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Background: Mini-BESTest is an instrument for assessing the balance impairment; however, the use of the Mini-BESTest in type 2 
diabetic patients with peripheral neuropathy is not well documented in the literature. The aim of this study was to examine the 
responsiveness and the minimal important change (MIC) of the Mini-BESTest after four weeks of the balance exercises.
Methods: A prospective single group pretest-posttest design was applied, and forty-eight type 2 diabetic patients with peripheral 
neuropathy were participated (mean age of 59.04 ± 7.533 years; 3 males and 45 females). All participants were given an interven-
tion program including foot care and balance exercises (50-minute sessions, three times a week for four weeks). The responsiveness of 
the Mini-BESTest was determined using two approaches: 1) the distribution-based method evaluating the change scores (pre- and post- 
intervention), the effect size (ES), the standard response mean (SRM), the standard error of measurement (SEM) and the minimum 
detectable change (MDC95) and 2) the anchor-based method evaluating the MIC using the Global Rating of Change scale (GRC) as an 
external criterion.
Results: After the balance exercises treatment, the Mini-BESTest scores significantly improved (p < 0.001) with an ES of 3.9 and 
SRM of 4.32. SEM was 0.73 and MDC95 was 2.03 points. The area under the receiver operating characteristic (ROC) curve 
corresponded to 81%. The cutoff point of the Mini-BESTest was ≥5 points corresponding to the GRC ≤3 versus >3 for the 
discrimination of the Mini-BESTest between improvement and no improvement after exercises.
Conclusion: The Mini-BESTest can be demonstrated as high responsiveness according to the determination of the distribution-based 
and the anchor-based methods. The MIC of the Mini-BESTest was taken as ≥5 points and could be used as an outcome measure for the 
discriminated evaluation of type 2 diabetic patients with peripheral neuropathy.
Keywords: balance, diabetic peripheral neuropathy, Mini-BESTest

Introduction
Diabetic peripheral neuropathy (DPN) is a chronic dysfunction or damage of the nerves caused by diabetes mellitus (DM),1 

with higher occurrence in type 2 DM, which negatively affects patients’ quality of life.2,3 As the prevalence of diabetes rises 
around the world, so does the prevalence of DPN.4,5 The incidence of DPN in type 2 DM varies from 21.3% to 34.5%6–8 and 
risk factors such as age and DM duration contribute to developing DPN.9 The development of diabetic foot problems and 
traumatic falls is likely influenced by the biomechanical abnormalities brought on by DPN.10–12 According to a systematic 
review, diabetic neuropathy negatively affects gait kinematics and postural balance, which increases the risk of falling.13 

Static, dynamic, and functional activity are affected by DPN due to impaired sensory function, proprioception, movement 
strategy and cognitive performance or the presence of disorientation and biomechanical structural disorders.14,15

In this context, the multidimensional balance tool, the Balance Evaluation Systems Test (BESTest) was performed.16 

However, the evaluation is lengthy. Therefore, a short form of the tool, namely the Mini-Balance Evaluation System Test 
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(Mini-BESTest) was produced.17 The Mini-BESTest examines almost all balance components such as static and dynamic 
stability, transfers, gait, variation of support surfaces, visual ability, obstacle negotiation, external forces and dual tasking, 
that reveals a broad range of activities corresponding to the entire spectrum of task and environment complexity.17–19 The 
Mini-BESTest demonstrated its excellent reliability, validity and responsiveness with the minimal important change 
(MIC) in a variety of brain diseases such as stroke, Parkinson’s disease, and mixed neurological diseases with different 
origins.18,20–24 Nevertheless, the study of the Mini-BESTest was very limited for use in peripheral nerve disorders such 
as the DPN in type 2 DM patients; however, it has been proven as a standardized balance measure with the excellent 
reliability and validity in type 2 DM patients with DPN.25 Its responsiveness and the MIC are still needed to study in 
DPN population which is a representation of the peripheral nerve disorder. Therefore, the main hypothesis of our study is 
that the balance test of the Mini-BESTest may respond more rapidly to peripheral nerve problems than to central nerve 
disorders when compared with the previous studies.

Responsiveness is the ability to detect true change over time to assess the effectiveness of interventions. In other 
words, the patient’s score changes according to his or her status and remains stable when the status is unchanged. This 
change should be large enough to be statistically significant for research purposes and precise enough to reflect 
meaningful change according to an external criterion for clinical application.26

To assess responsiveness, effect size (ES) and other similar measures are often used, which may take into account the 
overall ability of a given outcome measure to map the clinical course of a condition.27 Distribution-based approaches 
have the advantage of ease of use. Furthermore, however, methods based on anchors, which imply the use of an external 
criterion, are recommended.27 Responsiveness to meaningful change is necessary but not sufficient for estimating the 
smallest score changes regarded as important. When coupled with clinical anchors, this change in the score is also 
referred to as the MIC and occasionally the minimal clinically important difference.27 Both distribution-based and 
anchor-based methods have been used here and the MIC was estimated by comparing the distribution-based and anchor- 
based methods.
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Balance exercises: practicing standing on one leg, exercises using balance equipment, lower-body and core resistance 
exercises, yoga, and tai chi improve balance with no set of the intensity. The frequency of balance training can be ≥2–3 
times per week and progress as tolerated.28 A systematic review of Streckmann et al29 revealed that exercise is essential 
for promoting balance control leading to a decreased likelihood of falls in DPN patients. The objective of exercise 
training including functional strengthening exercises, walking training, balance retraining or Tai Chi, can promote the 
balance, gait, and daily living activity in diabetic neuropathy population.29 In addition, the systematic review of Gu and 
Dennis30 suggested that a multicomponent training programme promotes postural control and gait performance in DPN 
patients without serious risks. In this study, the intervention program builds on the program used in the previous study by 
Allet et al,31 the highest quality study from a systematic review of fall prevention programs in type 2 DM patients with 
DPN, assessed using the Physiotherapy Evidence Database (PEDro).30

Mini-BESTest is a simple, non-invasive validated tool that can assess the balance control system without the need for 
long sessions and although it is a useful clinical test that was verified by its excellent reliability and validity in type 2 DM 
patients with DPN,25 the responsiveness and the MIC of the Mini-BESTest are prerequisite to study in type 2 DM 
patients with DPN. Hence, this study aimed to investigate the responsiveness of the Mini-BESTest and its MIC in type 2 
DM patients with DPN after four weeks of balance exercises intervention using two different approaches (the distribu-
tion-based and the anchor-based methods).

Materials and Methods
Study Design
A prospective single group pretest-posttest design (9/2021) was applied. Type 2 DM patients with DPN were recruited 
from the outpatient diabetic clinic at North Okkalapa General Hospital, (Yangon, Myanmar). All participants were 
requested to sign in a consent form before the screening and the data collection.

Participants
The participants were aged 40–70 and were diagnosed as type 2 DM with DPN by using the physical examination (cut- 
off point as ≥2.5) of the Michigan Neuropathy Screening Instrument (MNSI).32 The inclusion criteria were the 
following: 1) 5–15 years of DM, 2) controlled blood glucose levels based on three follow-up medical assessments 
from the medical records, 3) Mini-BESTest scores <20.533 and 4) being able to understand the instructions of the mini- 
mental state examination.15 The exclusion criteria were the following: 1) foot ulcers, 2) fracture of lower limbs within six 
months before the study, 3) peripheral venous insufficiency, 4) cardiac, renal or hepatic insufficiency, 5) uncontrolled 
hypertension or myopathy, 6) cerebrovascular insufficiency such as carotid artery insufficiency who suffers from vertigo 
and balance problems 7) central nervous system dysfunctions such as stroke, Parkinson’s disease, and cerebral ataxia, 8) 
partial or complete blindness and 8) severe auditory problems.33,34 All exclusion criteria were indicated by the medical 
records and/ or the physical examination by the medical doctor.

Procedure
A total of 55 participants were recruited; a part of the sample (n=14) had participated previously in the reliability and 
validity study,25 the rest were new recruitments. After signing the informed consent form, DPN was identified using 
MNSI, and the eligibility was determined by using the inclusion criteria. Forty-eight participants met the inclusion 
criteria and baseline assessments were conducted including 1) the collection of demographic data, 2) documentation of 
blood glucose levels and HbA1C using the last medical record, and 3) evaluation of balance with the Mini-BESTest. 
Then, the training programme for the foot care and balance exercises were given about 3 days by an expert physical 
therapist having 25-year experience of applying this programme at the hospital. After that, a 4-weeks intervention was 
performed, including an exercise programme that was conducted at the hospital (2 weeks) and home (2 weeks). After the 
4-weeks of intervention, the Mini-BESTest and the Global Rating of Change (GRC) assessments were performed. All 
outcome measurements were assessed by the principal investigator (S.N.P). In addition, all participants were requested to 
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document “the exercises they completed” in an exercise diary. There were no dropouts, and all participants underwent 
post-evaluation. A flow diagram of the study procedure can be seen in Figure 1.

Sample Size
The estimation of the sample size was based on a previous study20 investigating the responsiveness of the Mini-BESTest 
in patients with balance disorders. The sample size was calculated with a formula for a single group of pretest-posttest 
design in the distribution-based method (major result), using the standard deviation of the Mini-BESTest after treatment 
(6.9 points), the difference between the mean values of pre-test and post-test (post-pre = 3.1 points), a power of 80%, 
a significance level of 5% and a drop-out rate of 10%. Therefore, 48 participants were required.

Assessment Tools
Mini-Balance Evaluation System Test (Mini-BESTest)
It consists of 14 items and lasts approximately 15 minutes. It focuses on four functions of the balance system: 1) 
anticipatory postural adjustments, 2) postural response to external perturbations, 3) sensory orientation and 4) 
stability in gait.17 Two items of the Mini-BESTest were assessed bilaterally, but only the lower score was added 
to the total score. The total score is 28 points; each item is assessed on a 3-point ordinal scale, ranging from 0 
(“severe balance impairment”) to 2 (“no balance impairment”).35 A previous study found an excellent inter-rater 
(Intraclass correlation coefficient [ICC] = 0.95) and intra-rater reliability (ICC = 0.93) and a valid clinical 
application in type 2 DM patients with DPN.25

Global Rating of Change (GRC) Scale
For the anchor-based method, the GRC scale was used as an external criterion. This scale measures the important 
differences in the evaluated parameters using a 15-point scale ranging from −7 (extremely worse than baseline) to +7 
(extremely better than baseline), with 0 representing “no change”, based on both the patients’ and their therapists’ 
ratings. Scales generally range from “a great deal worse” to “a great deal better”, with zero indicating no change.36 The 
GRC values >3 were considered a meaningful change or considerable improvement, while the GRC values ≤3 denoted 
a detrimental condition.20,26

Figure 1 Study procedure.
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Intervention Program
The intervention sessions lasted 50 minutes in total and included a 40-minutes balance exercises programme and a 10- 
minutes foot care programme. After screening, participants received 3 days of training on the foot care37,38 and the 
balance exercises programme30,31 by the expert physical therapist who has 25-year experience in Physical Therapy.

The intervention programme was performed 3 times per week for 4 consecutive weeks; the first half of the 
intervention was conducted under supervision at the hospital, while the second half was conducted without supervision 
at home. The hospital sessions were provided to groups of 5–6 participants under the supervision of the expert physical 
therapist.

All participants were instructed to perform the exercise programme at home following the instructions of 
the expert physical therapist and doing it near the stable handgrips or high stable seats or near the wall 
to restore balance to avoid falling when doing so, be sure to wear light and comfortable clothing and sports 
shoes. Additionally, exercise books and logbooks including records of medical conditions such as blood pressure, 
fainting, pain, etc., and emergency phone numbers (ie, emergency phone number and principal investigator’s phone 
number) were distributed to all participants.

The foot care programme consisted of a daily 9 steps foot examination, which also included recommendations 
and educational information (Box 1).37,38 The balance exercises programme was based on the intervention used in 
the previous studies.30,31 It included 8 steps of balance and walking exercises (Box 2).30,31

Box 1 The Foot Care Programme

1. Foot examination every day during putting on and taking off the socks and shoes using small handheld mirror (inspection of feet, including toes, 
looking for areas of redness or other lesions such as a blister, cut, scratch or ulcer)

2. Wear comfortable footwear and not to rub against any areas of the feet (not too tight shoes, shoes that have rough edges, uneven seams)

3. Examine the shoe daily for cracks, stones and nails that can damage the feet

4. Avoid walking barefoot indoors and outdoors (avoid also walking barefoot in socks without footwear, or in thin-sole standard slippers)

5. Protect the feet from sunburn by using sunscreen with a high sun protection factor and/or covering the feet in strong sunlight

6. Avoid using corn-removing plasters or blades (avoid using chemical agents or plasters to remove calluses or corns, use emollients to lubricate dry 

skin, and cut toenails straight across, file the edges with a nail file)

7. Wash the feet carefully every day and dry with a soft towel between the toes where infections may occur, such as athlete’s foot (tinea pedis)

8. Moisturize the feet after drying

9. Access the local podiatry service for expert foot care if required

Box 2 The Balance Exercises Programme

1. Stance on heel/ toes

2. Tandem stance

3. One leg stance

4. Toe walking

5. Heel walking

6. Tandem walking

7. Functional strength

8. Endurance exercises (sitting to standing and step-up)
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Data Analysis
Descriptive statistics were used for the demographic data analysis. Continuous data was presented as mean ± standard 
deviation (SD) while the categorical data was presented as a percentage (%).

For distribution-based responsiveness, the paired t-test was used to compare the difference between pre- and post- 
intervention (change score). The effect size (ES) and the standard response mean (SRM) were used to indicate the 
magnitude of responsiveness. ES was calculated by dividing the observed mean change score by the standard deviation 
of the baseline score for the same participants, while SRM was calculated by dividing the observed mean change score 
by the standard deviation of the change score for the same participants. Both ES and SRM were interpreted as indicating 
a large change when >0.8, a moderate change when 0.5–0.8, a small change when 0.2–0.5 and a trivial change when 
<0.2.39 The standard error of measurement (SEM) and the minimum detectable change (MDC95) were calculated based on ICC 
(3,1) and SD of 14 subjects (female-to-male ratio: 13:1) recruited from a previous study,25 after ensuring that they met the 
inclusion criteria for the current study. MDC95 was established as the result of the following multiplication: SEM × z-value × √2.

As for anchor-based responsiveness, the MIC was determined. The Mini-BESTest change score was compared to the 
GRC assessment as an external criterion. The Pearson correlation (r) was applied for the GRC scale ratings of the 
patients and their expert physical therapist, and the Mini-BESTest change scores and the mean GRC change scores. For 
all these correlations, r ≥ 0.30 was as acceptable values for the association between measures.27

The receiver operating characteristic (ROC) curve was used as a splitter to divide the participants into two groups: 
participants who presented changes and participants who did not present changes in the Mini-BESTest scores based on the 
average of the GRC (patients and their therapist) which classified to be two groups of GRC > 3 or GRC ≤ 3. Sensitivity referred 
to the number of participants correctly identified as improved based on the cut-off score divided by the number of participants 
identified as having undergone a meaningful change (GRC > 3). Specificity was calculated with the number of participants 
who were correctly identified as not improved based on the cut-off value divided by the number of participants who did not 
undergo a meaningful change (GRC ≤ 3). The optimal cut-off value was chosen as the point that jointly maximised sensitivity 
and specificity (associated with the lowest level of misclassification).20 The area under the ROC curve (AUC) represented the 
ability of the Mini-BESTest to discriminate the balance impairment; these referred to “change” and “no change” according to 
the score of the external criterion. Larger AUC areas denote a greater ability to distinguish patients who improved from those 
who did not improve. The AUC value ranges from 0 to 1, where a value >0.9 is considered outstanding, 0.8–0.9 is determined 
as excellent discrimination, 0.7–0.8 is acceptable, 0.5–0.6 is poor and <0.5 indicates no discrimination ability.40 In addition, 
the floor or ceiling effects were considered present if >15% of the participants achieved the lowest or highest possible score, 
respectively, both at baseline and post-intervention.41 All statistical analyzes were performed using Stata/SE software 
package version 14.0 (StataCorp LP, College Station, TX 77845, USA).

Results
All 55 participants were recruited, only of 48 participants (3 males and 45 females) with DPN and balance impairment 
(age: 59.04 ± 7.53) were met the inclusion criterion and completed with no drop-out until the end in the study (Figure 1). 
The demographic data and the medical history of all participants are presented in Table 1.

Responsiveness According to the Distribution-Based Method
Tables 2 and 3 present the numerical results of the Mini-BESTest and the GRC scale. The mean Mini-BESTest score was 
17.02 ± 1.64 at baseline and 23.42 ± 2.34 post-intervention with the difference of 6.40 ± 1.48 (95% CI: [5.96–6.83] and 
p-value of <0.001; Figure 2). This improvement was accompanied by a large ES (3.9; 95% CI: [3.01–4.77]) and SRM 
(4.32). The reliability, SEM and MDC95 measurements for the Mini-BESTest using the data from the sub-cohort of 14 
subjects recruited from a previous study are also shown in Table 3.

Responsiveness According to the Anchor-Based Method
The change score of the Mini-BESTest was ≥5 for 41 participants (85%) and <5 for 7 participants (15%). No 
participant was worsened by evaluation using the Mini-BESTest. The mean GRC was ≤3 in 7 participants (27%) 
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Table 1 Baseline Characteristics of the Sample

Characteristics Overall (n = 48)

Gender; n (%)

Male 3 (6.3)

Female 45 (93.8)

Age (years); mean ± SD 59.04 ± 7.53

Weight (kg); mean ± SD 57.67 ± 10.34

Height (m); mean ± SD 1.55 ± 0.07

BMI (kg/m2); mean ± SD 23.86 ± 4.13

Marital status; n (%)

Single 8 (16.7)

Married 17 (35.4)

Divorce 2 (4.2)

Widowed 21 (43.8)

Education; n (%)

Primary 12 (25.0)

Secondary 19 (39.6)

Higher/Graduate 17 (35.4)

Occupation; n (%)

Unemployed 34 (70.8)

Employed a 14 (29.2)

Smoking or ever smoked; n (%)

Yes 2 (4.2)

No 46 (95.8)

Drinking Alcohol; n (%)

Yes 2 (4.2)

No 46 (95.8)

Duration (years); mean ± SD 10.58 ± 3.76

Fasting blood glucose level (mg/dl); mean ± SD 148.52 ± 33.23

HbA1C (mg/dl); mean ± SD 8.21 ± 1.75

MNSI Questionnaires; mean ± SD 5.02 ± 2.04

MNSI Physical assessment; mean ± SD 3.09 ± 0.67

Number of prescribed drugs (tablets); 
mean ± SD

3.23 ± 1.10

Comorbidities; n (%)

Yesb 42 (87.5)

No 6 (12.5)

History of foot ulcer but no ulcer at 
present; n (%)

Yes 1 (2.1)

No 47 (97.9)

Notes: aGovernment, business, worker, etc. bHypertension, heart dis-
ease, etc. 
Abbreviations: DM, diabetic mellitus; BMI, body mass index; MNSI, 
Michigan Neuropathy Screening Instrument; SD, standard deviation.

Journal of Multidisciplinary Healthcare 2022:15                                                                                 https://doi.org/10.2147/JMDH.S392058                                                                                                                                                                                                                       

DovePress                                                                                                                       
3021

Dovepress                                                                                                                                                             Phyu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


and the mean GRC was >3 in 35 participants (73%). No participant presented worsened balance function as evaluated 
with either Mini-BESTest or GRC. Moreover, the lowest and the highest scores both at baseline and post-intervention 
corresponded to <15% of all participants (Table 2).

Table 2 Results of the Mini-BESTest and the Global Rating of Change (GRC) Scale at Baseline and Post- 
Intervention

Measurements Overall (n = 48)

Mini-BESTest; mean ± SD/ medium (min:max)

Baseline 17.02 ± 1.64 / 17 (14:20)
Post-intervention 23.42 ± 2.34 / 24 (18:27)

Changed score post-intervention; mean ± SD (95% CI) 6.40 ± 1.48 (5.96–6.83)*

≥ 5; n (%) 41 (85.42)
< 5; n (%) 7 (14.58)

Floor and ceiling effects (n = 48); n (%)

Floor effect at baseline (score: 14) 4 (8.33)
Floor effect post-intervention (score:18) 1 (2.08)

Ceiling effect at baseline (score: 20) 1 (2.08)

Ceiling effect post-intervention (score: 27) 3 (6.25)

GRC; mean ± SD/ medium (min:max)

Patient GRC 3.73 ± 0.45 / 4 (3:4)

Therapist GRC 3.04 ± 0.50 / 3 (2:4)

Average GRC value of both patients and therapist 3.39 ± 0.42 / 3.5 (2.5:4)
Mean GRC > 3; n (%) 35 (72.92)

Mean GRC ≤ 3; n (%) 13 (27.08)

Note: *Statistically significant (p < 0.001). 
Abbreviations: CI, confidence interval; GRC, global rating change; max, maximum; min, minimum; Mini-BESTest, Mini-Balance 
Evaluation System Test; SD, standard deviation.

Table 3 Reliability and Responsiveness Indexes for Mini-BESTest

Measurements Overall (n = 48)

Test-retest reliability of Mini-BESTest (n = 14); 95%(CI) 0.80 (0.48–0.93)a*

Responsiveness: distribution-based methods

Change score (Post - Pre) (n = 48); 95% (CI) 6.40 (5.96–6.83)b*

ES; 95% (CI) 3.9 (3.01–4.77)b

SRM 4.32
SEM 0.73a

MDC95 2.03a

Responsiveness: anchor-based methods

The change of the GRC; using of the average GRC

GRC ≤ 3 (n = 13); mean ± SD 5.15 ± 1.46

GRC >3 (n = 35); mean ± SD 6.86 ± 1.21
Mean Difference; 95% (CI) 1.70 (0.86–2.54)*

(Continued)
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Table 3 shows the results corresponding to responsiveness according to the anchor-based method. The correlation 
between the participants’ and the therapist’s GRC ratings was moderate (r = 0.52; 95% CI: [0.28–0.70], p-value < 0.001). 
Moreover, the correlation between the mean GRC scores and the Mini-BESTest change scores was also moderate 
(r = 0.63; 95% CI: [0.42–0.77], p < 0.001).

Figure 3, when using the Mini-BESTest cut-off score (≥5) (in the blue circle) to distinguish the patients who 
improved (GRC > 3) from those who did not improve (GRC ≤ 3), the AUC was 0.81 (95% CI: [0.65–0.98]), representing 
the excellent discrimination ability with a sensitivity of 97.14% and a specificity of 46.15% (Table 4). In addition, for the 
participants with GRC > 3 and GRC ≤ 3, the Mini-BESTest change scores were 6.86 ± 1.21 and 5.15 ± 1.46, respectively, 
with a difference of 1.70 (95% CI: [0.86 to 2.54], p-value < 0.002).

Table 3 (Continued). 

Measurements Overall (n = 48)

Pearson r; (95% CI)

Patient GRC/Therapist GRC 0.52 (0.28–0.70)*

Average GRC/Mini-BESTest change score 0.63 (0.42–0.77)*

AUC 0.81 (0.65–0.98)*

Mini-BESTest and GRC

Mini-BESTest ≥ 5 and GRC > 3; n (%) 34 (70.83)

Mini-BESTest < 5 and GRC ≤ 3; n (%) 6 (12.50)

Mini-BESTest < 5 and GRC > 3; n (%) 1 (2.08)
Mini-BESTest ≥ 5 and GRC ≤ 3; n (%) 7 (14.58)

Sensitivity (%) 97.14

Specificity (%) 46.15

Notes: aData from the first 14 subjects. bData from all the participants (n = 48). *Statistically significant (p < 0.001). 
Abbreviations: AUC, area under the receiver operating curve; ES, effect size; GRC, global rating change; MDC, minimum 
detectable change; SEM, standard error measurement; SRM, standard response mean.

Figure 2 Comparison of mean Mini-BESTest scores between at baseline (white box) and after intervention (gray box).
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Discussion
The present study showed that the Mini-BESTest has high-quality outcome measurement and valid psychometric 
properties for the evaluation of balance in type 2 DM patients with DPN. This study confirmed that our hypothesis 
was in consistent with our results. The Mini-BESTest found the high responsiveness with high MIC which was confirmed 
by the distribution-based and the anchor-based approaches after 12 sessions of balance exercises in a 4-weeks 
intervention.

Responsiveness of the Mini-BESTest
The distribution-based approach was detected by the significant change scores showing that it was highly sensitive to 
change and the ES and SRM values also presented large changes in the current study. These results were larger than the 
previous studies on balance disorders,20 subacute cerebral infarction,24 Parkinson’s disease23 and subacute stroke.21,22 In 
addition, the current study also reported smaller SEM (0.73) and MDC95 (2.03) values than the previous studies where 
SEM was 1.26 and MDC95 in the range of 3.0–3.5.20,42,43 These smaller changes reflect true change rather than 

Figure 3 Receiver operating characteristic curve (ROC) using the Mini-BESTest cut-off score (≥ 5) (in the blue circle) to distinguish the improvement of patients by Global Rating of 
Change (GRC) scale; patients who improved (GRC > 3) from those who did not improve (GRC ≤ 3) with the area under the curve (AUC) (0.81 (95% CI: [0.65–0.98]).

Table 4 Cut-off Value of the Mini-BESTest Change Scores According to the GRC 
Scores ≤3 versus >3

Cutpoint Sensitivity Specificity Correctly Classification LR+ LR-

≥ 4 100.00% 0.00% 72.92% 1.0000

≥ 5 97.14% 46.15% 83.33% 1.8041 0.0619
≥ 6 88.57% 69.23% 83.33% 2.8786 0.1651

≥ 7 62.86% 84.62% 68.75% 4.0857 0.4390

≥ 8 25.71% 84.62% 41.67% 1.6714 0.8779
≥ 9 11.43% 100.00% 35.42% 0.8857

> 9 0.00% 100.00% 27.08% 1.0000

Abbreviation: LR, likelihood ratio.
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a measurement error. Moreover, the change score (6.40) was higher than MDC95, meaning that it was reliable and not due 
to an error. However, both SEM and MDC95 were estimated from a subgroup (n=14) which may imply a lower 
estimation than when including all participants.

As for the anchor-based approach, the Mini-BESTest showed the largest improvement in our study. Similar to the 
previous studies,20,23 the mean GRC scores was used as an external criterion. The mean GRC scores and the Mini- 
BESTest change scores significantly correlated (r = 0.63). This moderate correlation was similar but slightly smaller than 
that of a previous study (r = 0.72) in patients with balance disorders.20 These may be due to participants’ memory bias or 
understanding of enhancement. This was supported by the finding that there was a lower correlation between the GRC 
ratings given by the patients and the therapist in our study (r = 0.52) than in the most recent study (r = 0.61).20 However, 
the acceptable correlation r ≥ 0.30 between the mean GRC and the Mini-BESTest change scores in our study confirmed 
using the GRC as an anchor to assess the balance rehabilitation outcome.

MIC of the Mini-BESTest
Using the ROC, the relative discrimination between the Mini-BESTest and the GRC scores was excellent with an AUC 
of 0.81% at a cut-off Mini-BESTest ≥5. Sensitivity was 97.15% and specificity was 46.14%. It seemed that the Mini- 
BESTest may be good for screening rather than the confirmation of the impairment of the balance. However, 34 
participants presented balance improvement in both GRC and Mini-BESTest measurements post-intervention. These 
findings were similar to the results of a recent study that found an AUC of 0.82% at a cut-off score of 5.5 (sensitivity: 
73%; specificity: 93%) determined by the ambulatory independence with or without an assisting device (external 
criterion); but the average duration between two assessments was longer as 78 days (more than 2 months).24 The change 
score in the present study was higher than in previous studies that used the GRC as an external criterion. Godi et al20 

found the Mini-BESTest change score of 4 points and an AUC of >80% in mixed neurological diseases, while the study 
of Winairuk et al24 found the Mini-BESTest change score of 3.5 with an AUC of >60% in cerebral infarction. Moreover, 
using patient-rated and therapist-rated GRC scores were used as external criterion, the change score of the Mini-BESTest 
was ranged from 3.4 to 4 points and an AUC from 75% to 82% in Parkinson’s diseases.23

Mini-BESTest showed the high responsiveness and was consistent in term of the MIC in both; as the mean change 
score of 6.40 ± 1.48 (95% CI: 5.96–6.83) for the distribution-based approach and at a cut-off ≥5 for the anchor-based 
approach. The current study showed the MIC (≥5 points) was higher than the value of MDC95 (2.03) according to the 
study of Turner et al.44 In term of the floor or ceiling effects, no such effect was found in our study, a finding that was 
consistent with previous research on patients with balance disorders in mixed neurological diseases.20 However, 
a significant floor effect of the Mini-BESTest was found in recent studies of subacute stroke patients.21,22 This may be 
because the Mini-BESTest contains items that might be difficult to perform in recent studies.21,22

Balance control includes continuous coordination of sensory, motor, and cognitive systems.45 Altered sensation 
processing from the senses and periphery in peripheral neuropathy in DM can influence motor planning, motor control, 
and motor responsiveness. Effective treatment of balance disorders depends on the cause of the impaired balance. The 
training regimen for balance exercises used in this study allows the central nervous system to process balance control 
through other systems (eg, sensory systems) that remain intact to maintain equilibrium.46,47

A high sensitivity to change was found in this study, probably due to the pathology of type 2 DM with DPN compared to brain 
disorders like stroke patients in previous studies.46,47 The recovery period for stroke patients may be longer than for individuals 
with peripheral nerve injury because balance impairment, in the first case, occurs due to a malfunction in the central nervous 
system that is unable to appropriately complete the sensory-motor integration and generate motor output. Consequently, the 
benefit of training to restore balance in stroke patients depends on the recovery of brain functioning through neuroplasticity, which 
relies on numerous factors, including the stroke severity and stage, as well as the presence of comorbidities.46,47

Strength
The balance exercises programme in the present study was a standardised intervention programme31 that covers all the 
dimensions of the balance system through balance and walking exercises, as well as functional strength and endurance 
exercises. These elements were consistent with the Mini-BESTest items. Therefore, the balance scores can be seen as 
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a better improvement than that reported in previous studies that used conventional physical therapy rehabilitation (eg, 
passive stretching, active exercises such as bed mobility, transfer, balance, and functional training) for balance improve-
ment. These programmes are not based on motor relearning, which may not be sufficient for balance improvement in 
stroke patients, a complicated condition that affects various brain areas, resulting in the disruption of brain networks and 
widespread dysfunctions.47 This is the strength of our study since it proves that the Mini-BESTest has high responsive-
ness specifically to peripheral nerve damage. Nonetheless, lower levels of improvement were found in another study of 
a population with brain disorders,20,23 implying that further research is needed to confirm its effects.

Limitation
As for the limitations of this study, the majority of the participants were females (93.8%) and the responsiveness of the Mini- 
BESTest should be compared with other standardised balance tests in type 2 DM with DPN population. Despite the fact that our 
study defined the specific duration of diabetes that was eligible, the wide age range of our participants may affect the balance test 
results. Nevertheless, the present results are in line with the recent studies, supporting that the Mini-BESTest is a valid outcome 
measurement for type 2 DM with DPN population. Furthermore, the high risk of foot ulcers and diabetic patients with peripheral 
artery disease/ lower limb ischaemia were excluded by using the subjective questionnaires in our study.

Conclusion
According to the findings of this study, the distribution-based and the anchor-based approaches indicated that the Mini-BESTest is 
highly responsive for the evaluation of balance change in type 2 DM patients with DPN after four weeks intervention, with an 
improvement of more than or equal to 5-points as an indicator of minimal importance in balance performance.
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