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ABSTRACT 
Type 2 diabetes mellitus (T2DM) is a prevalent disease in older adults and associated with functional impairment and 
abnormalities of the glycemic metabolism. Multicomponent training, which consists of strength, balance, coordination, gait, 
agility and proprioception exercises, is recommended to improve the physical function of the elderly, but its effects in the 
treatment of T2DM are not clear. The main goal was to investigate the effect of a multicomponent training protocol on 
functional and glycemic parameters in seniors with T2DM. Thirteen older adults (68±6 years) with T2DM were included. 
Before and after the intervention period, the following tests were performed: chair stand, arm curl, sit and reach, six-minute 
walk test (6MWT), fasting blood glucose and glycated hemoglobin (HbA1C). The training program was conducted for 16 
weeks, three times a week, on nonconsecutive days. Each session consisted of 10 minutes of warm-up, 50 minutes of 
multicomponent exercises (coordination, muscle strength, flexibility, balance and agility) and 10 minutes of stretching and 
relaxation. Statistical analysis was performed using paired t-test and the Wilcoxon test (p<0.05). Training induced an 
improvement in the arm curl (p = 0.001), sit and reach (p = 0.004), 6MWT (p = 0.009) and HbA1C (p = 0.01) tests. In 
conclusion, the multicomponent training protocol improved functional fitness and glycemic control in seniors with T2DM. 
However, fasting blood glucose levels and muscle strength of the lower limbs remained unchanged 
Keywords: Type 2 diabetes mellitus. Seniors. Physical exercise. Physical fitness. Blood glucose. 

Introduction 

The number of seniors with type 2 diabetes mellitus (T2DM) has increased worldwide 
due to population ageing and longer life expectancy1. In Brazil, it is estimated that more than 
20% of individuals over 65 years old have been diagnosed with diabetes, and this prevalence 
is expected to increase in the next decades2. 

T2DM is one of the main causes of adverse effects on the health of the elderly. In 
addition to micro and macrovascular complications, seniors with diabetes are more 

RESUMO 
A diabetes mellitus tipo 2 (DM2) é uma doença prevalente em idosos e está associada à incapacidade funcional e 
anormalidades do metabolismo glicêmico. O treinamento multicomponente, composto por exercícios de força, equilíbrio, 
coordenação, marcha, agilidade e propriocepção, é recomendado para melhorar a função física de idosos, porém seus efeitos 
no tratamento da DM2 não estão claros. Objetivou-se investigar o efeito de um protocolo de treinamento multicomponente na 
aptidão funcional e parâmetros glicêmicos de idosos com DM2. Foram incluídos 13 idosos com DM2 e idade de 68 ± 6 anos. 
Antes e após o período de intervenção foram realizados os seguintes testes: chair stand, arm curl, sentar e alcançar, teste de 
caminhada de seis minutos (TC6M), glicemia de jejum e hemoglobina glicada (HbA1C). O programa de treinamento foi 
realizado por 16 semanas, três vezes/semana, em dias não consecutivos. Cada sessão consistiu de 10 minutos de 
aquecimento, 50 minutos de exercícios multicomponentes (coordenação, força muscular, flexibilidade, equilíbrio e agilidade) 
e 10 minutos de alongamento e relaxamento. Para a análise estatística foi utilizado o teste t pareado e teste de Wilcoxon 
(p<0,05). O treinamento induziu melhora nos testes arm curl (p = 0,001), sentar e alcançar (p = 0,004), TC6M (p = 0,009) e 
HbA1C (p = 0,01). Conclui-se que o protocolo de treinamento multicomponente promoveu melhora da aptidão funcional e do 
controle glicêmico em idosos com DM2. Entretanto, a glicemia de jejum e a força muscular de membros inferiores 
permaneceram inalteradas. 
Palavras-chave: Diabetes mellitus tipo 2. Idoso. Exercício físico. Aptidão física. Glicemia. 
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susceptible to functional disability and fragility3. Physiological adaptations due to aging, such 
as increased adiposity and decreased muscle mass, may be more evident in elderly individuals 
with T2DM, meaning a greater loss of muscle strength and reduced physical function4. 
 Insulin resistance and chronic hyperglycemia, the main metabolic changes of T2DM, 
are associated with reduced muscle mass in the elderly, leading to functional limitations and 
decreased mobility in this population5. As a result, it is estimated that 70% of older people 
with diabetes have difficulty performing daily tasks such as going up and down stairs, 
cleaning the house, showering, eating and participating in leisure activities6. 
 Regular exercise is an important strategy to minimize the deficits caused by T2DM in 
the elderly. In addition to improving physical fitness, exercise has been recommended to aid 
glycemic control, with increased insulin sensitivity and improved glucose tolerance7,8. 
Although there is consensus about the benefits of exercise in the elderly population and in the 
treatment of T2DM, most studies refer only to aerobic and endurance training or the 
combination of both. 
 Multicomponent training (MT) has been proposed as an alternative to traditional 
training programs9. Characterized by endurance, strength, coordination, agility, balance, and 
flexibility exercises, MT is recommended by the American College of Sports Medicine 
(ACSM) to improve and maintain the physical function of the elderly10. 
 Some studies have shown that, in addition to improving physical fitness, MT is 
capable of increasing muscle mass and power in this population11,12. Besides, other studies 
report its benefits in metabolic and biochemical parameters, with increased insulin sensitivity, 
improved lipid profile and antioxidant capacity13-15. 
 Thus, considering that MT is prescribed for the elderly and that it can be a viable 
strategy in the management of T2DM, the present study aimed to investigate the effect of a 
multicomponent training program on the functional fitness and glycemic control of seniors 
with T2DM. 
 
Methods 
 
 This is a before/after-type quasi-experimental clinical study in which the sample was 
selected by convenience. 
 
Sample 
 The sample was composed of 13 volunteers recruited from Bauru’s Diabetes 
Association and the Physiotherapy Clinic of Sagrado Coração University (USC), Bauru/SP. 
The sample’s size was calculated based on a previous study9, considering the distance covered 
in the walking test as a variable outcome, calculated for a statistical power of 80% and an 
alpha error of 5%. For participation in the study, all volunteers signed the Free and Informed 
Consent Form, and all stages were approved by the Research Ethics Committee of the USC 
(No 817.372). 
 The study’s inclusion criteria were: 1) medical diagnosis of T2DM; 2) age> 60 years; 
3) both sexes; 4) not having practiced systematic exercise for at least three months; 5) medical 
evaluation to attest the absence of complications that contraindicated exercising. 
 
Assessments 
 Before and after the intervention period, in addition to functional and glycemic tests, 
the patients were subjected to clinical and anthropometric assessments. 
 In the clinical assessment, anamnesis was performed, with collection of personal data 
and information referring to life habits (diet and medication). Blood pressure was measured in 
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accordance with the VI Brazilian Guidelines for Hypertension16, using a stethoscope and a 
sphygmomanometer (Accumed®, Brazil). 
 In the anthropometric assessment, body mass and height were measured on a digital 
anthropometric scale (Filizola®, Brazil). BMI was calculated using the formula BMI = body 
mass/height2. Abdominal circumference was verified with the aid of an anthropometric tape 
measure (Cescorf®, Brazil) at the umbilical scar level17. 
 For functional fitness assessment, the following components were considered: 
flexibility, muscle strength and cardiorespiratory capacity. 
 Flexibility of the hamstrings and lumbar muscles was assessed through the sit-and-
reach test18. The test was executed in the seated position, extended knees, lower limbs slightly 
separated, and soles resting on a stool specifically designed for this purpose. In this position, 
the patient performed trunk flexion, with arms extended forward, in order to reach as far as 
possible. As a final result, the greatest measure among the three attempts made was 
considered. 
 Upper and lower limb muscle strength, respectively, were assessed by the arm curl and 
chair stand tests19. The arm curl test was performed in the seated position and consisted of 
elbow flexions as many times as possible for 30 seconds, wielding a dumbbell of 2.27 kg 
(women) or 3.63 kg (men). The chair stand test consisted of sitting on and rising from a chair 
as many times as possible in 30 seconds. At the end of each test, the total number of 
repetitions was registered. 
 Cardiorespiratory capacity was assessed by the 6-minute walking test (6MWT)20. To 
perform the test, the patients were instructed to walk as far as possible along a 30-meter 
corridor delimited by cones. At the end of the test, the total distance covered was registered. 
 Glycemic assessment was conducted after an 8-hour fast at the Laboratory of Clinical 
Analyses – Véritas Foundation. Glucose analysis used the enzymatic colorimetric method21 
Architect Ci8200SR (Abbott Park, Illinois, USA), in serum or plasma. Glycated hemoglobin 
A1C (HbA1C) was obtained by the immunoturbidimetry method22 (Siemens ADVIA 2400 
Chemistry System). 

 
Multicomponent Program 
 The multicomponent training program was developed based on ACSM 
recommendations10 and other studies that used the same type of training for the elderly9,11-14. 
Thus, the program was carried out three times a week, on non-consecutive days, lasting 16 
weeks. Each training session consisted of three stages: 

1) Warm-up: 10 minutes of preparatory exercises, which included joint rotations 
(neck, shoulders, hips, knees and ankles), plantar flexion in orthostatism, stationary 
march and light walking. 
2) Multicomponent training (Table 1): six to nine exercises in circuit form. Each 
training session was structured in three different sequences (Training A, B and C), 
which were executed each day of the week and repeated each week. The training 
lasted 50 minutes, being divided into five components: coordination, strengthening of 
the lumbopelvic complex, flexibility, balance, agility and muscle strength. Initially, 
the rest time between sets and repetitions was 50 to 70 seconds. 
3) Stretching: 10 minutes stretching the main anterior and posterior muscle chains of 
the trunk, upper and lower limbs. 

 Training load progression was performed in three moments, according to the 
principles of overload and volume-intensity interdependence (Table 2). Load increase was 
adapted for each type of exercise, using dumbbells and shin guards. 
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Table 1. Multicomponent training protocol 
 Component Exercise Description No of sets X 

repetitions 

T
R

A
IN

IN
G

 A
 

Coordination 
Lateral displacements (±10 meters) alternating the feet, with an “eight-shaped” 
trajectory around obstacles. 3 x 4 

Lumbopelvic 
Strengthening 

1. Sit-ups with feet on Swiss ball; 
2. Ventral decubitus, trunk extension on the floor, with Swiss ball between the legs. 3 x 10  

Flexibility 
Walking (± 12 meters) with hip flexing at 90º and knee extension; arms in opposite 
motion. 3 x 2 

Balance 
On unipodal support, associated with: 
1. Hip extension with knee extension. 
2. Hip flexion with knee flexion. 

3 x 10 

Agility 
Lateral ball throwing to another member, with trunk rotation; after each throw, 
perform a rotation (180o) of the body. 3 x 15 

Muscle strength 
Side squats associated with: 
1. Elbow flexion wielding dumbbells; 
2. Shoulder abduction wielding dumbbells. 

3 x 12 

T
R

A
IN

IN
G

 B
 

Coordination 
Six marks located on the wall at different heights (two high, two medium and two 
low); touch each one of them, successively, crossing the arms and wielding 
dumbbells. 

3 x 6 

Lumbopelvic 
strengthening 

Board: in ventral decubitus, maintain support on forearms and forefoot. 4 x 12  

Flexibility 
Sit on the chair; pick up the object ahead on the floor; rise; walk to the chair ahead; 
sit and return the object to the floor. 2 x 15 

Balance Go up and down stairs (two steps), forward and backwards, alternating legs. 3 x 12 
Agility Anteroposterior displacements (jogging), covering 10 meters. 3 x 10 

Muscle strength Squats with Swiss ball aid for lumbar support. 3 x 20 

T
R

A
IN

IN
G

 C
 

Coordination In pairs, play Swiss ball bouncing it on the floor; then switch places. 3 x 12 
Lumbopelvic 
Strengthening 

In pairs, sit-up on the floor facing each other, playing the Swiss ball at the end of the 
concentric phase. 3 x 10 

Flexibility 
Sitting on the chair, one leg flexed and the other extended diagonally; with arms 
together forward, perform trunk rotation, then flexion towards the extended leg. 2 x 15 

Balance 
On unipodal support: isometrically press the rubber ball positioned in the popliteal 
fossa. 3 x 15 (sec) 

Agility Lunge associated with the “air punch” movement with the contralateral upper limb. 3 x 12 

Muscle Strength 
1. Wall bending. 
2. Crucifix exercise with dumbbells. 3 x 10 

Source: The authors 
 
Table 2. Training load progression 

Variables Weeks 
1st-4th 5th-8th 9th-12th 13th-16th 

V
ol

um
e Training time - ↑ (+ 10 min.) - ↑↑ (+ 10 min.) 

No of sets and repetitions - ↑ (+1 set and +5 
repetitions) 

- ↑↑ (+1 sets and 
+5 repetitions) 

In
te

ns
ity

 

Rest time - - ↓ (40-60 s) - 

Load - - ↑ - 
Legend: ↑: increase; ↓: decrease 
Source: The authors 
 
Statistical Analysis 
 Data were analyzed using the Statistical Package for Social Sciences 20.0 (IBM®, 
USA). Data normality was verified by the Shapiro-Wilk test. Normal and non-normal 
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variables were expressed as mean (± standard deviation) and median (25-75% interquartile 
range), respectively. Comparison between moments was performed by the paired t-test and 
Wilcoxon (p <0.05). 
 
Results 
 
 Table 3 displays the characteristics of the sample at the initial moment, with the 
seniors’ demographic, anthropometric and general clinical data. As for life habits, it is 
emphasized that the participants were not receiving nutritional counseling at the beginning of 
the experiment, nor did they have their eating habits and medicines changed until the end of 
the training. 
  
Table 3. Initial Characteristics and Medicines Used 

Characteristics  
Sex (men/women) 7/6 
Age (years) 67.7 ± 6.4 
Time of Diagnosis (years) 17.7 ± 8.6 
BMI (kg/m2) 31.0 ± 5.9 
AC (cm) 106.7 ± 12.0 
SBP (mmHg) 125.1 ± 7.3 
DBP (mmHg) 72.2 ± 6.1 

Medicines  
Sulfonylurea 3 
Biguanide 11 
Gliptins 4 
Insulin 4 

Legend: Data expressed as mean ± standard deviation or absolute number of patients; BMI: body mass index; AC: 
abdominal circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure. 
Source: The authors 
 
 Table 4 shows results of functional and glycemic assessments before and after 
training. In the functional assessments, with the exception of the chair stand, a significant 
improvement was observed in all tests performed. The results of glycemic assessments 
showed a significant decrease in HbA1C, without changes in fasting blood glucose. 
 
Table 4. Functional tests and glycemic parameters in pre- and post-training moments 

Variables Pre Post p 
Functional Tests    

Sit and Reach (cm) 11.4 ± 8.7 14.5 ± 9.8* 0.004 
Arm curl (repetitions) 16.6 ± 3.4 19.4 ± 4.2* 0.001 
Chair stand (repetitions) 12.8 ± 2.8 13.7 ± 2.8 0.080 
6MWT (m) 480 [401-533] 511 [478-562]* 0.009 

Glycemic Parameters    
Fasting Blood Glucose 

(mg/dL) 126.3 [109.7-152.3] 126.4 [111.7-137.3] 0.576 

HbA1C (%) 7.2 ± 1.1 6.9 ± 0.9* 0.010 
Legend: ¨MWT: 6-minute walking test; HbA1C: glycated hemoglobin. *p<0.05. 
Source: The authors 
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Discussion 
 
 The results obtained in the present study showed that 16 weeks of MT contributed to 
improving flexibility, upper limb muscle strength and cardiorespiratory capacity in elderly 
patients with T2DM. No changes in the chair stand test were verified, suggesting maintenance 
of muscle strength in the lower limbs. In the glycemic assessment, although there was no 
change in fasting blood glucose, decreased HbA1C was observed. 
 The findings reinforce the ACSM’s recommendation10 of prescribing MT for the 
elderly to maintain or improve physical function. However, although several studies have 
shown the benefits of MT11-14, there is a lack of standardization with regard to exercise types, 
volume, intensity and load progression. 
 The protocol proposed in this study, in addition to strength and flexibility exercises, 
also emphasized physical abilities such as agility, balance and coordination, which are often 
neglected in adult training programs, but are considered fundamental in exercise programs for 
seniors. Vaughan et al.12 found improvements in the physical function of elderly women after 
16 weeks of multimodal training involving strength, endurance, balance, agility, coordination 
and flexibility exercises. 
 Concerning the sit-and-reach test, improvement in flexibility was observed after the 
MT protocol. Similarly, a study carried out by Carvalho et al.11 verified improvements in 
flexibility in the sit-and-reach test after eight weeks of MT involving aerobic, endurance, 
agility, balance and flexibility exercises. In individuals with T2DM, flexibility gain should be 
considered a relevant data, since the disease may lead to decreased range of motion due to 
collagen glycosylation in the joints23. 
 The 6MWT evidenced an increase in the total distance covered, suggesting an 
improvement in functional capacity and cardiorespiratory capacity after the proposed MT 
protocol. Corroborating our results, Carvalho et al.14 verified a significant increase in covered 
distance in the 6MWT among elderly women after 8 months of MT program involving 
aerobic, strengthening, balance and flexibility exercises. In contrast, Marques et al.24 studied 
the effects of MT and found no improvement in the 6MWT after 8 months, with aerobic, 
endurance, strength, agility, balance and flexibility exercises. Possibly, these divergences 
occurred due to a difference in training volume, since both were performed three times and 
twice a week, respectively. 
 In the arm curl test there was increase in the functional strength of the upper limbs, 
which was also observed in other studies with seniors11,25. On the other hand, in the chair 
stand test, there was no significant improvement. Such phenomenon may be related to the fact 
that elderly people with T2DM present a greater decline in muscle mass and strength of the 
lower limbs4, which may result from the development of some degree of neuropathy26,27. 
Perhaps, with greater load and amount of exercises for the lower limbs, or longer training 
time, increased strength could have been observed. 
 As for glycemic results, there was significant decrease in HbA1C, with no changes in 
fasting blood glucose. Fasting blood glucose represents the current and instantaneous balance 
of blood glucose at the exact moment it was checked, while HbA1C assesses long-term 
glycemic control, reflecting previous blood glucose in the last four months (50% relative to 
the month preceding the test, 25% to the previous month, and the other 25% to the third or 
fourth months)28. 
 Although both tests can be used to assess glycemic control, independent measuring of 
fasting blood glucose is considered insufficient to monitor glycemic control28, as it may 
underestimate mean glycemia and HbA1C values29. Moreover, although fasting blood glucose 
was collected and analyzed by standardized and validated methods, it can be influenced by 
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several factors, including level of stress30, which was not measured in the present study. For 
this reason, the HbA1C test, which represents the glycemic mean of the last three or four 
months, has been used as a gold standard to monitor glycemic control in individuals with 
diabetes28. 
 Decreased HbA1C may be associated with chronic effects of exercise. Such effects are 
obtained by improving skeletal muscle responsiveness to insulin, with increased expression 
and/or activity of proteins involved in glucose metabolism and insulin signaling31,32. 
 In the present study, despite improvements in glycemic control, there should be 
caution when recommending this type of training for this purpose and as an alternative to 
aerobic and endurance training. A meta-analysis performed by Umpierre33, for instance, 
observed that aerobic and endurance training, respectively, can lead to reductions of up to 
0.73% and 0.57% in HbA1C. Considering this reference, the proposed MT protocol seems to 
have had less effect on HbA1C, considering that the reduction was 0.33%. 
 As one strength of this study, we highlight the beneficial effects of MT in various 
physical capacities, such as muscle strength, flexibility and cardiorespiratory capacity, which 
are essential for the elderly population, with direct influence on the performance of daily 
activities and quality of life. Furthermore, considering that the population studied was seniors 
with T2DM, who are more susceptible to physical disabilities4-6, the positive results of this 
study support the importance of MT in the management and prevention of functional deficits 
in this population. Nevertheless, like any physical exercise program applied to the elderly, the 
implementation of MT should be accompanied by strategies aimed at deconstructing the many 
barriers that contribute to the participants’ non-compliance34. 
 Finally, although important findings have been observed in our study, some limitations 
should be mentioned. The first one concerns the absence of a control group, which makes it 
impossible to compare groups and prevents a direct inference of MT’s effect. Secondarily, we 
considered as limitation the difficulty in comparison with other studies involving MT, which 
used different variations as to exercise types and training volume and intensity. Lastly, 
another limitation observed concerns the determination of the initial intensity of the exercises, 
since the literature does not have specific methods to quantify and prescribe loads for 
neuromotor training (agility, coordination and balance)10. Thus, the adjustment of initial loads 
in these exercises was done based on the perception of each individual, which may have 
underestimated the ideal training intensity. 
 
Conclusion 
 
 The MT protocol provides improved functional fitness and glycemic control in elderly 
patients with T2DM. However, it is not efficient for lower limb strength gains in this 
population. Nevertheless, we suggest the proposed protocol as an alternative to conventional 
training, aiming solely at improving physical function in seniors with the disease. Although 
MT has contributed to improved glycemic control, other clinical trials should be performed, 
especially to confirm the magnitude of the effect on HbA1C. 
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