center in Viçosa, 
MG, for the registration and monitoring of resistant 
hypertensive and/or diabetic patients assisted by the 
Unified Health System (SUS) that meet Resolution SES 
no. 2.606 of 7 December 2010 which establishes the 
referral criteria for the Integrated Reference Centers Viva 
Vida and Hiperdia Minas.

As inclusion criteria, patients with DM2 and SAH, of 
both genders, over 18 years old, who do not practice rou-
tine and/or systematized exercise, were considered. The 
adopted exclusion criteria were as follows: type 1 diabet-
ics, patients with peripheral artery disease, illicit drug 
users, congestive heart failure, decompensated pulmonary 
disease, symptomatic cardiac arrhythmia, orthopaedic or 
rheumatologic diseases that prevented the realization of 
the proposed exercises, symptomatic peripheral artery dis-
ease to exercise, acute cardiac ischaemia signs during 
exercise testing (ET) and symptomatic cardiac arrhythmia 
caused by ET. Also, individuals in use of anti-depressants 
or antianxiety medications were excluded.

At baseline, all participants were asked not to change 
their eating habits, not being prescribed any meal plan 
with calorie restriction. In addition, physicians were asked 
not to change the drug plan for any patient during the 
12 weeks of training. All patients were informed about the 
methodology and the study’s objectives and they signed 
the Free and Informed Consent Term.
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Data collection

Aiming for a possible diagnosis of cardiovascular disease, 
and further evaluation of symptoms consistent with 
arrhythmias and ischaemia induced by exercise, which are 
considered exclusion criteria, all patients were assessed by 
ET on ramp protocol, performed by a cardiologist in the 
centre itself, following the rules of the Brazilian Society of 
Cardiology guidelines19 with the subsequent issue of med-
ical opinion. Seeking the safety of volunteers, measure-
ments of blood pressure were performed in all participants 
before the beginning of each exercise session, after 30 min 
of physical activity and 20 min after the end of each ses-
sion. In these same periods, measurements of blood glu-
cose in diabetic patients were conducted. Glucometer 
Roche Accu Chek Performa® (Mannheim, Germany, 2009) 
was used to measure the glucose, while for the blood pres-
sure measurements we used the stethoscope and sphyg-
momanometer aneroid Premium (Wenzhou Instrument 
Co., China, 2014). Anthropometric procedures, used to 
collect data, were through body weight, using the Mercy® 
scale (LC 200 model, Brazil, 2010) ranging from 1 to 
200 kg with 50 g of precision. Height was measured by sta-
diometer Welmy® (R110 model, Brazil, 2009) ranging 
from 0.8 to 2.00 m with 1 mm precision. Circumferences of 
waist, abdomen and hip were measured using retractable 
and flexible measuring tape Proximus® (Rio de Janeiro, 
Brazil, 2013) ranging from 0 to 200 cm with 1 mm preci-
sion. For measurements of skinfolds, the caliper Cescorf® 
Mitutoyo (Brazil) was used, with a reading amplitude of 
88 mm and precision of 0.1 mm. The skinfolds were 
obtained using the equation suggested by Jackson and 
Pollock,20 for men, and Jackson et  al.,21 which used the 
sum of the following three skinfolds: chest, abdominal and 
medium femoral for men, and triceps, abdominal and 
medium femoral for women. For the conversion of body 
density (BD) in body fat percentage (BF %), the equation 
proposed by Siri22 was used, using the sum of the skin-
folds. The methodological procedures for the anthropo-
metric records had the International Society for the 
Advancement of Kinanthropometry (ISAK)23 recommen-
dations as guidelines, being performed by two physical 
education professionals trained in this technique.

The evaluation of the mental state of the participants 
was performed by an experienced psychiatrist on the 
premises of the Hiperdia Center itself, with the following 
instruments: mini-mental state examination (MMSE),24 
Beck’s depression inventory (BDI),25 Beck’s anxiety 
inventory (BAI)26 and self-reporting questionnaire (SRQ-
20).27 The researcher instructed the patient to take into 
account the last week and the day the psychiatric evalua-
tion was performed.

The MMSE is composed of questions that measure 
functions such as temporal and spatial orientation, atten-
tion and calculation, memory or recall and language. In 

our modified MMSE reflecting scholastic attainment, a 
minimum score of 20 points was considered for illiterate 
patients, 25 points for patients with 1–4 years of education, 
26.5 points for 4–8 years, 28 points for 9–11 years and 29 
points for more than 11 years.28,29

The BDI is a psychometric questionnaire of self-evalu-
ation. The scale consists of 21 items that include attitudes 
and symptoms with intensity ranging from 0 to 3 and are 
intended to identify the presence of depressive indicators, 
considering various categories of symptoms, such as mood 
(sadness, loss of interest, crying and mood fluctuation), 
vegetative or somatic (weight loss, loss of appetite, sleep 
and fatigue), cognitive (guilt, hopelessness and suicidal 
thoughts), social (social withdrawal and inhibition) and 
motor (inhibition and agitation).30 Participants who scored 
0–9 points were considered with minimal depression, 10–
16 mild, 17–29 moderate and 30–63 severe depression.25

The BAI was used to assess the severity of anxiety 
symptoms using a scale of symptoms organized in 21 items, 
ranging from nothing, slightly, moderately and severely, 
expressed in anxiety symptoms, such as nervousness and 
tremors, and questions about palpitations, fear, feeling of 
suffocation and fainting, heat, numbness and others. From 
0–7 points was considered minimal anxiety, 8–15 mild, 
16–25 moderate and 26–63 severe anxiety.26

The SRQ-20 was used for tracking non-psychotic mental 
disorders in the evaluation of mental suffering. The instru-
ment consists of 20 questions, and the answers are binary 
(yes/no). The final score was obtained by adding together 
the positive responses found in the test. Obtaining up to six 
positive responses led to no suspicion of mental disorder, 
and above seven positive responses mental disorder suspi-
cion in relation to the last 30 days lived by the patient.27

After this assessment step, the assessed patients initi-
ated the supervised exercise routine. The exercises were 
prescribed individually respecting the limitations and 
potential of each patient identified in the initial assess-
ments, and they followed the international guidelines pro-
posed by the American College of Sport Medicine31 and 
the American Diabetes Association (ADA)32 for the dia-
betic population and the American College of Sports 
Medicine33 for the hypertensive population.

Study participants underwent an intervention with phys-
ical exercise three times a week for 12 weeks. All training 
sessions were supervised by physical education profession-
als, assistants, physicians and nurses of the Hiperdia Center 
in Viçosa, MG. The training sessions took place in the 
morning period (7:00–11:00 a.m.) or afternoon (14:00–
17:00 p.m.), according to the availability of study partici-
pants. In total, 36 sessions of physical exercises were held 
during 3 months of intervention, distributed in three ses-
sions per week, where participants were free to choose the 
most appropriate days during the week to perform the rou-
tine proposed exercises. A 90% adherence to the pro-
gramme was determined so that the results were valid.
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Participants were randomly divided into two groups, 
corresponding to aerobic and resistance exercises. The 
group that corresponded to aerobic training (AT) consisted 
of nine patients (four hypertensives and five diabetics) and 
the RT group had eight patients (five hypertensives and 
three diabetics). Initially, seeking an appropriate physio-
logical and motor adaptation, the duration of the main part 
of the sessions was 20 min, progressing to 30 min in the 
second week and to 40 min in the following week for the 
two intervention groups.

Training sessions for both groups started with a warm-
up in a cycle ergometer for 10 min at an intensity of 50% 
of the maximum heart rate (MHR), estimated by the 
Tanaka et  al.34 equation MHR = 208 − (0.7 × age). The 
return to calm comprised exercises of active and passive 
stretching, lasting around 10 min, of the major muscle 
groups (quadriceps, hamstrings, large dorsal, chest, back). 
The average time to complete each exercise session was 
between 50 and 60 min after the third week.

The effort perception index (EPI) by the Borg scale35 
was used for both groups during exercise, because due to 
the patients’ low physical fitness and motor skills, the ini-
tial loads of each exercise were stipulated according to 
their effort perception, using the scale from 6 to 20 pro-
posed by Borg35 and, as improvements occur on the move-
ment pattern and physical condition, the loads were 
adjusted. The scale values that were used were from 11 to 
13, representing a moderate effort. Even with the load 
adjustments, the participants’ effort perception has always 
remained in the range from 11 to 13. We opted for the pre-
scription and training load control in strength exercises 
from the perceived exertion due to low levels of physical 
fitness and motor coordination and to treat patients with 
high cardiovascular risk. Load testing or maximum repeti-
tions would entail a non-consistent effort with health con-
ditions of the participants, which would increase the risk 
of adverse events. Therefore, the training loads were 
adjusted to the extent that physical fitness and motor skills 
of the participants improved, but always taking into 
account the perceived exertion as moderate.

Participants of the resistance group followed a sequence 
of 10 exercises: neutral rowing, squats, lying dumbbell 
bench press, knee extension with shin pads, dumbbell 
shoulder press, dumbbell curls, bending knees with dumb-
bells, standing calf raises, cable rope overhead triceps 
extension and abdominal crunch. The circuit method with 
an interval of 15 s between exercises was used in the first 
2 weeks in order to adapt the neural, joint and muscle sys-
tems, and the volunteers performed two sets of 15 repeti-
tions. After this period, the training consisted of three sets 
of 12 repetitions. The loads were adjusted as improve-
ments occurred in the motor and physical behaviours. The 
execution of the exercise repetitions was held continu-
ously, controlled, with moderate speed and similar dura-
tion between the concentric and eccentric phases.

Aiming for an appropriate physiological and motor 
adaptation for the AT group, the duration of the main part 
of the sessions was initially 20 min the first week, 30 min 
the second week and 40 min from the subsequent week. 
The training was performed on a treadmill, exercise bikes, 
elliptical and upper body cycle ergometer. Initially, there 
was the intensity control proposal of training through the 
percentage of MHR estimated by Tanaka equation33 with 
the establishment of 60% for the main part of the training. 
However, because some patients use adrenergic beta-
blockers to control blood pressure, the scale of subjective 
effort perception, proposed by Borg,35 was used for the 
control of training loads of these patients. For diabetic 
patients who did not have high blood pressure or did not 
use beta-blockers, the initial plan was maintained. 
Monitoring the heart rate (HR) was conducted through fre-
quency meters of ergometers and controlled by the 
researchers responsible for the supervision of exercise ses-
sions, controlled from the individual calculation of HR 
previously held. Regarding the use of EPI, the same RT 
group procedures were kept. After 12 weeks of inclusion in 
the proposed exercise programme, volunteers were reas-
sessed using the same initial protocol.

Statistical analysis

Initially, the descriptive statistics of the sample was to 
obtain the means and standard deviations. The Shapiro–
Wilk normality test was used. Then the paired T test and 
Wilcoxon test were used to compare pre- and post-training 
for parametric and non-parametric parameters, respec-
tively. The χ2 and Fisher’s exact tests were used for dichot-
omous parameters when appropriate. The significance 
level was 5%. The data were analysed using SPSS statis-
tics software.20

Results

Table 1 presents characteristics of the sample. A higher 
prevalence of women (76%) was observed among the 17 
patients compared to male members. Significant differ-
ences between the groups for age and education were not 
observed, and a high number of patients classified with 
obesity was noted, totalling almost half the sample (47%). 
The average adherence of 36 total sessions supervised pro-
posal exercise was 95.1% and 91.9% for RT and AT 
groups, respectively.

Table 2 shows the mean and standard deviation of 
anthropometric parameters of diabetic and hypertensive 
patients, before and after intervention with exercises, and 
significant difference in both groups was not observed. 
The values considered high for abdominal circumference 
in patients of both diseases were observed, as well as 
waist–hip ratio and BF %. All study participants had waist 
circumference above the cutoff set by the World Health 
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Organization (WHO),36 which is above or equal to 94 cm 
for men and 80 cm for women, increasing cardiovascular 
risks. Regarding the waist–hip ratio, 75% of men showed 
values above 0.90, also established by WHO36 as a limit 
value, since 54% of women had values above the cutoff 
value, which is 0.85. WHO37 also states that fat percent-
ages above 25% and 35% for men and women, respec-
tively, indicate obesity status. Following this principle, the 
women in this study showed a high level of obesity, sug-
gesting a further complicating factor in glycaemic and 
mental health control, as opposed to the sample of men.

Adding all the volunteers’ score, the values obtained 
with the MMSE totalled a score of 416 points before the 
intervention with exercises, averaging 24 points, with an 
increase to 430 points after the intervention, averaging 25 
points (p = 0.398), totalling an increase of 3.3%. Thus, a 
slight improvement among patients was noted. Regarding 
the diseases studied, there was a slight increase achieved 
by the hypertensives (2.2%), the same to the diabetics 
(4.3%) according to the MMSE. Two patients achieved 
progress in classification, moving from classification 
‘with’ cognitive impairment to ‘without’ cognitive impair-
ment, both diabetics.

With regard to depressive parameters, we observed in 
the pre-tests the sum of 439 points, averaging 26 among 
the participants, causing a drop of 61% after physical exer-
cise, totalling 170 points and averaging 10 (p = 0.001). 
Both diseases decreased in scores on the BDI question-
naire after supervised training, a total decrease of 64% in 
hypertensive patients and 59% in diabetics.

Significant results were also observed with regard to 
the improvement of anxiety symptoms. The average 
achieved by the participants after training with exercises 
was 10 points in the BAI, unlike the 21 observed before 
the intervention (p = 0.02). There was a decrease of 53% in 
the average score achieved after training with exercises, 
and the hypertensive reached a decrease of 55% and the 
diabetics 52%.

People with both diseases were classified on their 
average with moderate anxiety before starting the exer-
cise routine. After 12 weeks of intervention with the pro-
posed exercises, a score corresponding to a mild anxiety 
level was reached, according to the BAI questionnaire. 
The values observed in the BDI showed that before the 
studied population performed the proposed intervention, 
there was a predominance of moderate depression among 

Table 1.  Sample characterization of hypertensive and diabetic patients.

Total (n = 17) Hypertensives 
(n = 9)

Diabetics 
(n = 8)

p

Age (years) 55 ± 9 57 ± 8 53 ± 8 0.385a

  Male/female 4/13 1/8 3/5 –
BMI
  Underweight 0 0 0 –
  Ideal weight 1 (6%) 0 1 (13%) –
  Overweight 8 (47%) 5 (56%) 3 (38%) 0.637b

  Obesity 8 (47%) 4 (44%) 4 (50%) 0.999b

Education (years)
  Illiterate 5 (29%) 3 (33%) 2 (25%) 0.999b

  0–3 5 (29%) 3 (33%) 2 (25%) 0.999b

  4–8 6 (35%) 3 (33%) 3 (38%) 0.999b

  >8 1 (6%) 0 1 (13%) –

BMI: body mass index.
aStudent’s t-test (data presented as mean ± standard deviation).
bFisher’s exact test (data presented as number of participants and percentage).

Table 2.  Anthropometric parameters of participants before and at the end of a 12-week training.

Male (n = 4) Female (n = 13)

  Pre-workout Post-workout p Pre-workout Post-workout p

Abdominal circumference (cm) 110 ± 25 109 ± 24 0.109a 95 ± 12 94 ± 12 0.754a

Waist–hip ratio 0.99 ± 0.2 1.00 ± 0.11 0.923b 0.85 ± 0.05 0.83 ± 0.07 0.567b

Body fat (%) 27 ± 9 25 ± 10 0.725b 40 ± 6 40 ± 6 0.961b

aNon-parametric test (data presented as mean ± standard deviation).
bStudent’s t-test (data presented as mean ± standard deviation).
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the hypertensives and severe depression among the dia-
betics. Minimum depression levels were observed 
among the hypertensives and mild levels among the dia-
betics in the post-tests.

Table 3 shows in detail the cognitive status of patients 
before and after training with exercises, as well as their 
levels of anxiety and depression through the mean and 
standard deviation obtained for each group according to 
the score of each questionnaire used. A few changes were 
observed in what concerns the cognitive state after 
12 weeks of physical exercises, with no significant differ-
ences in both groups.

Referring to the number of patients achieving minimal 
anxiety levels after the end of the 12-week intervention 
with exercises, an increase of 65% was observed, with a 
migration of patients with moderate and severe anxiety to 
the minimum anxiety, reaching a clinically satisfactory 
result. As in anxiety, a sharp decline was observed in 
depressive symptoms. This is because 82% of the total 
sample had levels of depression, from moderate to severe, 
in the pre-tests. After the exercise inclusion in the sample 
routine, this percentage was limited to 18%, with an 
attenuation of depression levels to minimum depression 
state, reaching 59% of the studied population, and these 
beneficial effects of physical exercise were evident in 
both diseases.

According to the SRQ-20 questionnaire, 88% of par-
ticipants were classified ‘with suspicion of common men-
tal disorder’ before the intervention with exercise. After 
intervention, this quota was reduced to 12% (p = 0.001). In 
the hypertensive group, seven patients (78%) were sus-
pected of common mental disorders before the exercise 
programme, dropping to two patients (22%) after the inter-
vention (p = 0.05), while six diabetics (75%) were classi-
fied as ‘no suspicion of common mental disorder’ after 
12 weeks of performing the proposed exercises, an oppo-
site scenario to what was found before the intervention, 

when eight patients (100%) were suspected of common 
mental disorder (p = 0.006).

Regardless of the exercise mode, a significant decrease 
was observed in the levels of anxiety and depression in 
hypertensives and diabetics, as it can be seen in Figure 1 
through the mean and standard deviation achieved in the 
instruments used, revealing that both aerobic and resist-
ance exercises were beneficial for mental health patients. 
Significant improvements in cognition were not found in 
both groups.

Discussion

The main findings of this study were the reduction in 
depression and anxiety symptoms of both hypertensive 
and diabetic patients after a 12-week intervention of super-
vised exercises. A decrease in the number of patients with 
probably positive screening of non-psychotic mental dis-
order was also noted, where anxiety and depressive symp-
toms are also investigated in the SRQ-20 scale. In addition, 
both the aerobic and resistance exercise groups had results 
with similar improvements. There is evidence that this 
study was the first to evaluate cognitive impairment, 
depression, anxiety and non-psychotic mental disorders in 
hypertensive and diabetic patients after intervention of an 
exercise programme consisting of aerobic or resistance 
activities. As there is no difference between the exercise 
types in improving mental disorder levels in the popula-
tion studied, alternative forms of regular physical activity 
insertion can be used in training methodologies.

Resistant hypertensive and type 2 diabetic patients 
belonging to the sample studied had high body mass 
index (BMI) index and fat percentage as well as waist 
circumference and waist–hip ratio above what is recom-
mended by the WHO36 (Tables 1 and 2). The incidence of 
DM is associated with increased waist–hip ratio and 
peripheral lipoatrophy. Thus, abnormal distribution of 

Table 3.  Parameters of cognitive state and degrees of depression and anxiety in hypertensive and diabetic groups before and at the 
end of 12 weeks of physical exercises.

Total (n = 17) Hypertensives (n = 9) Diabetics (n = 8)

  Pre-workout Post-workout p Pre-workout Post-workout p Pre-workout Post-workout p

With cognitive impairment (MMSE) 7 (41%) 6 (35%) 0.99a 3 (33%) 4 (44%) 0.49b 4 (50%) 2 (25%) 0.65b

Without cognitive impairment (MMSE) 10 (59%) 11 (65%) 0.99a 6 (67%) 5 (56%) 0.99b 4 (50%) 6 (75%) 0.70b

Minimal anxiety 0 11 (65%) – 0 7 (78%) – 0 (0%) 4 (50%) 0.10b

Mild anxiety 6 (35%) 3 (18%) 0.43b 3 (33%) 1 (11%) 0.66b 3 (38%) 2 (25%) 0.99b

Moderate anxiety 6 (35%) 2 (12%) 0.22b 4 (44%) 0 (0%) 0.10b 2 (25%) 2 (25%) 0.99b

Severe anxiety 5 (30%) 1 (5%) 0.17b 2 (22%) 1 (11%) 0.99b 0 0 –
Minimal depression 1 (5%) 10 (59%) 0.01b 1 (11%) 7 (78%) 0.03b 0 3 (38%) –
Mild depression 2 (12%) 4 (23%) 0.65b 2 (22%) 1 (11%) 0.99b 0 3 (38%) –
Moderate depression 7 (41%) 3 (18%) 0.25b 4 (44%) 1 (11%) 0.33b 3 (38%) 2 (25%) 0.99b

Severe depression 7 (41%) 0 – 2 (22%) 0 – 5 (63%) 0 –

MMSE: mini-mental state examination.
aχ2 test (data presented with a number of participants and percentage).
bFisher’s exact test (data presented with a number of participants and percentage).
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adipose tissue, particularly visceral, is closely related to 
the incidence of DM.38 Depression and anxiety are the 
most common mental disorders associated with over-
weight.39 This association between depression and obe-
sity can also be explained by the attitude of society 
towards obese individuals, leading some people to lose 
confidence and self-esteem.40 Matini et al.39 observed in 
their study that the higher the BMI, the greater the levels 
of psychiatric disorders in a population of 67 morbidly 
obese patients, with a mean age of 36 years and BMI of 
48.8 kg/m2. Weight gain may also be accelerated by the 
use of antipsychotic medication, leading to DM, or 
patients with this syndrome who use this class of medica-
tion to lose control over this disease.41  As food intake 
was not controlled in this study, it may explain, in part, 
the lack of improvement in anthropometric levels of the 
sample. Nevertheless, exercise has been consolidated as 
an extremely important instrument in combating obesity, 
along with oriented nutritional education. Resistance 
exercise of low to moderate intensity showed no benefits 
on the anthropometric parameters, yet was effective on 
mental disorders. Thus, it can be used in these individu-
als, as they are easy for people who find it difficult to join 
in more intense activities.42

SAH may favour anxiety and depression states in their 
patients, as noted in the study of Mushtaq and Najam,43 
which detected a combination of these psychiatric symp-
toms in 137 hypertensive patients, 77 men and 60 women 
with a mean age of 43 years, compared to a control group. 
As noted in this study, exercise can have a positive effect 
on depression (Table 3). Data corroborate the findings of 
Zarshenas et  al.,44 where 41 women with a mean age of 
26 years showed a significant reduction in the levels of 

depression after intervention of 4 weeks of aerobic exer-
cise compared to the control group matched for age, edu-
cation and marital status. The duration of the exercises was 
30–35 min in the main part of the sessions, with a 60%–
80% of MHR. It is noteworthy that considerable uncer-
tainty about the optimal workout duration and frequency to 
obtain satisfactory results still occurs.45

In addition to depression, there are evidences that sug-
gest positive effects of physical exercise also on anxiety 
parameters, corroborating the findings of this study (Table 
3). Aidar et al.46 concluded that after a 12-week interven-
tion of RT with 48 h of rest between sessions and durations 
of 45–60 min in 13 individuals with a mean age of 52 years 
affected by stroke, large reductions in anxiety levels 
occurred compared to the control group of a similar age.

In diabetic patients, the depression symptoms are 
strongly associated with the disease, but little is known 
about anxiety.47 In this study, both psychiatric disorders 
showed high prevalence in diabetics before supervised exer-
cise intervention. After the set period of intervention, clini-
cally favourable results were observed in this study (Table 
3). Corroborating our findings, Gallagher et al.48 observed 
in a study with 75 patients with cardiovascular disease and 
diabetes and with a mean age of 63 years, mostly men, that 
in the intervention group with exercises over 16 weeks and 
with changes in eating habits, depressive symptoms 
decreased by half compared with the control group. In a 
cross-sectional study, Saleh et al.49 observed in 500 patients 
with DM type 2, aged more than 25 years, that 80% of 
patients who performed less than 45 min of exercise per 
week, in other words, who did not adhere to a regular exer-
cise routine, had depressive and anxiety symptoms. The 
regular exercise programme can increase self-esteem, mood, 

Figure 1.  Evolution of depression, anxiety and cognitive levels of aerobic and resistance training groups before and at the end of 
the 12-week supervised training.
MMSE: mini-mental state examination; BDI: Beck’s depression inventory; BAI: Beck’s anxiety inventory.
‡‡‡p < 0.05; †Student’s t-test; *non-parametric test.
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well-being feeling and positive effects on body image, 
reducing the physiological effects of stress.50

Data observed using the MMSE showed no beneficial 
effects on cognitive aspects evaluated by this questionnaire 
(Table 4). The MMSE was chosen by its high validity, reli-
ability and easy application. Despite its recommendation for 
the elderly, it has been increasingly used in adults.51 
Research has shown that cognitive function can be benefited 
by physical exercise. Furthermore, studies have been prov-
ing that physically active people have a delay in cognitive 
decline,52 as noted in the study of Dupuy et al.,10 when 22 
women with a mean age of 24 years and 36 women with a 
mean age of 62 years were submitted to a maximal progres-
sive test and performed the Stroop cognitive test in the 
meantime. The results showed that the higher the cardiores-
piratory fitness of these women, the higher their perfor-
mance on cognitive tests. The lack of improvement in 
cognitive status may be partly due to the characteristics of 
the prescribed activities, which are repetitive. It is possible 
that activities such dance and mini games require more from 
the cognitive process, resulting in greater benefits.

Regarding the SRQ-20 questionnaire, this instrument 
was used for its wide tracking capability of common men-
tal disorders symptoms, such as depressive–anxious mood, 
somatic symptoms, vital energy decrease and depressive 
thoughts, being necessary to emphasize that this instru-
ment seeks a screening of non-psychotic psychiatric disor-
ders, such as anxiety, depression and other mental 
disorders, and is widely used to diagnose suspicion of 
common mental disorders. Before the intervention with 
exercise, mental health levels tracked by the three instru-
ments were worrying, and these mental disorders were 
alleviated after the intervention period, with both resist-
ance and aerobic exercises. Thus, the improvements 
observed by the SRQ-20 corroborate the findings on BDI 
and BAI questionnaires (Table 4).

Study limitations

Only screening instruments were used in this study, which 
do not replace the medical interview for an accurate diag-
nosis. In addition, one of the inclusion criteria in the study 
was the condition of participation in the physical exercise 

programme at the Hiperdia Center. This led to a limited 
sample size, since not all the diabetic and hypertensive 
patients assisted at the Center can perform the training, but 
only those that are recommended by the physician after a 
rigorous evaluation. The non-inclusion of a control group 
may also be considered as a limitation of the study. This 
was the great difficulty encountered in recruiting patients 
for participation in the study.

Conclusion

This study showed positive interference of exercise on the 
mental health of patients with hypertension and diabetes 
type 2. Significant improvements on depression and anxi-
ety status in both disorders were found after 12 weeks of 
supervised exercise intervention as well as great improve-
ments in states of possible suspicion of non-psychotic men-
tal disorder. On the other hand, improvements on cognitive 
status of hypertensive and diabetic patients after the inter-
vention with physical exercise were not found. Benefits to 
mental health were found in the groups who performed 
aerobic and resistance exercises, leading us to believe that 
regardless of the performed mode, exercise is beneficial to 
the mental health of hypertensives and diabetics and clearly 
shows the importance of supervised physical exercise in the 
full health treatment of hypertensives and diabetics, which 
can benefit in the treatment adherence and maintenance of 
a good underlying disease control, even in a short training 
period of 12 weeks of activities.
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aStudent’s t-test (data presented as mean ± standard deviation).
bNon-parametric test (data presented as mean ± standard deviation).



Teixeira et al.	 9

Funding

This study was supported by the Support Foundation for Research 
of Minas Gerais – FAPEMIG.

References

	 1.	 Ribeiro F, Costa R and Mesquita-Bastos J. Exercise training 
in the management of patients with resistant hypertension. 
World J Cardiol 2015; 7: 47–51.

	 2.	 Naito R and Kasai T. Coronary artery disease in type 2 dia-
betes mellitus: recent treatment strategies and future per-
spectives. World J Cardiol 2015; 7: 119–124.

	 3.	 Hordern MD, Marwick TH, Wood P, et al. Acute response 
of blood glucose to short-term exercise training in patients 
with type 2 diabetes. J Sci Med Sport 2011; 14: 238–242.

	 4.	 Hong HR, Jeong JO, Kong JY, et  al. Effect of walking 
exercise on abdominal fat, insulin resistance and serum 
cytokines in obese women. J Exerc Nutrition Biochem 
2014; 18: 277–285.

	 5.	 Macias-Cervantes MH, Rodriguez-Soto JM, Uribarri J, 
et al. Effect of an advanced glycation end product-restricted 
diet and exercise on metabolic parameters in adult over-
weight men. Nutrition 2015; 31: 446–451.

	 6.	 Schoenfeld BJ, Aragon AA, Wilborn CD, et al. Body com-
position changes associated with fasted versus non-fasted 
aerobic exercise. J Int Soc Sports Nutr 2014; 11: 54.

	 7.	 Eicher JD, Maresh CM, Tsongalis GJ, et  al. The additive 
blood pressure lowering effects of exercise intensity on 
post-exercise hypotension. Am Heart J 2010; 160: 513–520.

	 8.	 Jia LL, Kang YM, Wang FX, et al. Exercise training attenu-
ates hypertension and cardiac hypertrophy by modulating 
neurotransmitters and cytokines in hypothalamic paraven-
tricular nucleus. PLoS ONE 2014; 9: e85481.

	 9.	 Leblanc MF, Desjardins S and Desgagne A. The relation-
ship between sleep habits, anxiety, and depression in the 
elderly. Nat Sci Sleep 2015; 7: 33–42.

	10.	 Dupuy O, Gauthier CJ, Fraser SA, et  al. Higher levels of 
cardiovascular fitness are associated with better executive 
function and prefrontal oxygenation in younger and older 
women. Front Hum Neurosci 2015; 9: 66.

	11.	 Komsuoglu CI, Mutlu O, Ulak G, et  al. Exenatide treat-
ment exerts anxiolytic- and antidepressant-like effects and 
reverses neuropathy in a mouse model of type-2 diabetes. 
Med Sci Monit Basic Res 2014; 20: 112–117.

	12.	 Matta MPE, Cevada T, Sobral MJR, et al. Neuroscience of 
exercise: from neurobiology mechanisms to mental health. 
Neuropsychobiology 2013; 68: 1–14.

	13.	 Hoffman BM, Babyak MA, Craighead WE, et al. Exercise 
and pharmacotherapy in patients with major depression: 
one-year follow-up of the SMILE study. Psychosom Med 
2011; 73: 127–133.

	14.	 Herring MP, O’Connor PJ and Dishman RK. The effect of 
exercise training on anxiety symptoms among patients: a 
systematic review. Arch Intern Med 2010; 170: 321–331.

	15.	 Fuss J and Gass P. Endocannabinoids and voluntary activity 
in mice: runner’s high and long-term consequences in emo-
tional behaviors. Exp Neurol 2010; 224: 103–155.

	16.	 Posner HB, Tang MX, Luchsinger J, et al. The relationship 
of hypertension in the elderly to AD, vascular dementia, and 
cognitive function. Neurology 2002; 58: 1175–1181.

	17.	 Sardar MA, Boghrabadi V, Sohrabi M, et  al. The effects 
of aerobic exercise training on psychosocial aspects of men 
with type 2 diabetes mellitus. Glob J Health Sci 2014; 6: 
196–202.

	18.	 Daugherty SL, Powers JD, Magid DJ, et al. Incidence and 
prognosis of resistant hypertension in hypertensive patients. 
Circulation 2012; 125: 1635–1642.

	19.	 Ghorayeb N, Costa RV, Castro I, et al. Guidelines on exer-
cise and sports cardiology from the Brazilian Society of 
Cardiology and the Brazilian Society of Sports Medicine. 
Arq Bras Cardiol 2013; 100: 1–41.

	20.	 Jackson AS and Pollock ML. Practical assessment of body-
composition. Phys Sports Med 1985; 13: 76.

	21.	 Jackson AS, Pollock ML and Ward A. Generalized equa-
tions for predicting body density of women. Med Sci Sports 
Exerc 1980; 12: 175–182.

	22.	 Siri WE. Body composition from fluid spaces and density: 
analysis of methods. 1961. Nutrition 1993; 9: 480–491.

	23.	 Marfell-Jones M, Olds T and Stewart AA. International 
standards for anthropometric assessment. International 
Society for the Advancement of Kinanthropometry (ISAK), 
2006.

	24.	 Folstein MF, Folstein SE and McHugh PR. ‘Mini-mental 
state’. A practical method for grading the cognitive state of 
patients for the clinician. J Psychiatr Res 1975; 12: 189–
198.

	25.	 Aksoy H, Aksoy Ü, Karadağ Öİ, et al. Depression levels in 
patients with hyperemesis gravidarum: a prospective case–
control study. Springerplus 2015; 4: 1–6.

	26.	 Ay AA, Ulucanlar H, Ay A, et  al. Risk factors for perio-
perative anxiety in laparoscopic surgery. JSLS 2014; 18: 
e2014.00159.

	27.	 Giang KB, Allebeck P, Kullgren G, et al. The Vietnamese 
version of the Self Reporting Questionnaire 20 (SRQ-20) 
in detecting mental disorders in rural Vietnam: a validation 
study. Int J Soc Psychiatry 2006; 52: 175–184.

	28.	 Brucki S, Nitrini R, Caramelli P, et al. Suggestions for uti-
lization of the mini-mental state examination in Brazil. Arq 
Neuropsiquiatr 2003; 61: 777–781.

	29.	 Bertolucci PH, Brucki S, Campacci SR, et  al. The mini-
mental state examination in a general population: impact of 
educational status. Arq Neuropsiquiatr 1994; 52: 1–7.

	30.	 Beck AT, Steer RA and Carbin MG. Psychometric proper-
ties of the Beck Depression Inventory: twenty-five years of 
evaluation. Clin Psychol Rev 1988; 8: 77–100.

	31.	 Colberg SR, Sigal RJ, Fernhall B, et al. Exercise and type 2 
diabetes: the American College of Sports Medicine and the 
American Diabetes Association: joint position statement. 
Diabetes Care 2010; 33: e147–e167.

	32.	 American Diabetes Association (ADA). Standards of medi-
cal care in diabetes – 2014. Diabetes Care 2014; 37(Suppl. 1): 
S14–S80.

	33.	 Pescatello LS, Franklin BA, Fagard R, et  al. American 
College of Sports Medicine position stand. Exercise and 
hypertension. Med Sci Sports Exerc 2004; 36: 533–553.

	34.	 Tanaka H, Monahan KD and Seals DR. Age-predicted 
maximal heart rate revisited. J Am Coll Cardiol 2001; 37: 
153–156.

	35.	 Borg GA. Psychophysical bases of perceived exertion. Med 
Sci Sports Exerc 1982; 14: 377–381.

[AQ: 8]



10	 Diabetes & Vascular Disease Research ﻿

	36.	 World Health Organization (WHO). Waist circumference 
and waist hip-ratio. Geneva: WHO, 2008, p. 39.

	37.	 World Health Organization (WHO). Physical status: the 
use and interpretation of anthropometry. Report of a WHO 
Expert Committee. World Health Organ Tech Rep Ser 
1995; 854: 1–452.

	38.	 Capeau J, Bouteloup V, Katlama C, et al. Ten-year diabetes 
incidence in 1046 HIV-infected patients started on a combi-
nation antiretroviral treatment. AIDS 2012; 26: 303–331.

	39.	 Matini D, GhanbariJolfaei A, Pazouki A, et al. The compari-
son of severity and prevalence of major depressive disorder, 
general anxiety disorder and eating disorders before and after 
bariatric surgery. Med J Islam Repub Iran 2014; 28: 109.

	40.	 Van Hout G and Van Heck G. Bariatric psychology, psy-
chological aspects of weight loss surgery. Obes Facts 2009; 
2: 10–15.

	41.	 Gaughran F, Stahl D, Ismail K, et  al. Improving physical 
health and reducing substance use in psychosis–randomised 
control trial (IMPACT RCT): study protocol for a cluster 
randomised controlled trial. BMC Psychiatry 2013; 13: 263.

	42.	 Tresierras MA and Balady GJ. Resistance training in the 
treatment of diabetes and obesity: mechanisms and out-
comes. J Cardiopulm Rehabil Prev 2009; 29: 67–75.

	43.	 Mushtaq M and Najam N. Depression, anxiety, stress and 
demographic determinants of hypertension disease. Pak J 
Med Sci 2014; 30: 1293–1298.

	44.	 Zarshenas S, Houshvar P and Tahmasebi A. The effect of 
short-term aerobic exercise on depression and body image 
in Iranian women. Depress Res Treat 2013; 2013: 132684.

	45.	 Ellard DR, Thorogood M, Underwood M, et al. Whole home 
exercise intervention for depression in older care home resi-
dents (the OPERA study): a process evaluation. BMC Med 
2014; 12: 1.

	46.	 Aidar FJ, De Oliveira RJ, Silva AJ, et  al. The influence 
of resistance exercise training on the levels of anxiety in 
ischemic stroke. Stroke Res Treat 2012; 2012: 298375.

	47.	 Kahl KG, Schweiger U, Correll C, et al. Depression, anxi-
ety disorders, and metabolic syndrome in a population at 
risk for type 2 diabetes mellitus. Brain Behav 2015; 21: 
e00306.

	48.	 Gallagher R, Zelestis E, Hollams D, et al. Impact of the 
Healthy Eating and Exercise Lifestyle Programme on 
depressive symptoms in overweight people with heart 
disease and diabetes. Eur J Prev Cardiol 2014; 21: 
1117–1124.

	49.	 Saleh F, Mumu SJ, Ara F, et al. Non-adherence to self-care 
practices & medication and health related quality of life 
among patients with type 2 diabetes: a cross-sectional study. 
BMC Public Health 2014; 14: 431.

	50.	 Strohle A. Physical activity, exercise, depression and anxi-
ety disorders. J Neural Transm 2009; 116: 777–784.

	51.	 Jabourian A, Lancrenon S, Delva C, et al. Gait velocity is an 
indicator of cognitive performance in healthy middle-aged 
adults. PLoS ONE 2014; 9: e103211.

	52.	 Angevaren M, Aufdemkampe G, Verhaar HJ, et al. Physical 
activity and enhanced fitness to improve cognitive func-
tion in older people without known cognitive impairment. 
Cochrane Database Syst Rev 2008; 2: CD005381.




