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Abstract
Background Aging and type-2 diabetes (T2D) are the most important risk factors for cognitive impairment and 
Alzheimer’s disease. Exercise training is an effective, safe, and practical intervention in improving glucose metabolism, 
physical function, and cognitive disorders. This pilot study investigated the feasibility and preliminary efficacy of 
high-intensity low-volume (HIFT) vs. low-intensity high-volume (LIFT) functional training in elderly T2D patients with 
cognitive impairment.

Methods Forty-eight elderly T2D patients (31 female, 17 male, age 67.5 ± 5.8 years, MMSE score 18.8 ± 2.6, FBG 
209.5 ± 37.9) were randomly assigned to HIFT, LIFT and control groups. Cognitive impairment was diagnosed with 
MMSE ≤ 23 based Iranian society. The SDMT, CVLT-II, BVMT-R, and Stroop tests were used to evaluated processing 
speed, learning, memory and attention respectively. Physical fitness tests include: tandem stance and walk test; 
TUG; 6MWT, 10MWT; SSST; 5TSTS; and hand grip was used to evaluated static and dynamic balance, agility, walking 
endurance, gait speed, lower limb function and lower and upper body strength respectively. As well as, Biochemical 
(FBG, insulin, HOMA-IR, HbA1c) and physiological outcomes (SBP, and DBP) were assessed. The HIFT group performed 
six weeks of functional training (three sessions per week) with 120–125% of the lactate threshold. The LIFT group 
performed six weeks of functional training (five sessions per week) with a 70–75% lactate threshold. Feasibility, safety, 
and acceptability of exercise programs were assessed at the end of the study.

Result HIFT showed a higher adherence rate (91% vs. 87.5%), safety, and acceptability compared to LIFT. MMSE and 
Stroop scores, 6MWT, FBG, insulin, HOMA-IR, HbA1c, SBP, and DBP significantly improved in HIFT (all, P ≤ 0.004) and 
LIFT (all, P ≤ 0.023). Changes in 6MWT, FBG, insulin, HOMA-IR, and HbA1c in HIFT (all, P ≤ 0.001) and LIFT (all, P ≤ 0.008) 
were significant compared to the control group. Changes in Stroop scores were significant only in the HIFT group 
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Background
Aging, as one of the most sensitive periods of life, 
is associated with many unfortunate consequences, 
including the occurrence of metabolic and psycho-
logical diseases and movement disorders [1]. Accord-
ing to WHO statistics in 2015, the number of people 
aged ≥ 60 was approximately 900  million people, which 
will reach approximately 2 billion people by 2050 [2]. In 
Iran, according to the latest census in 2015, the popula-
tion of elderly people aged ≥ 60 years was 9.28%, and it 
will be approximately 25 to 30% of the total population 
of the country in 2031 [3]. Aging is associated with an 
increased risk of metabolic diseases, including diabe-
tes. The prevalence of type 2 diabetes (T2D) is directly 
related to increasing age [4]. The forecast from the WHO 
shows that in 2025, the population of elderly diabetics 
will reach 300 million people, and in some races, 50% of 
the elderly population will have diabetes [5]. One of the 
most important problems in the elderly are cognitive 
impairment, dementia, and finally Alzheimer’s disease. 
Several risk factors cause the occurrence and exacerba-
tion of cognitive impairment in elderly individuals and 
one of the most important known risk factors is diabetes 
[6]. Recently, researchers have proposed that “type-3 dia-
betes” (T3D) is a neurological disease that represents the 
progression of T2D to Alzheimer’s disease [7]. T3D is a 
neurohormonal defect related to insulin signaling, which 
is associated with an 80% decrease in the number of insu-
lin receptors in patients compared to healthy individuals 
[8]. To better understand this mechanism, the hypothesis 
of “metabolic cognitive syndrome” (MCS) can be pro-
posed to justify the complex relationship between meta-
bolic and cognitive disorders [9]. Physiological symptoms 
such as extracellular insoluble plaques, internal nerve 
nodules, loss of hippocampal neurons, a decrease in 
acetylcholine production and a decrease in glucose con-
sumption in the cerebrum and hippocampus (along with 
memory loss) cause [10]. All these changes in the brain 
are the result of long-term dysregulation of insulin sig-
naling and glucose metabolism [11]. Unlike to the usual 
medical interventions, which are associated with some 
side effects, it proved that a decrease in blood glucose 

and blood lipid profiles as a result of an improved lifestyle 
(physical activity and exercise along with a healthy diet), 
behavior patterns and body composition is cornerstone 
of diabetes management [12]. exercise training is an 
effective, safe, and practical intervention in the treatment 
of disorders caused by TD3, including glucose metabo-
lism and insulin signaling [13], improving inflammation 
[14] and improving cognitive disorders [15].

Considering that the positive effects of aerobic [16], 
resistance [17], and combined [15] exercise training on 
cognitive and motor performance in elderly T2D patients 
with cognitive impairment have been investigated in a 
few limited studies, the need for more studies is increas-
ingly apparent. To achieve reliable results in the field of 
the effect of exercise training in elderly T2D patients with 
cognitive impairment, a more precise exercise prescrip-
tion is needed. It is recommended that for elderly indi-
viduals with T2D, exercise intensity is one of the most 
important exercise variables that must be carefully con-
trolled [18, 19]. Some studies show that high-intensity 
exercises have more effects on the cognitive performance 
of elderly individuals with diabetes [15, 16]. On the other 
hand, it has been reported in a review study that for 
elderly individuals with cognitive disorders, an exercise 
program with shorter sessions and more sessions is more 
suitable [20]. As well as, it shown that eight sessions of 
dynamic sitting exercises improves cognitive perfor-
mance and quality of sleep in older adults with cognitive 
impairment [21]. Although, both aerobic and resistance 
exercises improve some aspects of cognitive and motor 
performance [22]. However, combined exercises (aerobic 
and resistance) did not improve all cognitive and motor 
functions [15]. But, it seems that functional exercises 
can improve the cognitive and motor performance of the 
elderly due to the creation of more mental challenges. 
Functional training is a special rehabilitation intervention 
that is used in more realistic environments to improve 
the performance of daily activities and includes aerobic 
exercises, resistance exercises, balance exercises, proprio-
ceptive integration exercises, body positioning exercises, 
and core muscle stability exercises [23, 24]. A growing 
body of evidence shows how functional exercises create 

compared to the control group (P = 0.013). SDMT, CVLT-II, BVMT-R, balance test, 10MWT, SSST, TUG and hang grip 
significantly improved only in HIFT (all, P ≤ 0.038).

Conclusion HIFT vs. LIFT is a safe, feasible, and effective approach for improving some aspects of physical, 
biochemical, and cognitive function in elderly T2D patients with cognitive impairment. This pilot study provides initial 
proof-of-concept data for the design and implementation of an appropriately powered randomised controlled trial 
(RCT) of HIFT vs. LIFT in a larger sample of elderly T2D patients with cognitive impairment.

Trial registration Randomized controlled trial (RCT) (Iranian Registry of Clinical Trials, trial registration number: 
IRCT20230502058055N1. Date of registration: 11/06/2023.
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adaptation in the structure and function of the brain [25, 
26]. In general, exercise training is very important for 
elderly T2D patients to improve their cognitive and func-
tional status. However, the exercise program for these 
people should be carefully designed and recommended 
in terms of intensity, duration, type, and length of the 
course. Therefore, the aim of this pilot study is to inves-
tigate the feasibility and preliminary effectiveness of six 
weeks of different intensities of functional exercises in 
elderly T2D patients with cognitive impairment.

Method
Design
The Ethics Committee of Baqiyatallah University 
of Medical Sciences, Tehran, Iran (IR.BMSU.BAQ.
REC.1401.109) and Iranian Registry of Clinical Tri-
als (IRCT20230502058055N1; Date of registration: 
11/06/2023) approved this pilot study involved feasibil-
ity and preliminary efficacy and performed based on the 
Declaration of Helsinki. The subjects all signed a written 
letter of consent.

Participants
Elderly patients with T2D were recruited from the 
Shahrekord Diabetes Association, Shahrekord, Iran. The 
inclusion criteria included elderly (male/females) age ≥ 60 
years, cognitive impairment/dementia (Mini–Men-
tal State Examination (MMSE) score > 23, fasting blood 
glucose (FBG) ≥ 126  mg/dL (7.0 mmol/L)), diagnosis of 
diabetes (hemoglobin A1c (HbA1c) ≥ 6.5% (48 mmol/
mol), based on the Iranian population [27]) and ability to 
walk without assistance. The exclusion criteria included 
diabetic foot ulcer, smoking and alcohol consumption, 
cancer, participation in regular exercise programs or 
drug interventions (such as anti-Alzheimer’s drugs), and 
surgery. Finally, the sample size of 48 (16 per group) was 
selected following other pilot studies of exercise inter-
vention in the elderly population [28, 29] and pilot feasi-
bility trials [30, 31].

Randomisation
To generate the randomisation scheme, the website Ran-
domisation.com was used (http://www.randomisation.
com). Subjects were randomly assigned into high-inten-
sity functional training (HIFT), low-intensity functional 
training (LIFT) and control groups with randomisation 
stratified by MMSE scores, age, and blood glucose. Sub-
jects were randomised to groups based on a block ran-
domisation method. The subjects were allocated to a 
2:2:2 ratio into conditions (Fig. 1). The MMSE score and 
other clinical measurements were determined using an 
expert physiologist with no role in random allocation. 
Following the primary examinations, the subjects were 
assigned with equal probability to the HIFT, LIFT, and 

control groups. The randomisation allocation table was 
generated by a member of the team blinded to the assess-
ments. Afterward, the allocation numbers were placed 
envelopes and sealed.

The age and duration of the disease were extracted 
from the patients’ medical records. Height was measured 
by a portable height measuring meter wall mounted 
retractable, and weight, fat mass, body mass index (BMI), 
and lean mass were measured using an InBody-570 made 
in Korea.

Modified Bruce test
Maximum oxygen consumption and maximum heart 
rate were evaluated using the modified Bruce test (rec-
ommended for the elderly) [32]. To examine the maxi-
mum oxygen consumption and maximum heart rate, 
the modified Bruce protocol was employed. Compared 
to the standard Bruce test, the modified version starts at 
a lower workload and it is usually utilized for sedentary 
and old age patients. The starting two stages of the test 
are carried out at 1.7mph and 0% grade and 1.7mph and 
5% grade. The third stage is similar to the first stage of the 
standard version as mentioned above. VO2max was mea-
sured by following the formula based on the result of the 
modified Bruce protocol. Additionally, the subject’s max-
imum heart rate during exhaustion was measured [32].

 

Women : VO2max (ml/kg/min)
= 4.38 × T − 3.9 Men : VO2max (ml/kg/min)
= 2.94 × T + 7.65

Cognition and dementia
The MMSE test was used to diagnose and screen cogni-
tive impairment and dementia. The MMSE is a test to 
evaluate the quality of consciousness by diagnosing and 
screening dementia, the maximum score of which is 30. 
Based on the scores obtained for Iranian society, a score 
of less than 23 on the MMSE test indicates dementia or 
cognitive impairment [33]. Through the Symbol Digit 
Modalities Test (SDMT) processing speed was evaluated 
[34], using the California Verbal Learning Test Second 
Edition (CVLT-II) learning was examined [35], utilizing 
the Brief Visuospatial Memory Test-Revised (BVMT-R) 
memory evaluated [36], and using the Stroop Color and 
Word Test (SCWT) attention was examined [37].

Functional tests
Static and dynamic balance was measured by a tandem 
stance group test that was examined using 10 positions. 
The subjects were tested after standing still for 20 s [38]. 
Test positions included (1) Semitandem stance, (2) Tan-
dem stance, (3) Wide stance, (4) Narrow stance, 5,6) 
Right and/or left leg stance with eyes closed, 7) Tandem 

http://www.randomisation.com
http://www.randomisation.com
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walk (dynamic balance); walk with feet with tandem posi-
tion that is with the heel of one foot in front of and touch-
ing the toes of the other foot around the 3 m straight line, 
8,9) Right and/or left leg stance with eyes open, 10) Feet 
tandem with eyes closed. It is notable, that it would be 
considered an error when if the person steps out of the 
position or a step in which the heel of the front does not 

touch the toes of the other foot and for each error one 
second would be added.

To assess gait speed, the ten-meter walking test 
(10MWT), walking endurance, six-minute walking test 
(6MWT) [39], and lower extremity (risk of falling) six 
spot step test (SSST) [40] were used. The timed up-and-
go test (TUG) was employed to examine reaction time 
[39]. Hand grip [41] and the five-time sit-to-stand test 

Fig. 1 Study flowchart
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(5TSTS) [42] were used to assess upper and lower body 
strength.

Biochemical and physiological measures
Twenty-four hours prior to the exercise protocol and 
48  h following the final session blood samples (10 mL) 
from the antecubital vein were collected in a sitting posi-
tion with a 12-hour fasting state. Measuring FBG was 
carried out using a glucose oxidase method kit (Pars 
Azmoon, Iran) using autoanalyzer devices (Hitachi®, 
704, 902, Japan). To measure serum insulin concentra-
tion, enzyme-linked immunosorbent assay (ELISA) was 
used with a microplate reader. To determine homeostasis 
model assessment of insulin resistance (HOMA-IR), the 
following formula was used: (fasting glycemia [mmol/
L]×fasting insulin [mIU/L])/22.5 [43]. Those who had 
used insulin injection did not undergo the HOMA-IR 
analysis. HbA1c was measured by immunoturbidometry. 
Systolic (SBP) and diastolic blood pressure (DBP) were 
determined using a digital sphygmomanometer after 
15 min of rest in stable conditions.

All measures were assessed 24  h before treatment 
(baseline) and 48  h following the intervention (follow-
up). A research assistant blinded to the grouping, carried 
out all the baseline and following measurements.

Exercise training interventions
Subjects in the HIFT group performed functional train-
ing with an intensity higher than the lactate threshold 
(75–85% of the heart rate reserve (HRR), equivalent to 
80–85% of the maximum oxygen consumption, equiva-
lent to 120–125% of the lactate threshold) [44–46]. Sub-
jects were first to undergo a one-week acquaintance 
training course (three sessions per week) under direct 
supervision to learn about functional exercises and the 
gym environment and familiarise themselves with the 
equipment. Then, for six weeks (three sessions per week), 
they continued functional exercises while being super-
vised by physical trainers. Each HIFT session consists of 
30–35  min of activity, which will include 1- endurance 

exercises, 2- upper and lower body strength, 3- balance 
exercises and maintaining posture, and 4- hip control 
exercises and mid-body stability. The ratio of rest to 
activity time in this group was 1:1. (Table 1).

Subjects in the LIFT group performed functional 
training with an intensity lower than the lactate thresh-
old (35–45% of HRR, equivalent to 50–60% of maximal 
oxygen consumption, equivalent to 70–75% of lactate 
threshold) [44–46]. Subjects first undergo a one-week 
acquaintance training course (five sessions per week) 
under direct supervision to learn about functional exer-
cises and the gym environment and familiarise them-
selves with the equipment. Then, for six weeks (five 
sessions each week), they continued functional exercises 
while being supervised by a physical trainers. The ratio of 
rest to activity time in the LIFT group was 3:1. Therefore, 
the approximate time of each session was between 40 and 
45 min.

Ten minutes of warm-up before each session and five 
minutes of cool-down at the end of each session were 
considered. The heart rate was monitored by a polar 
heart rate monitor to control the training intensity dur-
ing the training sessions. Additionally, lactate levels were 
evaluated after the end of each session to determine and 
adjust the level of intensity of exercise training (Table 1).

The subjects in the control group had no exercise inter-
vention while in the study.

Feasibility metrics
After six weeks, the subjects were asked to fill out a ques-
tionnaire with 12 items about acceptability and opinions 
about treatment. The data collected through this pro-
vided an insight about the intervention. The feasibility of 
the interventions was examined in the four domains such 
as retention and recruitment, resources such as costs and 
communication, scientific results such as burden, safety, 
experience, adherence, and the effects of treatment, and 
management such as safety reporting and data manage-
ment. The results are listed in Table 2.

Table 1 Exercise protocol
Sessions (HIFT) Sessions (LIFT) Functional training

Week 1–2 • S1-3 (25–30 min per session)
• 10–12 Rep
• 75% HRR
• 1:1 rest to active ratio

• S1-5 (35–40 min per session)
• 7–9 Rep
• 35% HRR
• 1:3 rest to active ratio

�  Endurance training
�  Posture and Balance exercises
�  upper and lower-extremity strength
�  Pelvic control exercises and core stability training

Week 3–4 • S1-3 (25–30 min per session)
• 12–14 Rep
• 80% HRmax
• 1:1 rest to active ratio

• S1-5 (35–40 min per session)
• 8–10 Rep
• 40% HRR
• 1:3 rest to active ratio

�  Endurance training
�  Posture and Balance exercises
�  upper and lower-extremity strength
�  Pelvic control exercises and core stability training

Week 5–6 • S1-3 (30–35 min per session)
• 10–12 Rep
• 85% HRR
• 1:1 rest to active ratio

• S1-5 (40–45 min per session)
• 7–9 Rep
• 45% HRR
• 1:3 rest to active ratio

�  Endurance training
�  Posture and Balance exercises
�  upper and lower-extremity strength
�  Pelvic control exercises and core stability training
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Statistical analysis
Descriptive analyses including mean score and SD were 
reported for baseline and follow-up. Baseline specifica-
tions were compared using one-way ANOVA to deter-
mine similarity between the groups. In addition, the 
Shapiro‒Wilk test and frequency distributions were 
carried out to examine variance to fulfil the neces-
sary assumptions for performing parametric statistical 

analysis for continuous variables. A two-way mixed-fac-
tor ANOVA (2 times×3 groups) was used to find the 
main differences following six weeks of intervention. 
To determine significant interaction effect, Bonferroni’s 
method was applied. Cohen’s d effect size (d) was also 
used to measure effect size (ES) in t tests. An intention-
to-treat (ITT) analysis was performed, so that for missing 
data (lost to follow-up), multiple imputations were car-
ried out. Data analysis was done in SPSS (v.24) (p < 0.05).

Result
We assessed 63 diabetic elderly individuals for eligibility 
in a diabetes clinic (the Shahrekord Diabetes Associa-
tion, Shahrekord, Iran). Following the preliminary visit, 
48 subjects (31 female, 17 male, age 67.5 ± 5.8 years, 
MMSE score 18.8 ± 2.6, FBG 209.5 ± 37.9) were recruited. 
The subjects were randomly allocated to groups: 16 were 
allocated to HIFT, 16 to LIFT and 16 to control. No sig-
nificant differences were observed in disease-modifying 
therapies or symptomatic therapies between the group 
before the intervention nor was there any changes in 
pharmacological treatments in the study. Five subjects 
(one subject from HIFT, two subjects from LIFT, and 
control) were excluded during the 6 weeks of training. 
The clinical study flowchart is illustrated in Fig. 1.

Table 3 lists the clinical and demographic specifications 
of the subjects. In short, the mean age of the subjects is 
67.8 (SD = 5.7) years and the majority were women (65% 
of the sample). All subjects had T2D (100%) and suffered 
from impairment (MMSE: 19.4 (3.3)). No significant dif-
ferences was observed between the subjects before the 
intervention in terms of age (P = 0.784), height (P = 0.413), 
weight (P = 0.388), BMI (P = 0.442), FBG (P = 0.559), insu-
lin (P = 0.885), HbA1c (P = 0.731), SBP (P = 0.506), DBP 

Table 2 Measures of feasibility for assessment strategy, 
monitoring and methodology of study protocol
Metrics Monitoring and strategy Method of assessment
Process
-Recruit-
ment and 
retention

-Recruitment and reten-
tion rate
- Retention & attrition

The participants were 
recruited using telephone 
calls, email, word of mouth 
promotion, and brochures. 
The potential participants 
were entered into Excel 
software. In addition, the 
subjects recruitment flow 
and program section were 
input in Excel software.

Resources
-Monetary 
and com-
munication 
needs of the 
study

- Communication with 
participants
- Costs of research

All connections with 
participants were added to 
Microsoft Excel. There were 
not any connection chal-
lenges during the six weeks 
of treatment.
- All the expenses of the 
study was calculated.

Manage-
ment
- Safety 
report and 
data man-
agement of 
the study.

-SKU approval procedures
- Preparing the staff and 
report time for participant 
communication
- accuracy and time in 
data collection/entry

- All communications be-
tween staff and BMSU and 
time gap between MBSU 
submission and approval 
were
- All call time, preparation, 
and time of taking reports 
during the program were 
input in Excel.
- Additional data such 
as record time to collect, 
completeness, enter, and 
check data was added into 
Microsoft Excel.

Scientific
-Safety, 
burden, 
adherence, 
experience, 
and treat-
ment effect

- Serious adverse events 
(SAE)handling and report-
ing adverse events (AE), 
and clinical emergencies
- Clinical emergencies, 
AEs, and SAEs.
- Adherence, participants’ 
burden, and experience in 
the program
- Treatment effect

- The subjects were required 
to record and report medical 
issues to the coaches. In ad-
dition there were required to 
fill out a questionnaire about 
their history of exercise 
treatments. The provided 
answers were recorded.
-The subject reported their 
adverse events, exercise ses-
sions, and experiences in log 
books for further discussion 
during the visits.
- The clinical meaningful-
ness and effect size of 
any change in functional, 
biochemical, and cognitive 
outcomes were determined.

Table 3 Baseline demographic and clinical characteristics of 
subjects in the study group
Variable HIFT LIFT Control P 

value
Age 66.47 ± 6.61 68.35 ± 5.44 67.76 ± 5.49 0.784
Height 164.33 ± 5.42 167.77 ± 6.38 165.21 ± 6.16 0.413
Weight 76.13 ± 7.76 74.35 ± 4.19 78.67 ± 5.54 0.388
BMI 28.25 ± 1.85 26.36 ± 2.31 28.86 ± 2.04 0.442
FBG (mg/dl) 208.75 ± 38.42 214.33 ± 35.24 205.58 ± 40.11 0.559
Insulin (mu/l) 10.10 ± 1.69 10.82 ± 1.46 9.96 ± 1.74 0.885
HOMA-IR 5.21 ± 1.33 5.73 ± 1.41 4.97 ± 1.38 0.611
HbA1c % 8.88 ± 1.91 9.07 ± 2.03 8.85 ± 1.85 0.731
SBP 146.14 ± 15.88 141.76 ± 16.13 142.24 ± 11.33 0.506
DBP 94.65 ± 5.33 92.54 ± 6.11 93.34 ± 6.08 0.572
MMSE 18.62 ± 2.84 19.08 ± 2.45 18.86 ± 2.57 0.724
HIFT: high-intensity functional training; LIFT: low-intensity functional training; 
BMI: body mass index; FBG: fasting blood glucose; HOMA-IR: homeostasis 
model assessment of insulin resistance; HbA1c: hemoglobin A1c; SBP: systolic 
blood pressure; DBP: diastolic blood pressure; MMSE: Mini–Mental State 
Examination
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(P = 0.572) or MMSE score (0.724) between the study 
groups.

Scientific feasibility: burden and experience
The subjects in HIFT (n = 16) and LIFT (n = 16) filled out 
the questionnaire. Based on VAS (visual analogue scale 
0–10), the subjects in HIFT indicated a positive global 
rating on treatment received (9.5) vs. LIFT (8.8). They 
also stated that the duration of the study was enough (9.1 
vs. 8.4), and found the objective feasible (9.2 vs. 7.4). In 
addition, they noted that the feedback given during the 
intervention was clear (9.4 for both treatment) and that 
they found the training enjoyable (9.2 vs. 8.3) and felt sat-
isfaction with the outcomes (9.6 vs. 8.7). They reported 
tiredness after each session (8.1 vs. 7.4), and highlighted 
the necessity for more rests (2.8 vs. 2.9). The subjects in 
HIFT group mentioned that lower body practices (80.2%) 
with the highest yield, and core practices (28.5%) with the 
lowest yield. In comparison, subjects in LIFT group men-
tioned that the core body practices (62%) had the best 
outcomes and lower body practices (33.5%) had the poor-
est results.

Adherence rate
The rate of participation in the HIFT group was 91% (262 
of 288 sessions) for six weeks; this figure for the LIFT 
group was 87.5% (420 of 480 sessions).

Safety
No adverse (serious or otherwise) events were reported 
by the LIFT groups; while HIFT participation reported 
some mild pain, muscle cramps, and fatigue. These 
reports were directly examined (via researcher) and indi-
rectly checked (patients were asked to contact staff).

Satisfaction with study components
All the subjects (n = 32, 100%; n = 16 of HIFT and n = 16 
of LIFT) mentioned that the study coordinator, training 
sessions, and exercise manual were essential for the par-
ticipations. In addition, they stated their satisfaction with 
the study coordinator, training sessions, and the inter-
vention overall.

Cognition outcomes
Two-way mixed-factor analysis showed a significant 
time main effect (p = 0.035) but not a group main effect 
(p = 0.306) or group by time interaction effect (p = 0.122) 
for the MMSE score. When examining within-group 
changes, we observed a significant increase in MMSE 
scores for the HIFT (ES = 0.73, 95% CI, 0.57, 0.88, 
P = 0.004) and LIFT groups (ES = 0.71, 95% CI, 0.55, 0.87, 
P = 0.007) but not for the control group (ES= -0.09, 95% 
CI, -0.24, 0.07, P = 0.781). Effect size estimates for the 
MMSE score demonstrated that the overall effect size 

and the lower and upper confidence interval bounds 
for the HIFT and LIFT groups were “moderate,” while 
the nonsignificant changes for the control group were 
deemed “trivial”.

There were significant time main effects (p = 0.044) 
and group by time interaction effects (p = 0.032) but not 
group main effects (p = 0.077) for the Stroop test. Within-
group analyses demonstrated a significant increase in 
Stroop scores for the HIFT (ES = 0.82, 95% CI, 0.68, 0.98, 
P = 0.001) and LIFT groups (ES = 0.72, 95% CI, 0.56, 0.88, 
P = 0.005) but not for the control group (ES= -0.24, 95% 
CI, -0.44, -0.13, P = 0.236). Effect size estimates for the 
Stroop score demonstrated that the overall effect size and 
the lower and upper confidence interval bounds for HIFT 
were “large,” and those for the LIFT group were “mod-
erate,” while the nonsignificant changes for the control 
group were deemed “small.” Between-group comparisons 
demonstrated that Stroop score changes in the HIFT 
group were significant vs. the control group (P = 0.013).

There were no significant group and time main effects 
or group by time interaction effects on SDMT, CVLT-
II, or BVMT-R scores (p > 0.05). Within-group analyses 
demonstrated a significant increase in the SDMT score 
for HIFT (ES = 0.55, 95% CI, 0.40, 0.71, P = 0.032) but 
not for LIFT (ES = 0.22, 95% CI, -0.07, 0.38, P = 0.287) or 
control (ES = 0.08, 95% CI, -0.07, 0.24, P = 0.794). Within-
group analyses demonstrated a significant increase in 
the CVLT-II score for HIFT (ES = 0.61, 95% CI, 0.42, 
0.80, P = 0.019) but not for LIFT (ES = 0.42, 95% CI, 0.26, 
0.57, P = 0.141) or control (ES = 0.06, 95% CI, -0.12, 0.25, 
P = 0.887). Within-group analyses demonstrated a sig-
nificant increase in BVMT-R scores for HIFT (ES = 0.66, 
95% CI, 0.51, 0.82, P = 0.012) but not for LIFT (ES = 0.45, 
95% CI, 0.2296, 0.60, P = 0.127) or control (ES= -0.15, 
95% CI, -0.31, 0.00, P = 0.476). Effect size estimates for 
SDMT, CVLT-II, and BVMT-R scores demonstrated that 
the overall effect size and the lower and upper confidence 
interval bounds for HIFT were “moderate,” while the 
nonsignificant changes for the LIFT group were “small,” 
and the control group were deemed “trivial.” (Table 4).

Fitness outcomes
There was only a significant time main effect (p = 0.001), 
group main effect (p = 0.006), or group by time interac-
tion effect (p = 0.001) for the 6MWT. When examining 
within-group pre-post changes, we observed a significant 
increase in the 6MWT for the HIFT (ES = 0.91, 95% CI, 
0.75, 1.07, P > 0.001) and LIFT groups (ES = 0.85, 95% CI, 
0.69, 1.01, P > 0.001) but not for the control group (ES= 
-0.11, 95% CI, -0.26, 0.04, P = 0.502). Effect size estimates 
for the 6MWT demonstrated that the overall effect size 
and the lower and upper confidence interval bounds for 
the HIFT and LIFT groups were “large,” while the non-
significant changes for the control group were deemed 
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“trivial.” Between-group comparisons demonstrated that 
6MWT changes in the HIFT and LIFT groups were sig-
nificant vs. the control group (both, P = 0.001).

There were no significant group and time main effects 
or group by time interaction effects on other fitness out-
comes (p > 0.05). On the other hand, within-group analy-
ses demonstrated a significant improvement in static 
balance for HIFT (ES = 0.50, 95% CI, 0.34, 0.65, P = 0.47) 
but not for LIFT (ES = 0.32, 95% CI, 0.16, 0.47, P = 0.404) 
or control (ES = 0.01, 95% CI, -0.15, 0.16, P = 0.901). 
Dynamic balance showed a significant improvement 
for HIFT (ES= -0.58, 95% CI, -0.73, -0.42, P = 0.023) but 
not for LIFT (ES= -0.25, 95% CI, -0.40, -0.09, P = 0.218) 
or control (ES = 0.02, 95% CI, -0.13, 0.18, P = 0.868). The 
10MWT significantly improved the HIFT (ES= -0.53, 
95% CI, -0.58, -0.47, P = 0.035) but not the LIFT (ES= 
-0.21, 95% CI, -0.36, -0.05, P = 0.254) or control (ES= 
-0.07, 95% CI, -0.22, 0.09, P = 0.823). The SSST-domi-
nant group demonstrated significant improvement in 
HIFT (ES= -0.58, 95% CI, -0.73, -0.42, P = 0.025) but 
not in LIFT (ES= -0.29, 95% CI, -0.45, -0.17, P = 0.184) 
or control (ES= -0.02, 95% CI, -0.17, 0.14, P = 0.877). 
TUG significantly improved HIFT (ES= -0.54, 95% CI, 
-0.59, -0.38, P = 0.029) but not LIFT (ES= -0.41, 95% 
CI, -0.56, -0.25, P = 0.133) or control (ES = 0.09, 95% CI, 
-0.06, 0.24, P = 0.565). Hand grip-dominant showed a sig-
nificant improvement in HIFT (ES = 0.54, 95% CI, 0.39, 
0.70, P = 0.031) but not in LIFT (ES = 0.39, 95% CI, 0.24, 
0.55, P = 0.159) or control (ES = 0.02, 95% CI, -0.13, 0.18, 
P = 0.885). The hand-grip-nondominant showed a sig-
nificant improvement in HIFT (ES = 0.52, 95% CI, 0.36, 
0.68, P = 0.038) but not in LIFT (ES = 0.50, 95% CI, 0.34, 
0.66, P = 0.053) or control (ES= -0.12, 95% CI, -0.28, 0.03, 
P = 0.492). Effect size estimates for static and dynamic 
balance, 10MWT, SSST-dominant, TUG, and hand grip 
(both domains) demonstrated that the overall effect size 
and the lower and upper confidence interval bounds for 
HIFT were “moderate,” while the nonsignificant changes 
for the LIFT group were “small,” and the control group 
was deemed “trivial.” There were no within-group pre-
post changes for SSST-dominant and 5TSTS. (Table 4).

Biochemical and physiological outcomes
There was a significant time main effect (p = 0.003), group 
main effect (p = 0.001), or group by time interaction effect 
(p > 0.001) for FBG. When examining within-group pre-
post changes, we observed a significant improvement 
in FBG for the HIFT (ES= -1.33, 95% CI, -1.50, -1.16, 
P > 0.001) and LIFT groups (ES= -0.96, 95% CI, -1.12, 
-0.80, P > 0.001) but not for the control group (ES = 0.14, 
95% CI, -0.01, 0.30, P = 0.446). Effect size estimates for 
FBG demonstrated that the overall effect size and the 
lower and upper confidence interval bounds for the HIFT 
and LIFT groups were “large,” while the nonsignificant 

changes for the control group were deemed “trivial.” 
Between-group comparisons demonstrated that FBG 
changes in the HIFT and LIFT groups were significant vs. 
the control group (both, P > 0.001).

Insulin showed a significant time main effect 
(p = 0.007), group main effect (p = 0.021), or group by 
time interaction effect (p = 0.003). Within the group, pre-
post changes demonstrated a significant improvement 
in insulin for the HIFT (ES= -0.89, 95% CI, -1.05, -0.83, 
P > 0.001) and LIFT groups (ES= -0.76, 95% CI, -0.92, 
-0.60, P = 0.002) but not for the control group (ES = 0.14, 
95% CI, -0.01, 0.30, P = 0.446). Effect size estimates for 
insulin demonstrated that the overall effect size and the 
lower and upper confidence interval bounds for the HIFT 
group were “large,” and those for the LIFT group were 
“moderate,” while the nonsignificant changes for the con-
trol group were deemed “trivial.” Between-group com-
parisons demonstrated that insulin changes in the HIFT 
(P > 0.001) and LIFT (P = 0.008) groups were significant 
vs. the control.

A significant time main effect (p = 0.001), group main 
effect (p = 0.001), or group by time interaction effect 
(p = 0.001) was observed for HOMA-IR. When examin-
ing within-group pre-post changes, we observed a signifi-
cant improvement in HOMA-IR for the HIFT (ES= -1.61, 
95% CI, -1.78, -1.43, P > 0.001) and LIFT groups (ES= 
-1.49, 95% CI, -1.66, -1.32, P > 0.001) but not for the con-
trol group (ES = 0.11, 95% CI, -0.04, 0.26, P = 0.519). Effect 
size estimates for HOMA-IR demonstrated that the over-
all effect size and the lower and upper confidence inter-
val bounds for the HIFT and LIFT groups were “large,” 
while the nonsignificant changes for the control group 
were deemed “trivial.” Between-group comparisons 
demonstrated that HOMA-IR changes in the HIFT and 
LIFT groups were significant vs. the control group (both, 
P > 0.001).

HbA1c demonstrated a significant time main effect 
(p = 0.013) and group by time interaction effect (p = 0.021) 
but not a group main effect (p = 0.021). Within-group 
pre-post changes showed a significant improvement in 
HbA1c for the HIFT (ES= -1.01, 95% CI, -1.18, -0.85, 
P > 0.001) and LIFT groups (ES= -0.83, 95% CI, -0.99, 
-0.67, P > 0.001) but not for the control group (ES = 0.11, 
95% CI, -0.04, 0.26, P = 0.519). Effect size estimates for 
HbA1c demonstrated that the overall effect size and the 
lower and upper confidence interval bounds for the HIFT 
and LIFT groups were “large,” while the nonsignificant 
changes for the control group were deemed “trivial.” 
Between-group comparisons demonstrated that HbA1c 
changes in the HIFT (P > 0.001) and LIFT (P = 0.005) 
groups were significant vs. the control.

SBP only demonstrated a significant time main effect 
(p = 0.041) but not a group main effect (p = 0.177) or 
group by time interaction effect (p = 0.091). On the other 
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Pre-test Mean(SD) Post-test Mean(SD) d effect size (95% CI) P-value F
Cognition outcomes
MMSE score
 HIFT 18.62 ± 2.84 20.45 ± 2.16 0.73 (0.57 to 0.88)† Group = 0.306

Time = 0.035 #
Interaction = 0.122

0.807
4.762
1.314

 LIFT 19.08 ± 2.45 20.83 ± 2.47 0.71 (0.55 to 0.87) †
 Control 18.86 ± 2.57 18.63 ± 2.81 -0.09 (-0.24 to 0.07)
SDMT
 HIFT 27.35 ± 9.45 32.40 ± 8.79 0.55 (0.40 to 0.71) † Group = 0.754

Time = 0.115
Interaction = 0.221

0.102
2.337
1.572

 LIFT 25.94 ± 11.08 28.33 ± 10.18 0.22 (-0.07 to 0.38)
 Control 28.26 ± 9.94 29.04 ± 9.31 0.08 (-0.07 to 0.24)
CVLT-II
 HIFT 8.42 ± 1.89 9.59 ± 1.84 0.61 (0.42 to 0.80) † Group = 0.745

Time = 0.345
Interaction = 0.445

0.115
0.704
0.607

 LIFT 9.13 ± 1.72 9.88 ± 1.89 0.42 (0.26 to 0.57)
 Control 8.86 ± 1.96 8.98 ± 1.85 0.06 (-0.12 to 0.25)
BVMT-R
 HIFT 6.33 ± 1.75 7.55 ± 1.92 0.66 (0.51 to 0.82) † Group = 0.538

Time = 0.452
Interaction = 0.309

0.355
0.597
1.008

 LIFT 6.54 ± 1.83 7.34 ± 1.76 0.45 (0.29 to 0.60)
 Control 7.02 ± 1.67 6.82 ± 0.84 -0.15 (-0.31 to 0.00)
Stroop (Number correct)
 HIFT 46.58 ± 10.35 54.67 ± 9.46 0.82 (0.66 to 0.98) † * Group = 0.077

Time = 0.044 #
Interaction = 0.032 #

1.479
3.871
4.908

 LIFT 49.33 ± 8.76 55.19 ± 7.44 0.72 (0.56 to 0.88) †
 Control 48.72 ± 11.55 45.27 ± 12.31 -0.29 (-0.44 to -0.13)
Fitness outcomes
Static balance (s)
 HIFT 11.55 ± 5.68 14.18 ± 4.87 0.50 (0.34 to 0.65) † Group = 0.565

Time = 0.230
Interaction = 0.620

0.445
1.559
0.199

 LIFT 12.41 ± 4.21 13.88 ± 5.04 0.32 (0.16 to 0.47)
 Control 11.08 ± 6.24 11.12 ± 6.54 0.01 (-0.15 to 0.16)
Dynamic balance (s)
 HIFT 24.39 ± 8.08 20.10 ± 6.71 -0.58 (-0.73 to -0.42) † Group = 0.218

Time = 0.155
Interaction = 0.443

1.504
1.845
0.659

 LIFT 22.16 ± 9.31 20.02 ± 7.98 -0.25 (-0.40 to -0.09)
 Control 23.41 ± 11.19 23.65 ± 9.74 0.02 (-0.13 to 0.18)
10MWT (s)
 HIFT 21.37 ± 6.32 18.21 ± 5.66 -0.53 (-0.58 to -0.47) † Group = 0.109

Time = 0.381
Interaction = 0.129

2.197
0.623
1.959

 LIFT 20.13 ± 5.11 19.08 ± 4.83 -0.21 (-0.36 to -0.05)
 Control 23.28 ± 5.34 22.90 ± 6.13 -0.07 (-0.22 to 0.09)
6MWT (m)
 HIFT 355.42 ± 67.54 422.10 ± 55.68 0.91 (0.75 to 1.07) †* Group = 0.006 #

Time = 0.001 #
Interaction = 0.001#

9.221
13.205
15.718

 LIFT 342.22 ± 87.49 408.75 ± 68.27 0.85 (0.69 to 1.01) †*
 Control 361.78 ± 58.51 355.42 ± 61.19 -0.11 (-0.26 to 0.05)
SSST dominant (s)
 HIFT 18.86 ± 7.21 16.23 ± 6.05 -0.39 (-0.55 to -0.24) Group = 0.866

Time = 0.451
Interaction = 0.732

0.021
0.599
0.089

 LIFT 18.42 ± 6.28 17.04 ± 6.12 -0.22 (-0.38 to -0.07)
 Control 17.65 ± 5.86 17.88 ± 4.92 0.04 (-0.11 to 0.20)
SSST non-dominant (s)
 HIFT 20.13 ± 4.54 17.61 ± 5.03 -0.58 (-0.73 to -0.42) † Group = 0.202

Time = 0.298
Interaction = 0.126

1.559
1.228
1.917

 LIFT 19.61 ± 5.78 18.05 ± 4.83 -0.29 (-0.45 to -0.14)
 Control 21.95 ± 4.98 21.87 ± 5.42 -0.02 (-0.17 to 0.14)
TUG (s)
 HIFT 12.77 ± 4.65 10.24 ± 4.79 -0.54 (-0.69 to -0.38) † Group = 0.877

Time = 0.188
Interaction = 0.122

0.019
1.762
2.314

 LIFT 12.24 ± 5.04 10.29 ± 4.56 -0.41 (-0.56 to -0.25)
 Control 11.06 ± 4.37 11.48 ± 5.01 0.09 (-0.06 to 0.24)
Hand grip Dominant (kg)
 HIFT 23.33 ± 8.76 27.51 ± 6.47 0.54 (0.39 to 0.70) † Group = 0.639

Time = 0.201
Interaction = 0.344

0.385
1.617
0.802

 LIFT 24.08 ± 7.42 27.12 ± 8.05 0.39 (0.24 to 0.55)
 Control 24.16 ± 6.45 24.33 ± 7.14 0.02 (-0.13 to 0.18)

Table 4 Pre-post changes in cognitive and fitness outcomes in the study groups
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hand, within-group pre-post changes showed a signifi-
cant improvement in SBP for the HIFT (ES= -0.82, 95% 
CI, -0.98, -0.58, P > 0.001) and LIFT groups (ES= -0.58, 
95% CI, -0.74, -0.42, P = 0.023) but not for the control 
group (ES = 0.15, 95% CI, 0.03, 0.26, P = 0.492). Effect size 
estimates for SBP demonstrated that the overall effect 
size and the lower and upper confidence interval bounds 
for the HIFT group were “large,” and those for the LIFT 
group were “moderate,” while the nonsignificant changes 
for the control group were deemed “trivial.”

Similarly, DBP only demonstrated a significant time 
main effect (p = 0.038) but not a group main effect 
(p = 0.154) or group by time interaction effect (p = 0.087). 
On the other hand, within-group pre-post changes 
showed significant improvement in DBP for the HIFT 
(ES= -0.83, 95% CI, -0.99, -0.65, P > 0.001) and LIFT 
groups (ES= -0.65, 95% CI, -0.81, -0.49, P = 0.014) but 
not the control group (ES = 0.10, 95% CI, -0.06, 0.25, 
P = 0.606). Effect size estimates for DBP demonstrated 
that the overall effect size and the lower and upper con-
fidence interval bounds for the HIFT group were “large,” 
and those for the LIFT group were “moderate,” while 
the nonsignificant changes for the control group were 
deemed “trivial.” (Fig. 2).

Discussion
This pilot randomised trial examined the feasibility, 
safety, and preliminary efficacy of HIFT compared to 
LIFT for elderly T2D patients with cognitive impair-
ment in cognition (processing speed, memory, learning, 
and attention), fitness (balance, walking endurance, gait 
speed, strength, and mobility) and biochemical outcomes 
(FBG, insulin, HOMA-IR, HbA1c, SBP, and DBP). We 
proposed a high-intensity low-volume functional train-
ing program including physically, biochemically and cog-
nitively challenging exercises to enhance disease profiles 
and every day functional and cognitive capabilities in 
elderly with T2D [47–49]. We hypothesised that a group 
of elderly T2D patients suffering cognitive impairment 

can use HIFT advantages more than those of LIFT. The 
present work is the first study, as far as we know, that is a 
comprehensive examination of the efficacy and feasibil-
ity of HIFT vs. LIFT for elderly T2D-related physical dis-
ability, biochemical disorders, and cognitive impairment. 
The results in terms of feasibility was a VAS to measure 
a positive global rating on the interventions, evaluating 
the duration as enough, finding the goals achievable, and 
feedback given in the session, and finding the training 
enjoyable. The plan to conduct a complete study based 
on the pilot study can be made based on the feasibility 
studies rather than the secondary outcomes [50]. How-
ever, the intervention hare not examined in terms of fea-
sibility in elderly patients with T2D. These exercises have 
been found efficient way to enhance physical functioning 
in elderly with T2D. Both HIFT and LIFT modalities are 
inexpensive with easy high-application exercise methods. 
The benefits of both HIFT and LIFT modalities in terms 
of physical functionality with high application, like those 
reported by the public, were motivations for choosing the 
modality programs. Still, the interventions have not been 
examined so far in terms of feasibility in elderly patients 
with T2D. Six weeks of both HIFT and LIFT modalities 
was practical and without risk for a small group of elderly 
patients with T2D and cognitive impairment. Here, it was 
found that the adherence rate was high toward the train-
ing protocol of 91% (262 of 288 sessions) for the HIFT 
group and 87.5% (420 of 480 sessions) for the LIFT group. 
This shows the high safety, feasibility, and good experi-
ences of both exercise training protocols, and feasibility 
is also supported by the low dropouts. The findings are 
also consistent with other studies illustrating functional 
exercise training in elderly subjects [51, 52] as feasible 
with a high rate of adherence. Additionally, some pilot 
feasibility studies have mentioned a low rate of adherence 
in TD2 elderly subjects [53, 54]. These inconsistent find-
ings can be attributed to many factors. First, the training 
sessions were held at the place of the Diabetes Associa-
tion, which had suitable conditions in terms of ease of 

Pre-test Mean(SD) Post-test Mean(SD) d effect size (95% CI) P-value F
Hand grip non-dominant (kg)
 HIFT 22.77 ± 6.45 25.81 ± 5.18 0.52 (0.36 to 0.68) † Group = 0.711

Time = 0.427
Interaction = 0.356

0.138
0.718
0.785

 LIFT 21.16 ± 4.93 23.75 ± 5.44 0.50 (0.34 to 0.66)
 Control 23.36 ± 5.44 22.66 ± 6.02 -0.12 (-0.28 to 0.03)
5TSTS (s)
 HIFT 15.11 ± 5.33 12.74 ± 4.78 -0.47 (-0.62 to -0.31) Group = 0.891

Time = 0.331
Interaction = 0.455

0.017
1.216
0.583

 LIFT 14.85 ± 3.24 13.08 ± 4.11 -0.48 (-0.63 to -0.32)
 Control 14.54 ± 3.88 14.79 ± 4.45 0.06 (-0.09 to 0.21)
HIFT: high-intensity functional training; LIFT: low-intensity functional training; MMSE: Mini–mental state examination; SDMT: symbol-digits modalities test; CVLT-II: 
California Verbal Learning Test-II; BVMT-R: Brief Visuospatial Memory Test–Revised; 10MWT: 10 m walking test; 6MWT: six minutes walking test; SSST: six spot step 
test; TUG: timed up and go; 5TSTS: five-time sit to stand test; †: indicated significant within-group pre-post change; #: indicated significant main or interaction 
effect; *: indicated significant improve compared to control; Effect size (d) (< 0.02, 0.02 > < 0.49, 0.05 > < 0.79 and > 0.8, respectively indicated trivial, small, moderate 
and large effect size)

Table 4 (continued) 
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Fig. 2 Pre-post changes in biochemical and physiological outcomes in the study groups. HIFT: high-intensity functional training; HbA1c: hemoglobin 
A1c; LIFT: low-intensity functional training; SBP: systolic blood pressure; HOMA-IR: homeostasis model assessment of insulin resistance; FBG: fasting blood 
glucose; DBP: diastolic blood pressure; †: indicated significant within-group pre-post change; #: indicated significant improvement compared to control; 
Effect size (d) (< 0.02, 0.02 > < 0.49, 0.05 > < 0.79 and > 0.8, indicated trivial, small, moderate and large ES respectively)
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access, training time, and reception of patients. Second, 
it seems that the frequency and term of both exercise 
training programs were good; that is, lack of motivation, 
intensity/load of training, the volume of training, and low 
adherence rates of the exercises [55] might explain the 
high rate of adherence to exercise training. Moreover, 
making a comparison between different studies is not 
easy given the different methods for defining and mea-
suring adherence rates using by different studies [54].

The cognitive outcomes showed significant improve-
ment in MMSE and Stroop test scores in both the HIFT 
and LIFT groups. The changes in the Stroop test score in 
both groups were also significant compared to the con-
trol group. However, we found significant improvement 
in SDMT, CVLT-II, and BVMT-R scores only in the HIFT 
group. Among physical fitness outcomes, the 6MWT sig-
nificantly improved in both the HIFT and LIFT groups. 
The changes in the 6MWT in both groups were also 
significant in comparison with the control group. More-
over, balance, 10MWT, SSST, TUG, and hand grip sig-
nificantly improved only in the HIFT group. Additionally, 
FBG, insulin, HOMA-IR, HbA1c, SBP, and DBP signifi-
cantly improved in both the HIFT and LIFT groups. The 
changes in FBG, insulin, HOMA-IR, and HbA1c in both 
groups were also significant compared to the control 
group.

Tt is well known that different types of exercise train-
ing have diverse structural and functional effects on 
the brain. It showed that 8 weeks of combined aerobic/
resistance training enhanced specific domains of cogni-
tive functions of elderly with T2D, like inhibitory control, 
cognitive flexibility, attention/concentration, and work-
ing memory [15]. Similar improvements in global cogni-
tion, learning, memory, processing speed, and attention 
were reported after aerobic [56, 57] and resistance train-
ing [58, 59]. However, it seems that functional train-
ing can improve the cognitive function of elderly T2D 
patients due to the creation of more mental challenges. 
Functional training is a special intervention for rehabili-
tation that is used in more practical scenarios to improve 
the performance of daily activities and includes aerobic 
exercises, resistance exercises, balance exercises, proprio-
ceptive integration exercises, body positioning exercises, 
and core muscle stability exercises [23, 24]. A growing 
body of evidence shows how functional exercises create 
adaptation in the structure and function of the brain [25, 
26]. A systematic review reported that HIFT can improve 
global and subdomain cognitive function in elderly suf-
fering cognitive impairment [60]. It is recommended that 
for elderly with T2D, exercise intensity is one of the most 
important training variables that must be carefully con-
trolled. Studies have shown that high-intensity exercises 
have more effects on the cognitive performance of elderly 
with T2D [15, 16]. Regarding the intensity of training, the 

key role of lactate should be mentioned. Lactate is a main 
regulator of metabolism, and Brooks (2020) proposed 
lactate as a fulcrum of metabolic regulation in the body 
[61]. The evidence presented in a review study by Coco et 
al. (2020) shows that lactate in the brain acts not only as 
an energy substrate but also as an angiogenic agent, neu-
romodulator, and protection against stress [62]. Muller et 
al. (2020) also showed in a review study that the increase 
in lactate caused by intense exercise causes a significant 
enhancement of brain-derived neurotrophic growth fac-
tor (BDNF) and has a major role in neuroplasticity and 
the protection of the nervous system [63]. Therefore, 
considering the lactate threshold as an important indi-
cator in adjusting the intensity of exercise training to 
achieve better results should be considered [20].

Additionally, as the findings showed, exercise training 
has great potential to improve diabetes-related biochemi-
cal indices such as FBG, insulin, HOMA-IR, HbA1c, 
and blood pressure. Based on the importance of exercise 
intensity, Gordon et al. (2009) [18] and Irwin et al. (2009) 
[64], in meta-analysis reviews, suggested that higher exer-
cise intensity can be an important factor for blood glu-
cose control. Importantly, improvement in the metabolic 
profile of elderly T2D patients is related to their cognitive 
functions. It was reported that changes in IR were related 
to memory amelioration in older T2D patients; stilly, the 
actual mechanism is not known yet [15]. Many hypoth-
eses are assumable. For instance higher levels of plasma 
insulin decreases transport of insulin between blood-
brain barrier, which can be due to dysfunctional trans-
port mechanism in endothelial cells. Thus, lower insulin 
signalling can attributed to a lower cholinergic activ-
ity and impaired potentiation (long-term) of the hippo-
campus, which are important for formation of memories 
[65]. Enhancement of FBS and variations in the process-
ing speed were correlated significantly and variations 
in HbA1c was correlated to changes in the processing 
speed, which can indicate that amelioration of high glu-
cose levels in the blood is related to the enhancement in 
executive function. Additionally, FBG and blood pressure 
were significantly correlated with visual search, mental 
flexibility, speed of processing, scanning, and executive 
function as sensitive indicators of cognitive impairment 
in the elderly [66]. Studies have indicated a relationship 
between diabetes and slower speeded tasks mostly those 
that measure reaction time or perceptual speed [67].

Consistent with our findings, studies showed that dif-
ferent exercise training modalities can improve physical 
function in elderly T2D patients [68–70]. As a key point 
in the meta-analysis article by Patterson et al. (2010), 
they indicated that high-intensity exercise training signif-
icantly improves the physical performance of the elderly 
compared to moderate-intensity training [19]. Sanders et 
al. (2019), in a meta-analysis study of systematic review 
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nature, reported that for elderly people with cognitive 
impairment, an exercise program with shorter sessions 
and higher intensity results in a significant improve-
ment in physical performance [20]. Another key indica-
tor in improving cognitive function is improving physical 
function. Apparently, there is a relationship between fit-
ness enhancement and changes in cognitive function 
with physical training [68]. Similar to the significant 
improvement in the 6MWT in the present study, after 
exercise training, a higher enhancement in aerobic fit-
ness (VO2peak) were significantly associated with greater 
changes in cognition. In addition, it seems that a higher 
fitness level was related to lower loss of cognitive func-
tion in the elderly [71].

In general, given that functional exercise is a more 
challenging exercise and based on similarities with the 
activities of daily living, a variety of training and multi-
joint movements that increase neuromuscular coordina-
tion have a great effect on cognition [23, 24]. It seems 
that functional exercise, through increasing neuroplas-
ticity, functional connectivity, microstructural change, 
homologous region adaptation, and extra region recruit-
ment, can improve cognitive function [72]. Interest-
ingly, high-intensity training, such as HIFT, has greater 
metabolic benefits, such as improvement in FBG and IR, 
blood pressure control, better vascular function, and a 
decrease in inflammation, which are significantly related 
to cognitive improvements [65]. Additionally, high-inten-
sity training, such as HIFT through lactate mediation, 
can affect brain neurotrophic and growth factors and, in 
this way, improve cognitive performance [61]. Improving 
physical fitness following high-intensity training, such 
as HIFT, through the positive psychological effects of 
reducing fatigue, lowering the risk of falling, increasing 
the quality of life, and lowering the need for hospitalisa-
tion can improve cognitive performance [68].

This study has limitations including small sample size. 
Also, the authors had limitations for the evaluation of 
proteins and indicators related to cognitive function. 
Patients’ use of multiple and diverse drugs is another lim-
itation beyond the control of the authors.

Conclusions
This pilot study showed that high-intensity low-volume 
vs. low-intensity high-volume functional training is a 
safe, feasible, and effective way to enhance aspects of 
physical, biochemical, and cognitive function in older 
T2D patients who have cognitive impairment. HIFT can 
improve variables related to cognitive function in elderly 
T2D patients, including global cognition, attention, 
speed, memory, and learning, directly or indirectly by 
improving metabolic and functional status. In addition, 
this pilot study gives primary proof-of-concept data for 
a properly powered randomised controlled trial (RCT) 

of HIFT vs. LIFT in a bigger sample size of elderly T2D 
patients with cognitive impairment.
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