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Abstract

Background: The Berg Balance Scale (BBS) is frequently used to assess functional balance in older adults. The relationship of executive function and level of education with the BBS performance has not been described. The aim of this study was to determine whether (1) the performance on a task requiring executive function (part B of the Trail Making Test, TMT-B) influences results of motor and cognitive tests and (2) the number of years of formal education could be related to performance on BBS in older adults. We also explored whether there would be differences, based on performance on TMT-B (high vs low) in motor function (BBS, the timed up and go [TUG]) or cognitive function (TMT-A and TMTDELTA), the Mini Mental State Examination (MMSE), as well as years of education.

Methods: Participants included 101 older adults (age range, 60-80 years) residing in São Paulo, Brazil. Functional balance was assessed using BBS and TUG. Executive function was assessed using the TMT and MMSE. Educational status was determined by self-report of participant's total number of years of formal education.

Results: The BBS scores were inversely related to TMT-A time (r = −0.63, r2 = 0.40, P < .001) and TMT-B time (r = −0.56, r2 = 0.31, P < .001). There was a similar relationship with TMTDELTA (r = −0.47, r2 = 0.22, P < .001). The BBS scores were positively correlated to years of formal education (r = 0.48, r2 = 0.23, P < .001). There was a ceiling effect on the TMT-B, with many individuals reaching maximum score of 300 seconds. Participants with high levels of executive function had higher BBS and MMSE scores, more education, and lower TMT-A, TMTDELTA and TUG scores (P < .001) than the lower functioning group.

Conclusions: Individuals with higher capacity on tasks requiring visuospatial abilities, psychomotor speed, and executive function, such as the TMT, had better performance on BBS. Individuals with a high executive function, measured by TMT-B, also performed better on other motor and cognitive tests.
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INTRODUCTION

In older adults, balance tends to decrease as a result of age-related physiological changes. This may be the result of factors including greater dependence on visual inputs to control posture,1 increased sensory detection thresholds,2 decreased nerve conduction velocity,3 increased central processing time,4 decreased muscle strength,5 and increased passive tissue stiffness.6 Other factors that may impact on effectiveness of balance responses include the type and condition of footwear,7 over the counter and prescription medication,8 and concurrent motor and cognitive demands occurring during function.9,10 Such factors interact to increase both risk and incidence of falls.11 It is important to identify those older adults most at risk of falling. The Berg Balance Scale (BBS) is one of the most commonly used clinical measure of functional balance.12–16

More than 1 aspects of cognition (eg, memory, visuospatial ability, attention, and executive function) impact of efficacy of balance in older people.17–18 Dimensions of executive function that influence balance include planning, cognitive flexibility, response inhibition, and sequencing; all of these are thought to be mediated in the prefrontal cortex.19,20 Executive function is responsible for monitoring and processing internal and external information, establishing and achieving goals over time, solving problems, making decisions and emitting behaviors necessary to meet environmental demands.19,20,21–23 These abilities are necessary for functional and independent balance17 and locomotion.21–23 Tasks requiring executive function tend to be more difficult for older than for younger adults because the prefrontal cortex is most affected by age-related change in the central nervous system.19,24 Even older adults with no clinical evidence of cognitive dysfunction and normal scores on the Mini Mental State Examination (MMSE)25 may have difficulty with executive function tasks.

Liu-Ambrose et al17 found that individuals with lower scores on executive function tests tend to have higher risk of falling and greater postural sway. Ble et al,21 Hirota et al,22 and van Iersel et al23 found a relationship between executive function, measured by the Trail Making Test (TMT), and gait speed. In these studies, individuals with a poor executive function (detected by a high delta of the TMT, obtained by subtracting part A score from part B score) were more likely to have lower speed on an obstacle course than those with a high performance on the TMT.21,22 Hirota et al22 also showed that poor TMT performance was related to a lower speed on the Timed Up and Go test (TUG). Van Iersel et al23 assessed older adults walking with and without associated cognitive tasks and verified that individuals presenting increased stride length variability and trunk sway during the performance of animal naming tended to have poorer performance on TMT.

The TMT is a well-established measure of efficacy of executive function, with well established normative data stratified by educational status and age.26–31 Although Hanna-Pladdy19 classified the TMT as a response inhibition test, other authors suggest that the TMT can be used to assess other abilities, such as attention,26,29,30 visual scanning,26–31 information processing,27,31,32 sequencing,21,26,27 cognitive flexibility21–23,26–33 and psychomotor speed.23,26–29,32,33

Although the relations between TMT and TUG22 and between TUG and BBS9 have been described in the literature, no study investigating directly the relation between TMT and BBS was found. A study by Di Fabio et al34 that assessed the relationship of visual attention and executive function during obstacle clearance found that older individuals with better performance on the part B of the TMT (TMT-B) had higher scores on the BBS. This information supports the premise that executive function and functional balance might be related.

It is also possible that balance and risk of falling are influenced by the educational status. Individuals with little formal education are less capable of performing tasks involving visual perception, memory, divided attention, coordination, manual dexterity, and motor sequencing.35–37 In addition, they tend to have greater levels of cognitive decline and of functional dependence as they age.36,38–40 Snowdon et al38 studied the ability to perform self-care activities in aging nuns and concluded that those holding bachelor's or graduate degree were more likely to survive to old age while maintaining their functional independence.

Although the BBS is one of the most commonly used protocol to assess functional balance and detect the risk of falling in older adults, no study has investigated the relationship between level of formal education and performance on the BBS.

We hypothesized that (1) a poor performance on measures of executive function, as well as (2) a low number of years of formal education, could be associated with balance difficulties in older adults. We also hypothesized that (3) persons with high levels of executive function (TMT-B) would perform better on motor (BBS, TUG) and cognitive (TMT-A, TMTDELTA, MMSE) tests, and would have more years of education.

The purposes of this study were to evaluate the relationship between postural control (BBS score) and executive function (TMT times), and between postural control (BBS score) and level of education in a sample of older adults and to investigate motor and cognitive differences between high (HXF) and low (LXF) executive function groups using the framework described by Di Fabio et al.34 We expected to find a significant negative correlation between time to complete the TMT and the BBS score and a positive correlation between the number of years of formal education and the BBS score. We also expected to find better scores on motor and cognitive tests in individuals with a good performance on TMT-B than those with a poor performance on this task.
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METHODS

Participants

The examiners visited 2 senior centers in the city of São Paulo (SP, Brazil) and invited community-dwelling older adults aged between 60 and 80 to participate in this study. Exclusion criteria included acute or terminal illnesses, myocardial infarction in the last 6 months, moderate or severe chronic obstructive pulmonary disease, uncontrolled hypertension, uncontrolled metabolic disease, acute orthopedic injuries, neurological disease, muscular disease, inability to ambulate independently or need for assistance in daily life activities, inability to read and/or write, less than 3 years of formal education, inability to understand the instructions to perform the tests, inability to say the alphabet sequence, significant cognitive impairments (determined by the cut-points for each educational status, according to the Brazilian version of MMSE: 23 for individuals with 3 to 4 years and 26 for individuals with 5 to 16 years of formal education)25 or significant visual impairment (detected by the Snellen chart).41

A total of 101 older adults (78 women) were eligible to participate. All were living independently and could walk without ambulatory assistive devices. Individuals wearing corrective lenses were accepted. Participants were assessed individually in a quiet room at their senior centers. After receiving detailed explanation about the study individually, they signed a written informed consent approved by the Committee on Research at the University of São Paulo.
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Motor and Cognitive Assessment

Balance was assessed with the BBS12–16 and gait speed was assessed with the TUG.13,15 Functional testing (BBS and TUG) was administered by an experienced Physical Therapist. The TMT26–33 was used to assess executive function and the MMSE25 was used to as a screening for cognitive function. Educational status was assessed by asking “How many years of schooling have your completed?” If the participant responded that he/she had completed high school, a follow-up question was asked: “Have you been to college or university?” If yes, participants were asked how many years of college or university had been completed. The total number of years of formal education was recorded. The educational system in Brazil includes 9 years of elementary school and 3 years of high school. Undergraduate studies take place in 4, 5, or 6 years, depending on the area. Cognitive testing (TMT) was administered by an examiner with extensive experience using this test. Half of the participants completed functional tests, followed by cognitive testing. The other half started with the cognitive tests, followed by functional testing. This strategy was used to minimize effects of fatigue and testing order.
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Trail Making Test

The reliability and validity of the TMT are well established.26,28,29,33 This paper and pencil test consists of 2 parts. Time to complete each part is measured by stopwatch and recorded in seconds. Part A requires the serial connection of numbers (1 to 25) randomly distributed on a white sheet of paper. Part A (TMT-A) assesses attention,26,29,42,43 visual scanning,28,29,32,42 motor speed and coordination.28,29,32 During part B (TMT-B), participants are asked to connect randomly positioned numbers (1-12) and letters (A-M) in the correct number—letter sequence (example: 1, A, 2, B, 3, C, etc). Before starting the test, participants say the alphabet to ensure that they are familiar with the alphabet sequence. The maximum time allowed to complete each part of the test is 300 seconds. If the allotted time is reached, the test stops and the maximum score of 300 is recorded.32 The TMT-B is more difficult and is used to asses mental flexibility20,26,28–30,32 and working memory42 in addition to the abilities assessed by part A. Both TMT-B33,34 and TMTDELTA21–23 are considered accurate measures of executive function.
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Berg Balance Scale

The BBS is an ordinal scale with established reliability and validity12,14 measuring the ability to maintain balance while doing functional tasks. The 14 items of the BBS include common tasks such as sitting, transferring from one chair to another, rising from a chair, standing, reaching an object, and changing direction when standing. Each item is rated from 0 to 4. Item scores are summed for a total BBS score; scores can range from 0 to 56.

The BBS was specifically designed to assess balance ability of older adults, to monitor changes in balance over time, to screen patients in need of rehabilitation and to assess the risk of falls in community-dwelling and institutionalized older adults.8–16 A recent study by Muir et al found that individuals with BBS of 55 have a 35% chance of falling in the next 6 months; the risk of falls increases to 63% for those with BBS scores below 40.16
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Data Analyses

Descriptive statistics were used to characterize age, gender, level of education, executive function, and balance. As the scores on the tests did not display a normal distribution, a Spearman rho (ρ) nonparametric correlation coefficient was used to determine how each cognitive variable (TMT-A, TMT-B, TMTDELTA, and educational status) was related with the BBS. The coefficient of determination (r2) was also used to determine the shared variance. After that, a cut-point of 160 seconds on TMT-B was used to divide the participants in 2 groups: high (HXF) and low executive function (LXF).34 The Mann-Whitney nonparametric test was used to compare the motor (TUG, BBS) and cognitive (TMT-A, TMTDELTA, MMSE) performance, and the number of years of formal education of the HXF to the LXF. Statistica 8.0 for Windows (StatSoft Inc, Tulsa, OK) was used for all analyses.
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RESULTS

The mean score on BBS was 53.4 (3.1) points; scores ranged from 44 to 56. The mean level of education was 7.1 (4.4) years, ranging from 3 to 16 years. Scores on TMT-A ranged from 23 to 127 seconds, with a mean of 63.0 (26.6) seconds. There was greater variability in TMT-B, with scores ranging from 40 to 300, with a mean of 178.4 (96.3) seconds (Figure 1; Table 1).

[image: Figure 1]Figure 1. Scatterplot representing the relation between the score on part A of the Trail Making Test (TMT-A) and the score on the Berg Balance Scale (BBS). Each circle represents a single participant. Some circles are superposed because some participants had the same scores on TMT-A and BBS. There was a significant correlation between TMT-A and BBS (r = −0.63, r2 = 0.40, P < .001).



[image: Table 1]Table 1. General Demographic Data and Scores



BBS scores were inversely related with time to complete TMT-A (r = −0.63, r2 = 0.40, P < .001) and TMT-B (r = −0.56, r2 = 0.31, P < .001) (Figure 2, Table 2). There was a similar, but less expressive relationship with TMTDELTA (r = −0.47, r2 = 0.22, P < .001, Table 2).

[image: Table 2]Table 2. Relation Between BBS and Cognitive Variables (TMT-A, TMT-B, TMTDELTA, and Years of Education) (r, r2, and P Values).



[image: Figure 2]Figure 2. Scatterplot representing the relation between the score on part B of the Trail Making Test (TMT-B) and the score on the Berg Balance Scale (BBS). Each circle represents a single participant. There was a ceiling effect and many individuals scored 300 seconds on TMT-B. Some circles are superposed because some participants had the same scores for TMT-B and BBS. There was a significant correlation between TMT-B and BBS (r = −0.56, r2 = 0.31, P < .001).



Twenty-nine individuals scored 300 seconds on TMT-B, the upper limit for the test. This means that these participants did not actually complete TMT-B. The percentage of individuals scoring 300 seconds on TMT-B increased as BBS score decreased: 0% for BBS = 56; 22.2% for BBS = 55; 27.8% for BBS = 54; 40.0% for BBS = 53; 40.0% for BBS = 52; 44.0% for BBS = 51; 50.0% for BBS = 50; 66.7% for BBS = 49; and 100% for scores below 49 (Table 3).

[image: Table 3]Table 3. Percentage of Individuals Scoring 300 Seconds on TMT-B for Each BBS Score.



There was a positive correlation between level of education and the BBS score (r = 0.48, r2 = 0.23, P < 0.001) (Table 2). Although the P value was significant, there was a high variability of BBS scores for each number of years of education. For example, for those with a maximum BBS score of 56, the number of years of education ranged from 4 to 16.

When the participants were divided in HXF group and LXF group, the Mann-Whitney tests showed no differences in age and gender. The tests also showed that the HXF group had higher scores on MMSE and BBS, more years of formal education and lower scores on TUG, TMT-A, and TMTDELTA (P < .001 for all comparisons) than the LXF group (Table 4).

[image: Table 4]Table 4. Characteristics of the Participants Grouped by Executive Cognitive Status (Cut-Point: 160 s on TMT-B). Measures of Executive Function and Differences Between the High Executive Function Group (HXF) and the Low Executive Function Group (LXF) Found in the Study by Di Fabio et al and in the Present Study
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DISCUSSION

This study sought to expand understanding of possible relationships between cognitive function and level of education with balance. As we included only individuals who were living independently, postural control was fairly good among the participants.
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Berg Balance Scale and Trail Making Test

The significant correlation between the time to complete the TMT and BBS score suggests that older adults with effective executive function (as indicated by low TMT times) may have better balance (as indicated by high BBS scores).

Visual attention influences visuomotor control, which is assessed by TMT-A and TMT-B.26,29,42 Visual attention also influences balance responses in older individuals.9,10 Older adults can use visual attention to compensate difficulties in maintaining static postures,10 which are tested in some items of the BBS (sitting unsupported, standing unsupported, standing with feet together, tandem standing, and standing on one leg). Thus, older adults with a more efficient visual attention may achieve better scores on BBS than older adults with a poor visual attention.

TMT-A and TMT-B also require the ability to sequence.26,29,32 Several tasks on the BBS may also demand motor sequencing, including transfers, turning 360 degrees or stool stepping. The fact that both BBS and TMT involve tasks that demand sequencing abilities may contribute to their relation. Motor speed is evaluated by both TMT28,29,32,33 and BBS. Ble et al21 and Hirota et al22 found a relation between TMT and gait speed: individuals with better performance on TMT also moved faster through an obstacle course. Our results are consistent with these findings: functional gait and balance are associated with speed as measured by TMT times.

There was a stronger correlation of BBS with TMT-A than with TMT-B. Forty percent of variance in the BBS was explained by TMT-A time (coefficient of determination: r2 = 0.40), while less of the BBS was accounted for by TMT-B times TMTDELTA (coefficients of determination r2 = 0.31 and r2 = 0.22, respectively).

TMT-B, which requires switching between numbers and letters in sequence, is a more complex cognitive task than TMT-A. Persons with fewer years of education tend to take more time to complete TMT-B.26–33,44 In this study, many participants did not complete TMT-B within the allotted 300 second maximum, creating a ceiling effect and a nonnormal distribution. This might explain the lower than expected relationship between TMT-B and BBS. Studies involving older adults with little formal education reported this same difficulty and concluded that TMT-B was less sensitive than TMT-A for this population.26,44 TMT-B requires mental flexibility26,28–31,32 and working memory,42 which may not be fundamental during BBS tasks. The components that TMT-B has in common with the BBS may be the same ones that TMT-A has in common with BBS: visual scanning, sequencing, and motor speed.

Although the percentage of individuals scoring 300 seconds on TMT-B tended to be higher for lower scores of the BBS, there were individuals who had a high score on BBS and a poor performance on the TMT. The relation between TMT and BBS cannot be taken as a general rule; it is possible to have both good functional balance and poor executive function.

We found stronger correlations between parts A and B of the TMT and the BBS than between the TMTDELTA and the BBS. Because many older adults could not complete part B in the maximal time allowed (300 seconds),32 there was a ceiling-effect, possibly underestimating the scores on TMT-B and, consequently, masked the delta, resulting in lower values for individuals who had much difficulty on the test.
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Berg Balance Scale and Education

Year of education was correlated with the performance on the BBS 9 (r = .48, P < .05); however, there was great variability in our data. Year of education alone explained only 23% of BBS score (coefficient of determination (r2 = 0.23).

What is more, as we included only independently living older adults, most with little or no balance impairment (35.6% scored 56 and 36.6% scored between 55 and 53 on BBS). This resulted on a nonnormal distribution, which may have minimized the strength of the relationship of BBS and level of education. This fact must be considered because it implies that the relation between BBS and years of education cannot be taken as a general rule without considering that there will be exceptions for research use and clinical practice.

Previous studies reported that individuals with less years of formal education are likely to have greater functional dependency as older adults.38–40 A study by Gitlin et al45 suggested that level of education influenced efficacy of interventions to improve balance. As someone gets older, balance abilities tend to decline, and balance performance may be influenced by availability of additional resources that can be allocated to a functional task. This availability may depend on motor resources acquired and practiced throughout life, as well as cognitive resources.4,17–19,21,34,40 Cognitive resources that help to mitigate risk of falls and compensate for balance impairment in older adults include memory, visuospatial ability, attention, and executive function.17,18 These resources are influenced by an individual's level of education: persons limited education may have less resource available in terms of visual perception, memory, divided attention, coordination, and motor sequencing.35–37 They may, in consequence, have less efficacy in postural control and balance ability.
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Differences Between High and Low Executive Function Groups

Di Fabio et al34 considered the raw score of 160 seconds on TMT-B as a cut-point for grouping elderly participants for high (HXF, below 160 seconds) or low executive function (LXF, above 160 seconds). When we divided our data using this criteria, we found a difference between means of the high (90.8 seconds) and low (264.2 seconds) executive function groups on TMT-B performance (P < .001). This difference might be the results of unequal subsample size or of years of education. The mean BBS scores in this study were 54.8 for the HXF group and 52.0 for LXF group, whereas Di Fabio et al34 reported mean BBS scores of 49.3 and 47.6, respectively. Although our sample was younger and had better and less variable functional balance, the variability on TMT-B scores was still striking. The differences found between HXF and LXF in TMT-A and TMTDELTA scores can be attributed to the strong correlation of these scores with TMT-B.33

The groups also differed significantly in MMSE and TUG scores and in educational level. This information reinforces the importance of executive function in the performance of both motor19,21–23,34 and cognitive19,27,34 tasks in older adults. The relations between TMT and TUG22 and between TMT and educational status26–31 have also been previously described. Difference in MMSE may be, to some extent, a reflection of the educational difference, because the cut-point was 23 for individuals with 3 to 4 years of formal education and 26 for individuals with 5 to 16 years of formal education. This is consistent with the findings of Hall et al,46 who suggest that while executive function and other cognitive tests, such as the digit symbol, seem to be related, this association may be predominantly attributable to level of education. Individuals with more years of education tend to have a better performance in most cognitive tests.44,46

As methodological limitations, it is important to mention that the information about health and number of years of formal education was collected by self-report and was dependent on accurate recall and report by the participants. There was also a marked ceiling effect in the scores of TMT-B. Although our results were consistent with findings of Di Fabio et al,34 we may have underestimated the average score of TMT-B, which may also have decreased the correlation between TMT-B and BBS and TMTDELTA and BBS. Given the level of variability in our data, the relationships are likely to have clinically important exceptions.

There is no clear consensus about the set of abilities measured by the trail making test tasks. While Hanna-Pladdy19 classifies the TMT as an inhibition test, others have postulated that TMT also assesses attention,26,29,33,43 visual scanning,26–31 information processing,27,31 sequencing,26,27 cognitive flexibility, 26–29,31,33 motor speed, and coordination.26–29,33 We discussed the similarities between BBS and TMT considering these multiple aspects assessed by TMT.
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CONCLUSION

The present study verified that the performance in TMT, mainly on part A, is correlated to the performance in BBS. In additional, years of education was related to the BBS score. In general, patients with better visuospatial abilities and psychomotor speed, (assessed by TMT-A) and better executive function (assessed by TMT-B), demonstrated better performance on BBS and, therefore, may be less likely to fall. Individuals with a high executive function ability (measured by TMT-B) performed better in other motor and cognitive tests. Because findings presented a large variability, the correlations should not be extrapolated to clinical practice without taking into account that there might be exceptions.
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