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REVIEW

Interpreting Results from Statistical Hypothesis Testing: 
Understanding the Appropriate P-value

Eiki Tsushima, PT, MSc, PhD

Graduate School of Health Sciences, Hirosaki University, Japan

ABSTRACT. Clinical research based on epidemiological study designs requires a good understanding of 
statistical analysis. This paper discusses the common misconceptions of p-values so that researchers and readers 
of research papers will be able to properly present and understand the results of null hypothesis significance 
testing (NHST). The p-values calculated by NHST are categorized as three different types: “significant at 
p <0.05,” “significant at p <0.01,” or “not significant.” If specified, they may be written as p = 0.124. The 95% 
confidence interval (CI) of the supplementary statistics is presented regardless of the p-value, and the range 
of the CI is observed and discussed to determine whether the results are clinically valid. The effect size (ES), 
which is a measure of the magnitude of the effect, is also referenced and discussed. However, the ES should not 
be overestimated. It is important to examine the actual descriptive statistics and consider them comprehen-
sively as much as possible. A high detection power of 80% or more indicates that NHST with high accuracy 
was applied. However, even when it falls below 80%, it is important to consider the limitations of the study, 
because the results are not completely useless.
Key words: Null hypothesis significance testing, P-value, Confidence intervals, Effect size, Power

(Phys Ther Res 25: 49–55, 2022)

Clinical research based on epidemiological study designs 
requires a good understanding of statistical analysis. This is 
essential not only for the researcher who actually conducts 
the study and performs the statistical analysis but also for the 
clinical specialist who reads the research paper.

We, physical therapists, are not statisticians, and so our 
understanding of statistics is not sufficient. However, 
because we are increasingly exposed to clinical research, we 
must avoid misinterpretations. Interpretations of p-values 
obtained by null hypothesis significance testing (NHST) is a 
basic knowledge but is often misunderstood. Although it has 
been a long time since the American Statistical Association 
(ASA) reported its statement on p-values1), it is assumed that 
the interpretation of p-values is not sufficiently widespread. 
Andreu et al.2) surveyed paramedics and respiratory thera-
pists (n = 376) about their knowledge of p-values and 

reported that 63.1% (237 persons) did not understand them 
correctly. The lack of training for research and the fact that 
less than six research papers were read in a year by the sub-
jects were the suggested reasons. In an online survey3) of 
1576 researchers, conducted by Nature, more than 90% of 
the respondents agreed that robust design of experiments, 
understanding of appropriate statistics, and mentorship are 
important for reproducible research. Mentorship was also 
found to be important.

This paper explains the nature of the p-value based on 
several reports and other statistics that supplement the lack 
of information. By addressing common misconceptions of 
the p-value, the paper aims to help researchers, or readers of 
research papers, to properly present or understand the results 
of NHST.

Clinical Significance of p-value

What is a p-value?
The p-value is a decision indicator obtained through 

NHST. In statistics, the p-value is the probability of rejecting 
the null hypothesis (H0) when it is true and erroneously 
adopting the alternative hypothesis (H1). This probability of 
rejection is called the level of significance, Type I error, or α 
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(Table 1). We conventionally set the level of significance at 
p = 0.05 or p = 0.01. For example, in the case of a test of the 
difference of means, we reject the null hypothesis that “the 
means are equal” if the p-value is p <0.05, which is inter-
preted as “the means are not equal.” It is erroneous to interpret 
this as “the means are equal”4,5).

The graph in Figure 1 shows the results of the analysis 
of the difference between the mean of population A (nA = ∞) 
(population mean μA) and the mean of population B (nB = ∞) 
(μB), when they are equal (μA = μB) and when they are not 
equal (μA ≠ μB). H0 is the test of the difference of means at the 
5% significance level B for μA = μB. An example is given in 
Figure 1a. It is the 95% (1 − α) that correctly determines that 
H0 is true and there is no difference, and conversely, it is the 
same 95% (1 − β) (power) that correctly determines that H1: 
µA ≠ µB is true and there is a difference. This is the result of 
highly accurate NHST. Because power is unknown for many 
null hypothesis significance tests, the power in Figure 1b 
can be as low as 80% (and of course, it can be large). In null 
hypothesis significance tests with a 5% significance level, 
even when there is a “significant difference at p <0.05,” 
information about the Type I error is unknown, except for 
the fact that it is 5%. The above points are common to all 
null hypothesis significance tests, not only for tests of differ-
ences in means but also for tests of correlation, regression 
analysis, and analysis of variance.

The p-value, which is frequently mentioned in many 
research reports, is a familiar but unusual number. Even if it 
is said that “there was a significant difference of less than 
5%,” it is impossible to understand what the 5% means in 
the real world.

For example, when the probability that a person does 
not have a disease after a certain test is as small as p = 0.03, 
the probability that the person does not have a disease is too 
small, and therefore, the person is considered to have a dis-
ease. However, it is not clear how much it means to be free 
of a disease at p = 0.03. Although there have been many 
reports stating that p-values alone do not provide an accurate 
picture of the facts1,4), there are still many reports that make 
judgments based on null hypothesis significance test p-values 
alone. The p-value should be used as an initial entry point 
for judgment, and it is necessary to refer to other statistical 
values afterward to deepen understanding.

Is there no effect when there is no significant difference  
(p >0.05)?

I have mentioned above that it is wrong to interpret a 
p-value ≥0.05 as “there is no difference in the means” or 
“there is no correlation (r = 0).” To be precise, it should be 
interpreted as “there is insufficient evidence for a differ-
ence in the means”; i.e., it is unclear whether there is a 
difference.

The problem of this misunderstanding has been taken 
up extensively in Nature6), and in 791 papers in five journals, 
51% are reported as relevant. Nevertheless, there are still 
many cases in which a p-value ≥0.05 in NHST is described 
as “no significant difference” and treated as if there were 
“no effects at all.” This should be corrected to “there was no 
significant difference.”

p-value and related statistics
The p-value is a statistic calculated by NHST, but it can 

be controlled by the data. P-value, effect size (ES), p (α), 
and power (1 − β) are interrelated, and once three of these 
are determined, the remaining item can be determined. The 
relationship between these statistics value is shown in Table 2. 
Increasing the sample size increases the power and decreases 
the p-value in NHST, while increasing the ES decreases the 
required sample size, increases the power, and decreases the 
p-value. Thus, intentional manipulation of the sample size 
and ES results in a corresponding change in the p-value, 
which can be controlled.

Considering this mechanism, we can understand the 
ambiguous nature of p-values. The p-value becomes smaller 
just by increasing the sample size, and associating it with the 
ES causes a major problem2,7).

Notation of p-values
Most statistical analysis software outputs the p-values 

of NHST results in detail. By referring to the results, you 
can enter more accurate p-values, for example, p = 0.725 or 
p = 0.125. However, this is erroneous.

In the case of a test of the difference of means, a signif-
icant result should be stated only as “there is a significant 
difference at p <0.05 (or p <0.01).” If there is no significant 
difference (i.e., p ≥0.01), the difference is judged to be “not 
significant”4). For example, comparing p = 0.725 and p = 
0.125, “p = 0.725 is more likely to have no difference” is 
also an error. In randomized controlled trials, p-values such 
as p = 0.852 are sometimes listed to argue that there is no 
significant difference in background factors between groups, 
but this may be misleading due to redundant expressions. 
However, the redundant expression may mislead readers. In 
a study that examined 30 main nursing journals8), it was 
found that “p = 0.000,” which is an error, was documented 
in 93.3% of the journals. Documenting p = 0.000 was likely 
due to the author wanting to strongly emphasize that the 
results obtained were significant. However, this is misleading 
to the readers.

Table 1. Determination and errors of hypotheses in NHST

Judgment

Fail to reject H0 Reject H0

Actual H0 true 
(H1 false)

Correct 1 − α Type I error α 
(=p-value)

H1 true  
(H0 false)

Type II error β Correct 1 − β 
(power)

H0, null hypothesis; H1, alternative hypothesis

NHST, null hypothesis significance testing 
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In addition, even when the p is close to 0.05, such as 
p = 0.049 or p = 0.051, it is questionable whether the results 
should be clearly separated into two9). Depending on the 
nature of the study, a precise statement such as p = 0.210 
may be required. In some cases, the p-value should be 

presented to three decimal places, although it is judged as 
“there was a significant difference at p <0.05 (or p <0.01)” 
or “there is no difference”10). In any case, as long as we do 
not understand how much difference the p-value causes in 
reality, it is a never-ending discussion. Being able to inter-
pret the results comprehensively with supplementary statistics 
would minimize the problem.

Statistical Values That Supplement the p-value

In medical research papers, NHST is performed and 
many p-values are described. The display of the confidence 
interval (CI) and result values is recommended as aid in 
interpreting p-values1,2,5,7,10,11), and the display of detection 
power is also helpful.

Confidence interval (%)
A parameter of characteristic value is a statistical value 

such as the difference of means, correlation coefficient, or 
regression coefficient in a population. The CI outputs the 
inferred value of the range containing the parameter. A 

Table 2.  Relationship between sample size, power, ES,  
and p-value

Sample 
size Power p ES

Sample size (n) ↑ ↑ ↓ -

Power (1 − β)↑ ↑ -† -

p (α = 0.05) 0.05 0.05 0.05

ES↑ ↓ ↑ ↓

↑, increase; ↓, decrease; -, unrelated 

The orientation of the arrows is also related to the opposite ori-
entation.
† Power is larger when the p-value is reduced, but is shown as -, 
because in reality, it is constant at p = 0.05.

ES, effect size

Fig. 1. Probability of “no difference” and “difference” in differences test

Type I error (α) is the probability of mistakenly assuming there is a difference when there is no 
difference (α = 0.05), and a type II error (β) is the probability of mistakenly assuming there is no 
difference when there is a difference 1(H = 0). In the case of a, the probabilities of correctly judging 
that there is a difference and there is no difference, 1 − α = 0.95 and 1 − β = 0.95, are equal. How-
ever, in the actual difference test, the probabilities, 1 − α and 1 − β, are often different, as in b. In 
this figure, the distributions of H0 and H1 have the same shape, but in reality, they are not necessar-
ily the same.
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parameter exists with a confidence of 95% in the 95% CI 
range. The 95% CI was originally compared with the 5% 
significance level. The 99% CI should be presented in com-
parison to a significance level of 1%7); however, the trend is 
to present only the 95% CI.

To be precise, it does not mean that the range of the 
95% CI contains the parameter with a probability of 
95%4,12,13). In reality, a parameter is either present (100%) or 
absent (0%) in the range. The truth of this is a difficult mat-
ter to understand, as no conclusion has been reached even in 
the field of statistics. However, because the range of CI 
includes a parameter with a high probability, it is possible to 
estimate the effect more concretely with the CI than with the 
p-value only.

When the difference is significant at p <0.05, we can 
estimate the range of the size of the parameter (upper and 
lower limits) by looking at the CI, and we can consider the 
extent of the difference by referring to an index such as 
the minimal clinically important difference (MCID). When 
the 0.05 difference is not significant, the smaller the upper 
limit of the CI and the smaller the range of the CI, the 
smaller the positive effect12).

To give a simple example, Clement et al.14) evaluated 
Western Ontario and McMaster Universities osteoarthritis 
index (WOMAC) scores 1 year after total knee arthroplasty 
(TKA) and calculated the MCID before and after surgery. 
As a result, the MCID of the total WOMAC score was cal-
culated as 10. Suppose that we conducted a study to evaluate 
the WOMAC score before and after TKA and obtained the 

results as shown in Figure 2; if the WOMAC score does not 
improve to a mean value that is higher than 10, there is no 
clinical efficacy. In cases A to D, a significant change (dif-
ference) of p <0.05 was observed in all. A is the mean 
amount of change (different mean) and is 11, which is cer-
tainly higher than the MCID. However, the lower limit of 
the 95% CI is lower than 10. Moreover, with NHST, even if 
there is a significant difference, considering the 95% CI, it is 
difficult to assert that there is a clinically effective difference. 
In case B, the 95% CI is very narrow and the lower limit 
exceeds 10. For C, the mean is 20, which is high; however, 
the lower limit of the 95% CI is below 10, and so the inter-
pretation is the same as that for A. For D, both the mean and 
lower limit highly exceed 10, and therefore, there is statisti-
cal significance and a significant difference even clinically.

E is an example of a non-significant difference in 
NHST. The mean of the differences is 1, and the lower limit 
of the 95% CI is below 0, which is a negative value (possibly 
worsened). Empirically, if the WOMAC does not exceed 5, 
it is considered to be ineffective, and we may conclude that 
the difference in case E is not statistically significant and 
clinically equivalent to no effect.

One disadvantage of these CIs is that many of them can 
only be calculated using parametric methods (NHST for 
data that follow a normal distribution); most nonparametric 
methods, such as the Mann–Whitney and Friedman’s tests, 
cannot be used. The Hodges–Lehmann estimator is used for 
this purpose, but it is not clear whether it is accurate. 
Recently, CI of the Mann–Whitney test15) has been devised. 
Another disadvantage of the CI is that it is an interval esti-
mate, which makes it difficult to interpret, especially when 
the sample size is small, because the width of the interval 
becomes wide. Nevertheless, it should be useful as supple-
mentary information to the p-value.

Effect size
ES is the effect size, and unlike CI, it is not a parameter 

but the effect of the difference of means, the correlation 
coefficient or the regression coefficient obtained from the 
actual sample. N = 10 means the ES of N = 10, N = 100 
means the ES of N = 100. Thus, each time you change the 
sample, you get a different value.

There are two types of ESs, unstandardized effect sizes 
(U-ESs) and standardized effect size (S-ESs), which have 
been devised by various researchers. In actuality, 615) to 7016) 
types have been recognized. In this section, we describe the 
most frequently used ESs.

The U-ES is the value of the mean or difference of 
means, regression coefficient, etc. The U-ES varies depend-
ing on the size of units and standard deviation of the raw 
data, making direct comparison with other reports difficult. 
Therefore, S-ES, which eliminates the effect of units and 
standard deviation, is often used.

S-ES can be further divided into the d-family and 
r-family. The d-family includes Cohen’s d, Hedges’ g, and 

Fig. 2.  Example of mean and 95% CI of change (difference) 
between pre- and post-TKA surgery

The CI uses two values to represent the range: the upper limit 
(upper) and the lower limit (lower). Five cases of 95% CIs (A–E) 
were given. Mean is the mean of the difference between preoper-
ative and postoperative changes. For A–D, all the lower values 
exceeded 0 (diff. = 0 indicates that the difference is 0); thus, there 
was a significant change (difference) at p <0.05. For E, the lower 
limit of the 95% CI was below 0, and therefore, a significant 
difference could not be detected. 

CI, confidence interval; TKA, total knee arthroplasty; WOMAC, 
Western Ontario and McMaster Universities osteoarthritis index 
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Glass’s delta. The r-family includes ES r, Pearson’s correla-
tion coefficient r, correlation ratio η, phi coefficient, Cram-
er’s V, and so on. The S-ES can be calculated by 
nonparametric methods.

The d-family expresses the ES as a numerical value 
with no upper limit 0, whereas the r-family expresses the ES 
as a range of 0–1, which has the advantage of being easier to 
interpret.

The criteria for evaluating the size of ESs are also 
shown. In Cohen’s d, ≥0.2 are small effects, ≥0.5 are medium 
effects, and ≥0.8 are large effects17). Brydges18) examined the 
S-ES based on multiple meta-analyses published in geronto-
logical journals and determined practical values using the 
quartiles criteria. The actual S-ES was smaller than Cohen’s 
benchmark and was overestimated.

Because there are many calculation methods for ES, it 
is necessary to clearly state which ES was used. In addition, 
more detailed information can be obtained by describing 
both U-ES and S-ES5). This should be considered essential 
for the odds ratio (OR), which is one of the ESs.

Table 3 shows examples of ORs and 95% CIs of ORs 
for data with more or fewer people based on the data in a. 
The ORs are the same for all cases, but some subtables differ 
greatly when looking at the number of patients. The OR 
does not change when the number of patients with no dis-
ease is increased, as shown in Table 3b–3d. Although the 
number of people in a and g are very different, the OR 
remains constant. However, the range of the 95% CI 
becomes wider as the number of people decreases. In other 
words, it is necessary to present the raw data or to provide 

Table 3. Observed ORs with 95% CIs when changing data

a. Normative data

Disease
Odds

Yes None

Testing Positive + 1,000   500 2.00

Negative -   500 1,000 0.50

Total 1,500 1,500

OR 95% CI-L† 95% CI-U‡

4 3.44 4.66

b. Double the number of people without disease in the  
 reference data

Disease
Odds

Yes None

Testing Positive + 1,000 1,000 1.00

Negative -   500 2,000 0.25

Total 1,500 3,000

OR 95% CI-L 95% CI-U

4 3.51 4.56

c. Five times the number of people without disease in the  
 reference data

Disease
Odds

Yes None

Testing Positive + 1,000 2,500 0.40

Negative -   500 5,000 0.10

Total 1,500 7,500

OR 95% CI-L 95% CI-U

4 3.56 4.50

d. 10 times the number of people without disease in the  
 reference data

Disease
Odds

Yes None

Testing Positive + 1,000  5,000 0.20

Negative -   500 10,000 0.05

Total 1,500 15,000

OR 95% CI-L 95% CI-U

4 3.57 4.48

e. 1/10 times the number of people in the reference data

Disease
Odds

Yes None

Testing Positive + 100  50 2.00

Negative -  50 100 0.50

Total 150 150

OR 95% CI-L 95% CI-U

4 2.47 6.46

f. 1/100 times the number of people in the reference data

Disease
Odds

Yes None

Testing Positive + 10  5 2.00

Negative -  5 10 0.50

Total 15 15

OR 95% CI-L 95% CI-U

4 0.88 18.26

g. 1/500 times the number of people in the reference data

Disease
Odds

Yes None

Testing Positive + 2 1 2.00

Negative - 1 2 0.50

Total 3 3

OR 95% CI-L 95% CI-U

4 0.13 119.23

†95% CI-L: lower bounds of the 95% CI
‡95% CI-U: upper bounds of the 95% CI

OR, odds ratio; CI, confidence interval; L, lower; U, upper

Table 3. (Continued)

(Continued)
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additional information on the 95% CI, especially when pre-
senting ratio values such as OR.

Power (1 − β)
Power is the probability of obtaining a significant result 

(to judge correctly) when the alternative hypothesis H1 is 
true (Table 1). In the example of the difference of means 
test, it is the probability of correctly judging that there is a 
significant difference when there is truly a difference in the 
population mean. The 95% entered in µA ≠ µB in Figure 1a 
and the 80% in Figure 1b represent the power. Even though 
there is a difference in the population mean, the probability 
of incorrectly judging that “there is a significant difference” 
is called a type II error (β).

There is a trade-off between power and p-value, but in 
reality, the p-value is fixed at p = 0.05. Therefore, it is 
described as unrelated in Table 2. However, power is not 
determined only by p-value.

A more accurate null hypothesis significance test also 
has a higher power, because a higher power (1 − β) means a 
smaller β. The power of a is higher than that of b in Figure 1, 
indicating that the null hypothesis significance test is more 
accurate. Determining the power in this way is useful for 
evaluating the accuracy of the test.

Although there is theoretical basis for doing so19), it 
is customary to set the power to 0.8 (80%) or 0.95 (95%)7). 
Generally, Type II error (β) is taken as 0.2 and the value 
is 0.87.

There are two types of power analyses, the a priori 
method and the post hoc procedure. The a priori method 
determines the power and ES before the study and deter-
mines the sample size required for the null hypothesis sig-
nificance test in advance. Because the power is fixed at 0.8, 
the sample size can be obtained if the ES is known in 
advance. Free software such as G*Power20) is useful for cal-
culating the detection power, and the ES is generally 
obtained from previous similar studies or preliminary studies. 
If multiple null hypothesis significance tests are to be per-
formed, choose the largest sample size for each.

In the post hoc procedure, the NHST is actually per-
formed after the study is completed to evaluate the power of 
detection. If the power is greater than 80% for all the null 
hypothesis significance tests, a highly accurate null hypoth-
esis significance test has been applied. In some cases, the 
power may be low because of insufficient sample size due to 
dropouts or other factors, and in other cases, the power may 
exceed 80% because of a large ES.

It does not matter if the power is less than 80%. It is 
important to consider the reasons for the drop and to be 
aware of the limits of what can be mentioned.

Conclusion

This paper discussed the meaning of p-values and the 
need for supplementary statistics with reference to various 

reports. These are summarized in the following section on 
how to appropriately present the results of null hypothesis 
significance tests. In the future, we should be aware of the 
need to be careful not to let misunderstandings lead us in the 
wrong direction.

1. Judgments based on the p-values calculated by NHST are 
the following three: “significant at p <0.05,” “significant 
at p <0.01,” or “not significant.” If specified, “not signifi-
cant” may be written as p = 0.124.

2. If the statistical software outputs the 95% CI, the value 
should be added. The 95% CI should be presented regard-
less of the p-value, and the range should be observed and 
discussed from a professional perspective to determine 
whether the results are clinically valid.

3. ES is one indicator of effect size. It is worth considering, 
but it should not be overestimated. Whenever possible, 
actual descriptive statistics should also be taken into con-
sideration.

4. In particular, for ESs expressed as ratios such as OR, raw 
data, descriptive statistics, and 95% CI should be used as 
additional information to avoid misinterpretation.

5. A high detection power of 80% or more indicates that the 
NHST with high accuracy was applied. However, it is 
important to consider the limitations of the study, because 
the results are not completely useless even when the 
power is below 80%.

The most important thing is to follow a good research 
design and to have data that are small in bias and well under-
stood. No amount of good statistical analysis can solve this 
problem.

Conflict of Interest: The author declares no conflicts of 
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Cost-effectiveness Analysis of Combined Physical and 
Cognitive Exercises Programs Designed for Preventing 
Dementia among Community-dwelling Healthy 
Young-old Adults

Gohei Kato, PT, PhD1, Takehiko Doi, PT, PhD2, Hidenori Arai, MD, PhD3 and Hiroyuki Shimada, PT, PhD2
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2)Department of Preventive Gerontology, Center for Gerontology and Social Science, Research Institute, National Center for 
Geriatrics and Gerontology, Japan
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ABSTRACT. Objective: This study aims to estimate the cost-effectiveness of combined physical and cogni-
tive programs designed to prevent community-dwelling healthy young-old adults from developing dementia. 
Methods: The analysis was conducted from a public healthcare and long-term care payer’s perspective. 
 Quality-adjusted life years (QALYs) and expenses for health services and long-term care services were 
described in terms of effectiveness and cost, respectively. A thousand community-dwelling healthy adults 
aged 65 years were generated through simulation and analyzed. The incremental cost-effectiveness ratio 
(ICER) of adults with preventive program intervention compared to those with nonintervention was simu-
lated with a 10-year cycle Markov model. The data sources for the parameters to build the Markov models 
were selected with priority given to higher levels of evidence. The threshold for assessing cost-effectiveness 
was set as less than 5,000,000 Japanese yen/QALY. Results: The ICER was estimated as −5,740,083 Japanese 
yen (US$−57,400)/QALY. Conclusion: A program targeting community-dwelling healthy young-old adults 
could be cost- effective.
Key words: Cost-effectiveness analysis, Prevention, Dementia, Combined physical and cognitive exercises, Older 

adults
(Phys Ther Res 25: 56–67, 2022)

The rapid aging of populations is being seen in many parts 
of the world1). The same trend is also seen in Japan, where in 
2018, the population aged 65 years and older was 35.89 mil-
lion, making up 28.4% of the total population2). Aging 
induces an increase in the number of frail older adults and 
the cost of their healthcare and long-term care3).

One of the typical and problematic diseases related to 
aging is dementia, which not only induces deterioration of 

health but also increases the cost of medical and long-term 
care and makes it difficult to sustain the health and long-term 
care systems of Japan4,5); Japanese society’s total costs from 
dementia have been estimated to reach 24.3 trillion Japanese 
yen by 2060. Therefore, there has been a call for the intro-
duction of preventive programs to avoid the risk of cognitive 
decline and dementia6).

It has been suggested that people who experience 
multiple-domain mild cognitive impairment (MCI) have a 
high risk of developing dementia7). MCI has been indicated to 
be highly reversible to a healthy state if the appropriate inter-
vention is received as early as possible7–9). Exercise has been 
suggested as an effective intervention to prevent dementia8,9), 
and combined physical and cognitive programs10,11) have 
been suggested to be especially effective if introduced early, 
when young-old adults are in a healthy or MCI state before 
developing dementia7).
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Cost-effectiveness of Physical and Cognitive Exercises

To achieve dementia-free communities7), introducing a 
sufficiently cost-effective public health program might be 
beneficial to society. A Markov model has been suggested to 
be useful for health-economic analyses because, for exam-
ple, it can incorporate risks that are continuous over time12). 
Indeed, it has been applied to health-economic analyses for 
health-related preventive services in international cases13) and 
in Japan14). In the same way, a health-economic evaluation of 
primary prevention programs for dementia has also been  
recommended15). Although there has been a study of health- 
economic analysis for pharmacological interventions for peo-
ple who have already developed dementia16), to our knowledge, 
no studies have applied health-economic analysis to primary 
prevention programs for dementia using a Markov model.

Understanding the value of the cost-effectiveness of a 
prevention program might aid in making a decision on intro-
ducing it into the community.

This study therefore aims to estimate to what extent 
combined physical and cognitive programs designed to pre-
vent community-dwelling healthy young-old adults from 
developing dementia would be cost-effective using a Mar-
kov modeling analysis.

Methods

The analysis was conducted from a public healthcare 
and long-term care payer’s perspective17). Quality-adjusted 
life years (QALYs) were described in terms of effectiveness, 
and expenses in terms of cost, for health services and long-
term care services. The target population was Japanese 
 community-dwelling healthy young-old adults; the subjects 
were aged 65 years. The data sources for the parameters to 
build the Markov models17) were selected with priority given 
to those with higher levels of evidence, such as systematic 
reviews, and those developed in Japan, as recommended 
elsewhere17).

The analysis was conducted with TreeAge Pro Health-
care version 2021 R1.1 (TreeAge Software, Williamstown, 
MA, USA). This study was approved by the Ethics 
 Committee of the Tokyo Professional University of Health 
Science (TPU-20-002). The sources of the parameters are 
shown in Table 17,17–26).

The group assumed not to receive the preventive exer-
cise program was defined as the nonintervention group 
(NIG); the others who participated in the program were 
defined as the intervention group (IG). The incremental 
cost-effectiveness ratio (ICER) of the IG to the NIG was 
analyzed using a 10-year Markov model. One year was set 
as one cycle. The threshold for assessing cost-effectiveness 
was set as less than 5,000,000 yen/QALY27). Additionally, 
the incremental net monetary benefit (INMB)28) was calcu-
lated by equating 1 QALY to 5,000,000 yen to consider the 
cost- effectiveness of the preventive exercise program from a 
restricted societal perspective17). The INMB was used to 
consider the 10-year productivity loss when the subjects did 

not receive the intervention. In this study, 100 yen was con-
sidered equal to 1 United States dollar (US$) to understand 
the results from an international perspective.

Structure of the Markov models
Two 10-year cycle Markov models for NIG (Fig. 1A) 

and IG (Fig. 1B) were built. One thousand healthy 
 community-dwelling adults aged 65 years in the first year of 
the simulation were selected for the analysis.

The six transition states indicated in a previous study20) 
to categorize people with predementia, MCI, or dementia 
were applied. The NIG (Fig. 1A) had the states (a) well, 
(b) mild level of dementia, (c) middle level of dementia, 
(d) severe level of dementia, (e) dead with dementia, and 
(f) dead without developing dementia. Similarly, seven tran-
sition states for the IG (Fig. 1B) were defined by adding the 
MCI state to those of the NIG.

The states of death were set as the endpoints of the 
models. Those who were in a state of dementia were assumed 
to receive medical treatment. The severity of dementia was 
classified into each care needs level of the  Japanese long-
term care system29) by a physical therapist who was certified 
to give a specialist opinion on care needs level; this method, 
asking for a specialist opinion for the classification, follows 
a previous cost-effectiveness study for dementia conducted 
in Japan16). Those who were in the state of a mild level of 
dementia were assumed to be in support levels 1 or 2, or care 
need level 1. They were assumed to receive preventive day 
service for dementia or day service for dementia, and preven-
tive short stay for dementia or short stay for dementia from 
the long-term care system. Those who were in the middle 
level of dementia were assumed to be in care need levels 2 
or 3. They were assumed to receive day service for dementia 
and short stay for dementia. Those who were in the state of 
severe dementia were assumed to be in care need levels 4 
or 5. They were assumed to stay in community -based facili-
ties. The possibility of reversion from the MCI state to the 
well state was only present in the IG, while reversion after 
dementia was not considered possible. QALY and costs were 
calculated with a half-cycle correction13) and translated to the 
current value with a 2% per year discount rate17).

The individuals in the IG were assumed to receive 
screening for MCI and dementia once a year, and the pro-
gram with combined physical and cognitive exercises 
involved a 90-minute weekly session focused on physical 
and cognitive activities, which was conducted 40 times in 
the first year (details are reported elsewhere11)). Based on a 
previous study11), 15 individuals were assumed to participate 
in each session conducted by 2 geriatric physical therapists 
and 5 instructors in public halls. As a note, the number of 
participants in each session for this study was smaller than 
that of the previous study (15 individuals vs. 16–32 individ-
uals). This was because the space of public halls for the 
intervention in this study was assumed to be narrower than 
that of the fitness facilities in the previous study. From the 
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(Continued)

Table 1. Parameters related to the transition probability, effectiveness, costs, and discount rate

Parameter Subgroup Unit Basic 
value

Range  
(lowest − highest)

Type of 
range Distribution Source

Transition probabilities and effectiveness

Transition prob-
ability from 
state of well to 
dementia

65−69 
years old

%/year 2.18 1.44 14.91 95%CI Triangular Ninomiya  
(2015)18)

70−74 
years old

%/year 4.84 95%CI Triangular Ninomiya  
(2015)18)

75− years 
old

%/year 10.75 95%CI Triangular Ninomiya  
(2015)18)

Transition 
probability 
from MCI to 
dementia

%/year 3.93 1.14 5.90 95%CI Triangular Shimada (2017)7)

Probability of 
severity in 
dementia

Mild % 38.50 30.80 46.20 ±20% Dirichlet Asada (2013)19)

Moderate % 24.10 19.28 28.92 ±20% Dirichlet Asada (2013)19)

Severe % 37.40 29.92 44.88 ±20% Dirichlet Asada (2013)19)

Transition prob-
ability from 
MCI to well

%/year 10.98 5.69 19.02 95%CI Triangular Shimada (2017)7)

Transition prob-
ability from 
well to MCI

%/year 13/15 times of transition probability from 
state of well to dementia

95%CI Triangular Ninomiya (2015)18)

Asada (2013)19)

Relative risk 
for death in 
the state of 
dementia

%/year 2.80 1.85 4.24 95%CI Triangular July (2021)20)

Effect of  
combined 
physical and 
cognitive exer-
cises to prevent 
the progression 
of MCI

All age rate/year 0.65 0.55 0.76 95 % CI Triangular Blondell (2014)21)

Effect of com-
bined physical 
and cognitive 
exercises to 
prevent the 
progression of 
dementia

All age rate/year 0.86 0.76 0.97 95 % CI Triangular Blondell (2014)21)

Effectiveness Well QALY/
year

1.00 1.00 1.00 95% CI Triangular Estimated by 
authors

MCI QALY/
year

0.75 0.16 1.00 95% CI Triangular Landeiro (2020)22)

Dementia 
(Mild)

QALY/
year

0.61 0.00 1.00 95% CI Triangular Landeiro (2020)22)

Dementia 
(Moder-

ate)

QALY/
year

0.41 0.00 1.00 95% CI Triangular Landeiro (2020)22)

Dementia 
(Severe)

QALY/
year

0.21 0.00 0.74 95% CI Triangular Landeiro (2020)22)

Dead QALY/
year

0.00 0.00 0.00 95% CI Triangular Estimated by 
authors

Costs related to the program

Cost for  
screening

Well MCI yen/year 6,000 4,800 7,200 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Number of 
individuals in a 
session

Well MCI n/session 15 12 18 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)
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Table 1. (Continued)

Parameter Subgroup Unit Basic 
value

Range  
(lowest − highest)

Type of 
range Distribution Source

Number of phys-
ical therapists 
for a session

Well MCI n/session 2 1 3 Estimated Triangular Shimada (2017)7)

Number of 
instructors for 
a session

Well MCI n/session 5 4 6 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Cost for a phys-
ical therapist 
for a session

Well MCI yen/ses-
sion

8,396 6,716 10,075 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2020)23)

Cost for a  
instructors for 
a session

Well MCI yen/ 
session

3,000 2,400 3,600 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Numbers of 
sessions held 
in a year

Well MCI 
(First year)

sessions/
year

40 32 48 ± 20 % Triangular Shimada (2017)7)

Well MCI 
(From 2nd 

year)

sessions/
year

2 2 2.4 ± 20 % Triangular Estimated by 
authors

Cost for a 
public space 
to conduct the 
session

Well MCI yen/ 
session

900 720 1,080 ± 20 % Triangular Obu city (2021)24)

Cost for main-
taining the 
program

Well MCI yen/year 6,000 4,800 7,200 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Costs for medical and long-term care

Cost for day 
service for 
dementia

Dementia 
(Mild/

Moderate)

yen/year 1,530,000 1,224,000 1,836,000 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for preven-
tive day service 
for dementia

Dementia 
(Mild)

yen/year 614,400 491,520 737,280 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for preven-
tive short stay 
for dementia

Dementia 
(Mild)

yen/year 471,600 377,280 565,920 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for short 
stay use for 
dementia

Dementia 
(Mild/

Moderate)

yen/year 1,315,200 1,052,160 1,578,240 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for stay in 
community- 
based facility

Dementia 
(Severe)

yen/year 3,448,800 2,759,040 4,138,560 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for medical 
treatment for 
dementia

Dementia 
(Mild)

yen/year 527,344 421,875.2 632,812.8 ± 20 % Triangular Tomata (2014)26)

Dementia 
(Moderate)

yen/year 841,974 673,579.2 1,010,368.8 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Dementia 
(Severe)

yen/year 1,035,384 828,307.2 1,242,460.8 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Discount rate %/year 2.00 0.00 4.00 estimated Triangular Shiroiwa (2017)17)

MCI, mild cognitive impairment; CI, confidence interval; QALY, quality-adjusted life year
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second year, the individuals who were in the well or MCI 
states were assumed to receive the screening once a year and 
the program twice a year.

Parameters
The basic values of the parameters were used to pro-

duce a base case of the results from a Markov cohort analy-
sis. The range of values and distribution were applied for 
sensitivity analysis. The mean values among subgroups, such 
as sex and type of dementia, were used as needed to produce 
the base case, while the lowest and highest values among 
subgroups were used for the sensitivity analysis. Multiple 
years (n) of transition probabilities were converted to values 
for 1 year (p) using the following formula as needed30):

p p n= − −1 1 1( ) .( / )

Transition probability
The basic values of the transition probabilities are 

shown in Table 1. The probability of newly developing 
dementia in a year was substituted with the estimated preva-
lence of dementia, following age groups in Japan18). The 
probabilities of newly developing dementia in a year for 
66–69-year-old, 70–74-year-old, and 75-year-old adults 
were set at 2.18%, 4.84%, and 10.75%, respectively18). The 
mean transition probability from the well state to the MCI 
state was set at 13/15 times the probability of newly devel-
oping dementia per year. This was because the prevalence of 
dementia was 15%, while that of MCI was 13%, according 
to a study that analyzed 104,785 subjects from 10 areas in 
Japan19). The transition probability from the well state to 
death was referenced from the Japanese simple life table in 
201931). The mean transition probabilities of those 65, 66, 
67, 68, 69, 70, 71, 72, 73, 74, and 75 years old were calcu-
lated as 0.73%, 0.81%, 0.89%, 0.98%, 1.09%, 1.19%, 
1.30%, 1.42%, 1.56%, 1.73%, and 1.92%, respectively.

Effectiveness
The utility values of subjects were used to indicate 

effectiveness in this study. The mean values of health- related 

quality of life scaled for predementia Alzheimer’s disease, 
MCI, or dementia with EuroQol-5 Dimension (EQ-5D)32) 
reported by Heßmann et al.27,33) were used for the effective-
ness and treated as QALY values (Table 1). The proxy-rated 
values, not self-rated values, were adapted to the model to 
maintain validity and take into account the caregivers’ pro-
ductivity loss27). The mean values for the QALY values per 
year for the states of well, MCI, mild severity of dementia, 
moderate severity of dementia, severe severity of dementia, 
and dead (with or without dementia) were 1.00, 0.75, 0.61, 
0.41, 0.21, and 0.00, respectively. The values could not be 
below 0.00 or higher than 1.00.

Costs
The cost of one hour for a physical therapist, 2798.5 

yen, was referenced from the basic statistical survey of wage 
structure in Japan in 202023). This was an average of the val-
ues for a temporary physical therapist’s hourly salary in 
organizations with 100–999 workers (4104 yen) and in orga-
nizations with 10–99 workers (1493 yen). The cost of a 
physical therapist for a session was calculated as (physical 
therapist’s salary paid per hour × working hours × numbers 
of physical therapists in a session) ÷ numbers of individuals. 
The physical therapists were set to contribute three hours 
each to a session. The working hours included not only con-
ducting exercise but also the preparation of and finishing up 
for the session.

The screening cost, 6000 yen, and an hourly cost of 
1000 yen for an instructor to support the program were set 
by the authors who conducted the program11,34). As a screen-
ing test, the Mini-Mental State Examination (MMSE)35), the 
 Alzheimer’s Disease Assessment Scale-Cognitive subscale 
(ADAS cog)36), and the Wechsler Memory Scale-Revised32) 
were set. The instructors were set to contribute three hours 
each to a  session.

The annual medical cost for treating dementia was cal-
culated based on a study that reported the monthly medical 
costs for treating dementia, depending on the care needs lev-
els26). The mean values of these, depending on the severity of 
dementia, were used for the models. The medical costs for 

B: Markov model for the intervention group (IG)A: Markov model for the non-intervention group (NIG)

Well Mild level of dementia

Middle level of dementia

Severe level of dementia

Dead with dementia

Dead without
developing dementia

Well
(intervened)

MCI
(intervened)

Mild level of dementia

Middle level of dementia

Severe level of dementia

Dead with dementia

Dead without
developing dementia

Fig. 1. Markov models

NIG, non-intervention group; IG, intervention group; MCI, mild cognitive impairment 
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dementia with care support levels 1 and 2 were referenced 
from the value of noncertified long-term care needs from a 
previous study26).

Analysis
The individual cohorts for the analysis were generated 

via simulation to calculate the base case of the ICER. The 
sample size of the cohorts for the simulation was set at 1000 
individuals, following a previous study15,38); the result was 
said to be unchanged by the sample size28). The individual 
cohorts were assumed to follow the parameters of the basic 
values shown in Table 1. The base case of the ICER was 
calculated by inputting the basic values for the model 
parameters and analyzing them using Markov cohort analy-
sis. The mean cumulative 10-year costs and QALYs were 
calculated based on a cohort analysis of 1000 individuals. 
These results were then used to calculate the base case of the 
ICER.

Next, a one-way sensitivity analysis was conducted to 
scale the size of the impact of the parameters on the base 
case and investigate the direction of them by changing the 
parameters within the ranges between the low values and the 
high values shown in Table 1. To avoid confusion when the 
ICER showed negative values, instead of reporting ICERs, 
INMB39) was reported to consider the effect of the uncer-
tainty of the parameters on the base case. If the values of the 
parameters increased with the increased values of the 
INMBs, the associations were considered to have improved; 
otherwise, they were considered to have worsened. The pro-
portion of the size of impact (%) was calculated to measure 
how much of the total uncertainty of the base case of the 
INMB was represented by the specified parameters by 
dividing the squared spread value by the total sum of each 
parameter’s squared spread value of INMBs.

Finally, a set of Monte Carlo probabilistic simulations 
for 1000 individuals and microsimulations with 1000 trials 
were conducted to check the robustness of the base case. 
The simulated results were plotted, and a 95% confidence 
ellipse and the willingness to pay (WTP) line were drawn; 
the plots on the WTP line were equal to 5,000,000 yen; 
therefore, the scatter plots and the area of the 95% confi-
dence ellipse under the WTP line were interpreted as cost- 
effective ICER values.

In conducting the sensitivity analyses, the parameters 
were estimated to follow the distribution shown in Table 1. 
The range of the discount rate was set as 0.00%–4.00%. The 

low value and the high value of transition probability from 
well to death were set as 0.73% and 1.92%, respectively.

Results

The base case of the ICER
Simulated trends of the numbers in each state among 

1000 individuals for 10 years in the NIG and the IG are 
shown in Fig. 2A and 2B, respectively. The Markov cohort 
model simulated with the passage of 10 years the numbers 
in each state in the NIG and the IG, respectively; after 10 
years, there were 690/849 in the state of well, 58/2 in the 
state of a mild level of dementia, 39/2 in the state of the 
middle level of dementia, 72/3 in the state of severe level 
of dementia, 37/4 in the state of dead with dementia, and 
104/114 in the state of dead without developing dementia. 
After 10 years, the number in the state of MCI was 26 in 
the IG.

The cumulative QALYs and costs for 10 years in the 
NIG/IG were 8.13 QALY/8.62 QALY, and 3,022,498 
yen/203,666 yen, respectively. As such, the incremental 
effectiveness, incremental costs, ICER (base case), and 
INMB were estimated as 0.49 QALY, –2,818,833 yen, 
–5,736,166 yen (US$–57400)/QALY, and 5,275,903 yen, 
respectively (Table 2).

One-way sensitivity analysis
The ICER showed negative values; therefore, the 

INMB was analyzed. The most impactive parameter on the 
base case of INMB was the transition probability from well 
to dementia (risk percentage of 97.44%); the direction of the 
impact was improved (Table 3). The second-highest param-
eter was the transition probability from well to MCI (0.97%); 
the direction of the impact was worsened. The least impac-
tive parameters on the base case ranked from 21 to 29 were 
the costs of the preventive programs (Table 3).

Probabilistic sensitivity analysis
Figure 3 shows the scatter plots and the 95% confi-

dence ellipse from the results of the Monte Carlo probabilis-
tic simulation for 1000 individuals and microsimulation 
with 1000 trials. No plots (0%) were located in the upper 
area of the WTP line; a large area of the 95% confidence 
ellipse was under the WTP line. The mean (95% confidence 
interval) of the simulated ICER was –6,874,807 (–14,075,713 
and –3,729,394) yen/QALY.

Table 2. Base case values simulated by 10 years Markov cohort analysis

Cumulative
effectiveness

(QALY)

Incremental
effectiveness

(QALY)

Cumulative
cost (yen)

Incremental
cost (yen)

ICER
(yen/QALY)

INMB
(yen/10 years)

Non-intervention model 8.13 3,022,498

Intervention model 8.62 0.49 203,666 –2,818,833 –5,736,166 5,275,903

QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; INMB, incremental net monetary benefit
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Discussion

This study attempted to estimate the cost-effectiveness 
of combined physical and cognitive programs designed to 
prevent community-dwelling healthy young-old adults from 
developing dementia using a Markov cohort modeling sim-
ulation.

The Markov cohort modeling revealed that the base 
case of the ICER for 10 years was less than 5,000,000 yen/
QALY, and furthermore, the value was negative. This sup-
ports the idea that introducing prevention programs might 
have much better cost-effectiveness than that of noninter-
vention from a public healthcare and long-term care payer’s 
perspective. Furthermore, the INMB showed a positive 
value of 5,275,903 yen; this indicates that the prevention 
program was also cost-effective from a restricted societal 
perspective.

A previous study revealed that dementia prevention 
intervention was cost-effective over a short period40), whereas 
our study suggested that the program might be cost-effective 
over longer periods.

Although our study showed good cost-effectiveness, a 
previous study41) that investigated the cost-effectiveness of 
an exercise program for older adults who had already devel-
oped mild to moderate dementia reported that the program 
was not cost-effective. Two reasons might be considered for 
this. First, adults who develop dementia lose their chance to 
recover to a healthy state, while adults with MCI still have 
a chance to revert to a healthy state. Therefore, older adults 
who receive a preventive exercise program have a better 
chance of improving their health and saving expenses for 
their future healthcare and long-term care. Our study results 
(Fig. 2) showed a trend of the numbers in the well state in 
the IG, demonstrating a lower negative slope than that of 
the NIG. Moreover, the trends in the number of states 

concerning dementia showed horizontal slopes in compari-
son with the NIG, which had positive slopes. As such, the 
preventive exercise program for older adults in healthy and 
MCI states might result in more health-related utility gain 
and a reduction in expenses concerning the development of 
dementia than nonintervention. In other words, the sug-
gested introduction of preventive programs to young-old 
adults in a healthy state or MCI state might not only be 
effective7), but also economically beneficial for the health 
system and in the long term for Japan. Second, an interven-
tion program for adults with dementia might cost more than 
a preventive program. Therefore, the program for adults 
with dementia would need to provide an individually tai-
lored frequent exercise program, with 20–30 minutes of 
exercise at least five times per week42); our proposed pro-
gram could be provided collectively and less frequently, at 
most once per week. As our results indicate, the costs for 
the preventive programs showed the lowest impact, 0% of 
the size of the impacts on the INMB (Table 3). Hence, our 
study supported the idea that collective exercise for demen-
tia prevention programs represented a lower cost43,44) than 
individual exercise programs for adults with dementia41).

According to the results of the one-way sensitivity 
analysis, there was no parameter range indicating the effect 
of ICER values exceeding 5,000,000 yen/QALY. Further-
more, the probabilistic sensitivity analysis showed that no 
simulated values (0%) were over 5,000,000 yen/QALY; cer-
tainly, the mean value and the range were not over 5,000,000 
yen/QALY. Combined, the sensitivity analysis suggested 
that the base case had high robustness.

To consider the most cost-effective way to deliver a 
preventive program to the community, interpreting the 
results of the one-way sensitivity analysis might be useful. 
First, the transition probability from well to dementia is 
worth paying attention to because of its notable impact on 

Fig. 2. Ten years simulated trends of the number of states among 1000 individuals

NIG, non-intervention group; IG, intervention group 
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Table 3. Results of one-sensitivity analysis

Parameters
Unit of 
parame-

ters

Low value 
of para-
meters

High 
value of 
parame-

ters

Incremental 
cost, yen  

(Low 
value)

Incremental 
cost, yen 

(High value)

Incremental 
effectiveness, 

QALY  
(Low value)

Incremental 
effectiveness, 

QALY  
(High value)

Direction  
of impact 
on INMB

INMB, yen  
(Low 
value)

INMB, yen  
(High 
value)

Spread Size of 
impact Rank

Transition probability 
from well to dementia

%/year 1.44 14.91 −1,857,147 −15,097,902 0.33 2.53 Improved 3,508,401 27,725,220 24,216,819 97.44% 1

Transition probability 
from well to MCI

%/year 1.25 9.32 −2,850,307 −2,480,181 0.53 0.12 Worsened 5,482,745 3,070,710 2,412,034  0.97% 2

Utility of mild severity 
of dementia

QALY/
year

0.00 1.00 −2,818,833 −2,818,833 0.68 0.37 Worsened 6,204,850 4,681,985 1,522,865  0.39% 3

Utility of severe severity 
of dementia

QALY/
year

0.00 0.74 −2,818,833 −2,818,833 0.56 0.31 Worsened 5,633,536 4,375,007 1,258,529  0.26% 4

Discount rate %/year 0.00 4.00 −3,169,289 −2,518,118 0.55 0.44 Worsened 5,936,051 4,710,194 1,225,857  0.25% 5

Probability to be severe 
level of dementia

% 29.92 44.88 −3,086,784 −2,548,013 0.44 0.54 Improved 4,737,488 5,808,704 1,071,216  0.19% 6

Utility of moderate 
severity of dementia

QALY/
year

0.00 1.00 −2,818,833 −2,818,833 0.57 0.37 Worsened 5,682,240 4,691,174 991,066  0.16% 7

Utility of MCI QALY/
year

0.16 1.00 −2,818,833 −2,818,833 0.39 0.57 Improved 4,786,017 5,649,672 863,655  0.12% 8

Probability to be mild 
level of dementia

% 30.80 46.20 −2,954,314 −2,681,953 0.46 0.52 Improved 4,988,577 5,560,434 571,857  0.05% 9

Probability to be middle 
level of dementia

% 19.28 28.92 −2,676,455 −2,960,412 0.46 0.52 Improved 5,001,310 5,549,048 547,738  0.05% 10

Cost for stay in  
community-based 
facility for dementia

yen/year 2,759,040 4,138,560 −2,583,898 −3,053,767 0.49 0.49 Improved 5,040,968 5,510,837 469,869  0.04% 11

Transition probability 
from well to die

%/year 0.73 1.92 −2,917,401 −2,538,425 0.49 0.48 Worsened 5,375,925 4,931,448 444,477  0.03% 12

Transition probability of 
reversing from MCI 
to well

%/year 20.90 57.00 −2,793,731 −2,838,896 0.46 0.52 Improved 5,083,098 5,416,020 332,922  0.02% 13

Effect of combined 
physical and cognitive 
exercises to prevent 
the progression of 
MCI

rate/year 0.55 0.76 −2,833,451 −2,803,828 0.51 0.47 Worsened 5,371,929 5,177,414 194,515  0.01% 14

Transition probability 
from MCI to dementia

%/year 1.14 5.90 −2,885,101 −2,773,405 0.50 0.49 Worsened 5,386,981 5,199,350 187,631  0.01% 15
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Parameters
Unit of 
parame-

ters

Low value 
of para-
meters

High 
value of 
parame-

ters

Incremental 
cost, yen  

(Low 
value)

Incremental 
cost, yen 

(High value)

Incremental 
effectiveness, 

QALY  
(Low value)

Incremental 
effectiveness, 

QALY  
(High value)

Direction  
of impact 
on INMB

INMB, yen  
(Low 
value)

INMB, yen  
(High 
value)

Spread Size of 
impact Rank

Cost for day service for 
dementia

yen/year 1,224,000 1,836,000 −2,727,113 −2,910,552 0.49 0.49 Improved 5,184,183 5,367,622 183,439  0.01% 16

Cost for short stay use 
for dementia

yen/year 1,052,160 1,578,240 −2,739,990 −2,897,675 0.49 0.49 Improved 5,197,060 5,354,746 157,686  0.00% 17

Cost for preventive day 
service for dementia

yen/year 491,520 737,280 −2,793,882 −2,843,783 0.49 0.49 Improved 5,250,952 5,300,853 49,901  0.00% 18

Cost for preventive short 
stay use for dementia

yen/year 377,280 565,920 −2,799,681 −2,837,984 0.49 0.49 Improved 5,256,751 5,295,054 38,303  0.00% 19

Effect of combined 
physical and cognitive 
exercises to prevent 
the development of 
dementia

rate/year 0.76 0.97 −2,829,313 −2,807,434 0.49 0.49 Worsened 5,293,468 5,256,792 36,675  0.00% 20

Cost for screening for 
cognitive impairment

yen 4,800 7,200 −2,829,254 −2,808,411 0.49 0.49 Worsened 5,286,324 5,265,481 20,842  0.00% 21

Cost for maintaining the 
program

yen/year 4,800 7,200 −2,828,077 −2,809,588 0.49 0.49 Worsened 5,285,147 5,266,658 18,489  0.00% 22

Number of individuals in 
a session

n/ 
session

12 18 −2,814,810 −2,821,231 0.49 0.49 Improved 5,271,880 5,278,301 6,421  0.00% 23

Number of physical 
therapists (PTs) for a 
session

n/ 
session

 1  3 −2,820,871 −2,816,794 0.49 0.49 Worsened 5,277,941 5,273,864 4,076  0.00% 24

Cost of a physical  
therapist for a session

yen/ 
session

6,716 10,075 −2,819,648 −2,818,017 0.49 0.49 Worsened 5,276,718 5,275,087 1,631  0.00% 25

Cost for a public space 
to conduct the session

yen/ 
session

720 1,080 −2,819,488 −2,818,177 0.49 0.49 Worsened 5,276,558 5,275,247 1,311  0.00% 26

Cost for instructors for a 
session

yen/ 
session

2,400 3,600 −2,818,833 −2,818,833 0.49 0.49 Improved 5,275,903 5,275,903 0  0.00% 27

Number of instructors 
for a session

instruc-
tors/

session

 4  6 −2,818,833 −2,818,833 0.49 0.49 Improved 5,275,903 5,275,903 0  0.00% 28

Numbers of sessions 
held in a year

sessions/
year

32 48 −2,818,833 −2,818,833 0.49 0.49 Improved 5,275,903 5,275,903 0  0.00% 29

PTs, physical therapists; MCI, mild cognitive impairment; QALY, quality-adjusted life years; INMB, incremental net monetary benefit

Table 3. (Continued)
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INMB. The results indicate that a higher transition probabil-
ity from well to dementia improved INMB. This suggests 
that early effective screening to find community-dwelling 
young-old adults who might have a high risk of developing 
dementia might contribute to the impactive improvement of 
the cost-effectiveness of the preventive exercise program. 
Second, the transition probability from well to MCI might 
be worth paying attention to because the results indicate that 
a higher transition probability from well to MCI worsened 
INMB. Thus far, there has been little evidence that older 
adults can be prevented from developing dementia without 
diet changes, exercise, and cognitive stimulation8). Hence, 
our study suggested that early intervention, including exer-
cise programs, such as the combined physical and cognitive 
exercises programs designed for preventing dementia in 
community-dwelling healthy young-old adults before they 
progress to the MCI state, might increase the cost- 
effectiveness in the community from a public healthcare and 
long-term care perspective.

Limitations
This study has three main limitations. First, we classi-

fied the severity of dementia into care needs levels of long-
term care with specialist opinion. Since the classification 
system has been revised, it was not possible to make a sim-
ple comparison between a previous study16) and our study; 
however, our classification had the possibility of overesti-
mating the cost of long-term care services. The one-way 
sensitivity analysis confirmed that when the costs related to 
long-term care services decreased, the INMB value became 
small, which meant that the cost-effectiveness worsened. 
However, even if the cost for a stay in a community-based 
facility for dementia service, which was the most expensive 
and had the largest impact on INMB value among long-term 

care services, decreased in the range of 20%, the INMB 
value was still 5,040,968 yen, and the impact was as small as 
0.04% (Table 3). Our conclusion therefore might not be sig-
nificantly changed. Further research is needed to clarify this.

Second, proxy-rated utility instead of self-rated utility 
was used to define the effectiveness values. The self-rated 
values among people with dementia were reported to be 
higher than the proxy-rated values27). According to our one-
way sensitivity analysis, parameters related to utilities of the 
state of dementia induced a worsening impact on INMB, 
which indicate that the cost-effectiveness of the preventive 
program might be worsened. However, we found that the 
size of the impact was small, ranging from 0.16% to 0.39%; 
hence, our conclusion might not be changed even if the self-
rated utility was used in the model.

Finally, this study used the data from Japan as a priority 
and was conducted with assumptions about the background 
of Japanese healthcare and the long-term care system. Other 
international perspectives might be necessary to adapt our 
results to other countries.

Conclusion

The present results indicate that the combined physical 
and cognitive programs designed to prevent  community- 
dwelling healthy young-old adults from developing demen-
tia might have good cost-effectiveness with high robustness.
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Fig. 3.  Scatter plots and 95% confidence eclipse from the results of the Monte Carlo probabilistic simulation for 1000 individuals 
and microsimulation with 1000 trials

QALY, quality adjusted life years; WTP, willingness to pay 
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Relationship between Muscle Flexibility and Characteristics 
of Muscle Contraction in Healthy Women during Different 
Menstrual Phases
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ABSTRACT. Objective: Skeletal muscle function is vital for preventing injury during exercise. It has been 
reported that skeletal muscle function fluctuates with the menstrual cycle and is considered one of the causes 
of injury. This study aimed to clarify the relationship between muscle flexibility and muscle contraction char-
acteristics and their changes with the menstrual cycle. Methods: The subjects were healthy women who vol-
untarily participated in the study through recruitment posters. Muscle flexibility was measured with the 
passive knee extension (PKE) test, isokinetic knee flexor strength, and the maximum muscle strength exertion 
angle under two conditions of 60°/s and 120°/s in dominant hamstrings. Additionally, their correlations were 
analyzed and compared between the menstrual and ovulatory phases. Results: Sixteen subjects (mean age: 
20.56 ± 0.73 years; body mass index: 20.21 ± 1.60) participated in the study. Correlation analysis showed a 
significant negative correlation between PKE and the maximum muscle strength exertion angle under the 
condition of 60°/s during the menstrual phase (r = –0.54; p = 0.03). No significant difference was observed in 
the two-group comparison of the variables measured during the menstrual and ovulatory phases. Conclusion: 
This study confirmed that the more flexible muscles generate the maximum strength at a more contracted 
position during the menstrual phase in women. In the future, it is necessary to examine the relationship 
between the results of this study and exercise performance and injury occurrence.
Key words: Muscle flexibility, Passive knee extension test, Muscle strength, Menstrual cycle

(Phys Ther Res 25: 68–74, 2022)

Skeletal muscle function and exercise performance in 
women are affected by the menstrual cycle. Anaerobic exer-
cise performance may be reduced in the early follicular and 
late luteal phases than other phases of the menstrual cycles1). 
Conversely, one study suggests that while exercise perfor-
mance may be reduced in the early follicular phase, the 
overall effect is inconsequential2). However, injury occur-
rence, in terms of the incidence of anterior cruciate liga-
ment (ACL) injuries, was reportedly higher in the 
preovulatory3–5) and ovulatory phases3–6). Additionally, muscle 
and tendon injuries are more common in the late follicular 

phase than in the early follicular or luteal phase. A cause of 
the changes in exercise performance and injury occurrence 
between menstrual cycles is attributed to the assumption 
that the skeletal muscle function varies during the menstrual 
cycle1,7,8).

Skeletal muscle is a crucial component of the motor 
system, and muscle flexibility and strength are essential for 
injury prevention9–11). Previous studies suggest that muscle 
flexibility does not affect the maximal muscle strength but 
affects the maximal muscle strength exertion angle, one of 
the risk factors for muscle injury12,13). However, these stud-
ies12,13) were conducted without separating men and women. 
It has been suggested that female’s motor function can be 
affected by fluctuations in female hormones associated with 
the menstrual cycle1,2), and it is necessary to evaluate muscle 
function separately for each gender.

In other words, changes in skeletal muscle function 
during the menstrual cycle have been shown to affect female’s 
exercise performance and injury occurrence. However, the 
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Relationship between PKE and Muscle Contraction

relationship between muscle flexibility and muscle strength 
in women and how the menstrual cycle affects muscle flexi-
bility and strength are not clear. While a previous study on 
muscle flexibility14) reported that muscle flexibility is higher 
during ovulation than during menstruation. In contrast, 
another study said that muscle flexibility is not affected by 
the menstrual cycle or changes in female hormones15). 
Regarding muscle strength, it has been reported that the max-
imum hamstring muscle strength in the late luteal phase was 
significantly greater than that in the menstrual phase16). How-
ever, there are also reports that hamstring and quadriceps 
muscle strength did not differ between menstrual cycles17,18).

Nevertheless, there is no consensus on the effects of the 
menstrual cycle and female hormones on skeletal muscle 
function. Only a few studies have reported on the relationship 
between muscle flexibility and muscle contractile properties, 
such as the maximal muscle strength and the angle of maxi-
mal muscle exertion in females. In this regard, we conducted 
this novel study to investigate the correlation between muscle 
flexibility and the maximum muscle strength and the angle of 
maximum muscle exertion in women. We also investigated 
whether muscle flexibility and contraction characteristics 
alter with the menstrual cycle, and if so, then how. We hypoth-
esized that higher muscle flexibility would result in a smaller 
angle of maximum muscle exertion but that there would be no 
correlation with the maximum muscle strength. We also 
hypothesized that the menstrual cycle would produce signifi-
cant differences in muscle flexibility and the maximal muscle 
strength. For this study, the “maximal muscle strength” and 
“joint angle at which the maximal muscle strength was 
exerted” (hereafter, maximal muscle strength exertion angle) 
were defined as the “muscle contraction characteristics.”

Methods

Study design and participant eligibility
This was a repeated-measures design study conducted 

between September 2019 and August 2020. The inclusion 
criteria included (1) regular menstrual cycle; (2) no associ-
ated menstrual symptoms or gynecological diseases that 
would affect daily life; (3) no pregnancy; (4) no history of 
neurological diseases, acute trauma, pain at the measure-
ment site, or previous knee joint injury on the measurement 
side; and (5) no intake of hormones or oral contraceptives in 
the past 6 months. All participants provided written informed 
consent for participation in this study. The experiment was 
conducted with three or more people in the same room to 
care for the subject during the measurement. This study was 
approved by the Research Ethics Committee of Tokyo Met-
ropolitan University Arakawa Campus (Approval No. 19043).

Muscle flexibility (Fig. 1)
The flexibility of the hamstrings in the dominant leg 

was evaluated using the passive knee extension (PKE) test19). 
The dominant leg was defined as the leg to kick a ball 

maximally. The subject was placed in a supine position, the 
hip and knee joints on the measurement side were in 90° 
flexion, and the knee joint was extended altruistically until 
the angle at which resistance was first felt or the lumbar 
spine was no longer parallel to the bed. The angle between 
the extension from the femur and the lower leg was mea-
sured (Fig. 1). Thus, the smaller the angle, the greater the 
flexibility of the hamstrings. The measurements were taken 
twice, and the average value was adopted. The measure-
ments were taken using an electronic angle meter (Ito 
easyangle; Ito Co., Saitama, Japan).

Feature of muscle contraction
The dominant knee flexor strength was evaluated by 

calculating the torque-to-body weight ratios (Nm/kg). Addi-
tionally, the angle at which peak torque was obtained was 
measured as the maximal muscle strength exertion angle. 
These variables were assessed using Cybex NORM (Medica 
Inc., Osaka, Japan). For the measurement, the trunk was 
fixed to the seat with a belt, the upper limbs were gripped, 
the hip joint was set at 80° of flexion, and the range of 
motion (ROM) of the knee joint was set from 10° to 90° 
of flexion. The axis of motion was aligned with the height of 
the tibiofemoral joint, and the subjects were instructed to 
dorsiflex the ankle joint. Before the measurement, the sub-
jects were made to pedal a bicycle ergometer (5 W, 5 min, 50 
rpm) as a warm-up, followed promptly by muscle strength 
measurement. For muscle strength measurement, the sub-
jects performed isokinetic knee joint flexion at 60°/s and 
120°/s, and the maximum muscle strength and maximum 

Fig. 1. The PKE test 

The subject was positioned supine with the hip and knee joints on 
the measurement side in 90° flexion. The measurer extended the 
subject’s knee joint altruistically until resistance was felt or the 
lumbar spine was no longer parallel to the bed. The angle between 
the extension from the femur and the lower leg was measured.

PKE, passive knee extension
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muscle strength exertion angle were measured. The mea-
surements were performed twice in each condition, and the 
average value was used for analysis.

Joint hypermobility
It has been suggested that ligament laxity fluctuates 

with the menstrual cycle20), and joint hypermobility was 
assessed because it may affect the results of muscle flexibil-
ity tests. In this study, the joint hypermobility was assessed 
using the Beighton hypermobility score (BHS), which eval-
uates joint hypermobility in nine areas, including both knee 
joints, both elbow joints, both mother fingers, both little fin-
gers, and the spinal column. We defined the subject with a 
score of ≥4 as positive following a previous study21).

All the aforementioned measurements were performed 
by a single physical therapist, with information about the 
subject’s menstrual phase withheld.

The measure of the menstrual cycle
The subjects were asked to undergo basal body tem-

perature measurement, and their menstrual cycles were 
monitored 1–2 months before the measurement. Those 
whose menstrual cycle was between 25 and 36 days were 
considered to have a regular menstrual cycle, and those who 
did not fall into this category were excluded from the mea-
surement. In a previous study22), it has been recommended 
that the menstrual cycle be validated retrospectively when 
using the basal body temperature method. In another study23) 
investigating changes in exercise performance with the men-
strual cycle, the basal body temperature method was used to 
assess the subject’s menstrual cycle. Therefore, in this study, 
we confirmed the validity of the menstrual cycle by retro-
spectively checking the basal body temperature of the par-
ticipants after all measurements were completed.

Measurement phase
The measurements were taken during two phases: the 

menstrual phase (within 3 days of the start of menstruation) 
and the ovulatory phase (the last 2–3 days before the low- 
temperature phase and the 1st–2nd day of the high-temperature 
phase). The reasons for selecting these phases were as fol-
lows: (1) both phases are easy to recognize; (2) the secretion 
of estrogen and progesterone is low during the menstrual 
phase, indicating little influence of female hormones; and (3) 
there are reports that muscle strength is higher during the ovu-
latory phase than that during other menstrual phases24) and 
hamstring flexibility is higher17). The subjects were asked to 
refrain from strenuous exercise that they do not usually do for 
several days before the measurement and were asked not to 
do any exercise that might affect muscle strength or flexibil-
ity, such as stretching, before the measurement.

Statistical analysis
The Shapiro–Wilk’s normality test was performed for 

each measurement item’s basic attribute. To evaluate the 

relationship between muscle flexibility and muscle contrac-
tion characteristics, Pearson’s correlation coefficient or 
Spearman’s rank correlation coefficient was performed for 
PKE value, the maximum knee flexor strength, and the max-
imal muscle strength exertion angle. Additionally, to evalu-
ate the difference in the maximal maximum knee flexor 
strength and muscle flexibility according to the menstrual 
phase, a paired t-test or the Wilcoxon’s signed-rank test was 
performed on the maximum knee flexor strength, PKE 
value, and BHS during the menstrual and ovulatory phases. 
The significance level was set at 5%, and the statistical anal-
ysis was performed using Statistical Package for the Social 
Sciences version 26 (IBM Corp., Armonk, NY, USA).

Results

Participants’ basic characteristics
Eighteen female university students participated in the 

study, and two were excluded because of irregular menstru-
ation confirmed using basal body temperature. Therefore, 
16 participants (mean age, 20.56 ± 0.73 years; height, 
161.31 ± 4.79 cm; and weight, 52.75 ± 3.53 kg) were 
included in the final study. The characteristics of the partic-
ipants are listed in Table 1.

The comparison between the menstrual phases
The comparison between menstrual and ovulatory 

phases in terms of maximum knee flexor strength, PKE val-
ues, and the BHS showed no significant difference (Table 2).

The relationship between muscle flexibility and feature of 
muscle contraction (Table 3)

1) Muscle flexibility and maximal strength exertion angle
 A significant negative correlation was observed between 

PKE value and the maximal muscle strength exertion 
angle under the condition of 60°/s during menstruation 
(r = −0.54; p = 0.03), and no significant correlation was 
observed in other conditions (Table 3).

2) Muscle flexibility and maximum knee flexor strength
 No significant correlation was observed in all conditions 

(Table 3).

A previous study14) reported that the effect size (Cohen’s 
d) for significant differences in ROM between menstrual 
cycles was 0.89. Thus, referring to the study14), we calculated 
power (1 – β) with d set at 0.89, an alpha level at 0.05, and a 

Table 1. Participants’ basic characteristics (n = 16)

Variable Mean ± SD

Age (year)  20.56 ± 0.73

Height (cm) 161.31 ± 4.79

Weight (kg)  52.75 ± 3.53

Measured leg (Rt/Lt) 15/1

SD, standard deviation; Rt, right; Lt, left
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sample size at 16. We also used G*Power (version 3.1.9.6 
for macOS; Heine-Universität, Düsseldorf, Germany) to 
determine the power (1 – β ).

Discussion

We investigated the correlation between muscle flexi-
bility and muscle contraction characteristics in the young 
female hamstring. We also investigated whether there were 
significant differences in muscle flexibility and the maximal 
muscle strength between the menstrual and ovulatory phases 
of the menstrual cycle. We hypothesized that muscle flexi-
bility is not correlated with the maximal muscle strength and 
is negatively correlated with the maximal muscle strength 
exertion angle. We also proposed that muscle flexibility and 
the maximal muscle strength will be higher during the ovu-
latory phase than during the menstrual phase. Based on our 
experiments, we found that a positive correlation existed 
only between muscle flexibility and the maximum muscle 
strength angle during the menstrual phase. Furthermore, 
there were no significant differences in muscle flexibility 
and the maximal muscle strength between the menstrual and 
ovulatory phases.

In this study, there was no significant difference 
between menstrual and ovulatory phases in terms of the 

maximum knee flexor strength, PKE values, and the BHS. 
Similar to this study, there have been reports of no signifi-
cant differences in the maximal muscle strength between the 
menstrual and ovulatory phases25,26). Factors that have been 
reported to affect muscle strength include muscle activity27), 
the relationship between muscle length and tension28), and 
stiffness29). Estrogen, one of the female hormones secreted 
during ovulation, can decrease stiffness and reduce muscle 
strength8,30). On the other hand, it has been reported that 
estrogen can directly affect contractile properties, such as 
cross-bridging in muscle cells29,31,32). Estrogen is also thought 
to have a neuroexcitatory effect, which has been reported to 
reduce inhibition and increase spontaneous activation33). The 
neuroexcitatory effect results in improved muscle contractil-
ity8). Based on these findings, we hypothesize that there was 
no significant difference in the maximal muscle strength 
between the menstrual and ovulatory phases due to the 
opposing phenomenon of estrogen suppressing muscle 
weakness.

The female gonadocorticoid, estrogen, affects soft tis-
sue collagen concentration, which is significantly higher in 
tendons than in the muscle tissue, and may be attributed to 
greater muscle flexibility in females34). Thus, estrogen is 
assumed to affect tendons more than muscles. PKE is used 
to evaluate muscle tightness, flexibility, or stiffness19). 

Table 2.  Results of passive knee extension, the maximum muscle strength exertion 
angle, knee flexor strength, and BHS by menstrual phases

Menstrual cycle phases
p-value

MP OP

PKE value (°)  32 ± 13α 32 ± 12α 0.99

MMSEA (°) 60°/s 53.53 ± 8.00α 48.88 ± 10.39α –

120°/s 51.16 ± 12.15α 46.00 (42.76–49.91)β –

KFS (Nm/kg) 60°/s 1.02 ± 0.16α 1.04 ± 0.18α 0.60

120°/s 0.96 (0.75–0.98)β 0.89 (0.75–0.99)β 0.61

BHS 2.26 (2.00–3.25)β 2.00 (1.75–3.00)β 0.31

αMean ± SD, βMedian (IQR)

PKE, passive knee extension; MMSEA, maximum muscle strength exertion angle; KFS, 
knee flexor strength; BHS, Beighton hypermobility score; MP, menstrual phase; OP, ovu-
latory phase; SD, standard deviation; IQR, interquartile range

Table 3.  Relationship between muscle flexibility and feature of muscle 
contraction

MMSEA (°) KFS (Nm/kg)

r p-value r p-value

PKE value MP 60°/s –0.54 0.03  0.28 0.28

120°/s  0.21 0.44  0.32 0.23

OP 60°/s –0.09 0.75 –0.14 0.66

120°/s –0.06 0.81  0.10 0.72

PKE, passive knee extension; MP, menstrual phase; OP, ovulatory phase; 
MMSEA, maximum muscle strength exertion angle; KFS, knee flexor 
strength
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Accordingly, the PKE (which assesses muscle flexibility) is 
unlikely to be affected by estrogen levels. Thus, as hypothe-
sized, estrogen secretion during ovulation has little effect on 
muscle flexibility, and there was no statistically significant 
difference in PKE between the menstrual and ovulatory 
phases.

Similarly, there was no significant change in joint lax-
ity between menstrual cycles in previous studies35–37). 
Another study reported that the change in BHS scores 
between the menstrual and ovulatory phases was rather 
small38). However, since the BHS is a criterion score rather 
than a continuous variable, significant changes are only vis-
ible if the baseline ROM is near the criterion value38). In this 
study, we obtained comparable results regarding joint laxity, 
which did not change significantly between menstrual 
cycles, probably due to the characteristics of the measure-
ment method.

While there were no significant differences in the max-
imal muscle strength, PKE, and BHS between menstrual 
and ovulatory cycles in this study, some studies have shown 
significant differences in muscle strength, muscle flexibility, 
and joint laxity between menstrual cycles7,14,16,25,38,39). There-
fore, we believe that further studies are needed.

A small PKE value means flexible muscle. Therefore, in 
this study, there was a significant positive correlation between 
muscle flexibility and the maximal muscle strength exertion 
angle under the condition of 60°/s during menstruation. It has 
been reported that muscle flexibility is negatively correlated 
with muscle stiffness, which is essential for strength produc-
tion in early muscle contraction40–42). Therefore, we believe 
that the muscle with higher flexibility, which is thought to 
have lower muscle stiffness, showed more maximum muscle 
strength in the contracted position. Additionally, this study 
results were different from those of previous reports12,13), 
which showed that the maximal muscle strength exertion 
angle was smaller with higher flexibility. The cutoff value of 
PKE was 19.243), but the mean PKE value of the subjects in 
this study was 32.0° in both menstrual and ovulatory phases. 
However, previous reports showed that the hamstring flexibil-
ity of the subjects was higher than that of our subjects. In 
addition, both studies were tested using two-group compari-
son rather than correlation analysis. We suppose that the dif-
ferences in the hamstring flexibility of the subjects and the 
statistical methods led to the different results.

No significant correlation was observed between mus-
cle flexibility and the maximal muscle strength in both men-
strual and ovulatory phases. This result was similar to that of 
previous reports12,13). In Agopyan’s44) study on hamstrings of 
female dancers, there was no relationship between muscle 
flexibility and the maximal muscle strength. Wan et al.13) 
stated that while muscle flexibility contributes to preventing 
muscle damage during transverse stretching, muscle strength 
increases muscle stiffness and contributes to the prevention 
of muscle damage during centrifugal contraction. This sug-
gests that muscle flexibility and the maximal muscle strength 

are independent skeletal muscle functions that need to be 
assessed and intervened individually in physical therapy and 
training situations.

It has been shown that the occurrence of musculoskele-
tal injuries differs according to the menstrual cycle3–6,45,46). 
Furthermore, it has been reported that the risk of ACL injury 
in women changes with the menstrual cycle18,47,48). Addition-
ally, musculoskeletal injuries, such as ACL injuries and ham-
string injuries, have been reported, regardless of the level of 
competition49,50). To conclude, we found that there were no 
significant differences in muscle flexibility and the maxi-
mum muscle strength between the menstrual and ovulatory 
phases in females. However, the correlation between muscle 
flexibility and the maximum muscle strength angle showed 
different results between the menstrual and ovulatory phases. 
This result indicates that the muscle contraction characteris-
tics in women vary depending on the menstrual cycle, which 
suggests the need for considering the effects of the menstrual 
cycle when assessing exercise function from the perspective 
of injury prevention and exercise performance.

Limitations
There are several limitations to this study. First, selec-

tion bias may exist in this study because we recruited stu-
dents from a specific university. For that reason, we should 
be careful about generalizing the result. Second, sex hor-
mones were not measured at each measurement phase. 
Therefore, it is not possible to examine whether hormones 
affect skeletal muscle function. However, because the mea-
surements were taken during the menstrual cycle as deter-
mined by the basal body temperature method, which is easy 
to utilize, the study is highly versatile and has clinical signif-
icance. Finally, we did not investigate the relationship 
between muscle function and the incidence of injury. The 
results suggest that there may be changes in skeletal muscle 
function between menstrual cycles. The study results may 
provide a basis for explaining the differences in injury that 
occur between menstrual cycles.

Conclusion

This study investigated the relationship between muscle 
flexibility and muscle contraction characteristics in the gen-
eral female population and the effect of the menstrual cycle 
on these characteristics. The study results revealed that there 
is a positive correlation between muscle flexibility and the 
maximal muscle exertion angle during menstruation. The 
results suggest that skeletal muscle function in women may 
be affected by the menstrual cycle, in terms of not only mus-
cle strength and flexibility but also the exertion angle.
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23) Šimić N, Ravlić A: Changes in basal body temperature and sim-

ple reaction times during the menstrual cycle. Arh Hig Rada 

Toksikol. 2013; 64: 99–106.

24) Sarwar R, Niclos BB, et al.: Changes in muscle strength, relax-

ation rate and fatiguability during the human menstrual cycle. J 

Physiol. 1996; 493: 267–272.

25) Miyazaki M, Maeda S: Changes in hamstring flexibility and 

muscle strength during the menstrual cycle in healthy young fe-

males. J Phys Ther Sci. 2022; 34: 92–98.

26) Fridén C, Hirschberg AL, et al.: Muscle strength and endurance 

do not significantly vary across 3 phases of the menstrual cycle 

in moderately active premenopausal women. Clin J Sport Med. 

2003; 13: 238–241.

27) Fowles JR, Sale DG, et al.: Reduced strength after passive stretch 

of the human plantarflexors. J Appl Physiol. 2000; 89: 1179–1188.

28) Avela J, Kyröläinen H, et al.: Altered reflex sensitivity after re-

peated and prolonged passive muscle stretching. J Appl Physiol. 

1999; 86: 1283–1291.

29) Ryan ED, Beck TW, et al.: Do practical durations of stretching 

alter muscle strength? a dose-response study. Med Sci Sports Ex-

erc. 2008; 40: 1529–1537.

30) Bell DR, Blackburn JT, et al.: Estrogen and muscle stiffness have 

a negative relationship in females. Knee Surg Sports Traumatol 

Arthrosc. 2012; 20: 361–367.

31) Wattanapermpool J, Reiser PJ: Differential effects of ovariecto-

my on calcium activation of cardiac and soleus myofilaments. 

Am J Physiol. 1999; 277: H467–H473.

32) Lowe DA, Baltgalvis KA, et al.: Mechanisms behind estrogen’s 

beneficial effect on muscle strength in females. Exerc Sport Sci 

Rev. 2010; 38: 61–67.

33) Ansdell P, Brownstein CG, et al.: Menstrual cycle-associated 

modulations in neuromuscular function and fatigability of the 

knee extensors in eumenorrheic women. J Appl Physiol. 2019; 

126: 1701–1712.
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Effect of Ward-dedicated Physical Therapy Staffing on 
Outcomes among General Medical Patients in an Acute 
Hospital: A Difference-in-difference Analysis

Kosho Ohta, PT1, Kazuaki Uda, PT, MPH, PhD2,3, Asumu Fujii, PT1, Shingo Muranaga, PT, PhD1,  
So Nakaji, MD4 and Koichi Miyakoshi, MD1 

1)Department of Rehabilitation Medicine, Kameda Medical Center, Japan
2)Clinical Research Support Division, Kameda Institute for Health Science, Kameda University of Health Sciences, Japan
3)Department of Health Services Research, Faculty of Medicine, University of Tsukuba, Japan
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ABSTRACT. Objective: The study aimed to examine the effect of dedicated physical therapy (PT) staffing on 
the outcomes of patients admitted to a general medical ward with acute cholangitis. Methods: This retrospec-
tive observational study was conducted in an 865-bed tertiary-care hospital in Japan. Patients with acute 
cholangitis between September 2015 and August 2017 were enrolled. Patients admitted to a ward with dedi-
cated PT staffing were included in the dedicated group, while those admitted to a ward without dedicated PT 
staffing were included in the non-dedicated group. Each group was further divided into pre-dedicated and 
post-dedicated period based on September 1, 2016, at which PT staffing was implemented. The primary 
outcome was absolute functional gain (AFG), which was defined as the difference between Barthel index at 
discharge and that at admission. A difference-in-difference analysis was conducted to examine the changes in 
AFG associated with ward-dedicated PT staffing. Results: We identified 456 patients with acute cholangitis. 
Complete case analysis was applied, resulting in 252 patients in the final analysis. Patients were assigned to 
the dedicated group in the pre-dedicated period (n = 66) and post-dedicated period (n = 52), and to the non- 
dedicated group in the pre-dedicated period (n = 60) and post-dedicated period (n = 74). The adjusted 
difference-in-difference estimator was 17.1 (95% confidence interval: 5.6 to 28.5, p = 0.003) for AFG. 
Conclusion: Ward-dedicated PT staffing may improve the AFG of general medical patients in an acute 
hospital. Ward-dedicated PT staffing should be among the strategies utilized in the acute care process.
Key words: Health services administration, Rehabilitation, Activities of daily living

(Phys Ther Res 25: 75–83, 2022)

Patients in an acute hospital are at risk of disability, and 
hospitalization-associated disability occurs in approximately 
one-third of older patients1,2). Thus, health professionals 
should evaluate and identify the rehabilitation needs of 
patients at a high risk for hospitalization-associated disability.

Previous studies have demonstrated the effectiveness of 
early mobilization programs3–6) and special care procedures 

(e.g., comprehensive geriatric assessment7–10) and acute care 
for elders11,12)) as ward-based interventions. In a retrospective 
pre-post study, Johnson et al.13) demonstrated that additional 
cardiovascular intensive care unit (CVICU)-dedicated physi-
cal therapy (PT) staffing results in increased PT treatment 
and reduced CVICU and post-CVICU length of stay (LOS). 
In a retrospective observational study, Engel et al.14) demon-
strated that assigning physical therapists to the intensive care 
unit (ICU) increased the number of patients who received 
PT, shortened the time required prior to the initiation of PT, 
and decreased the ICU LOS. Livingstone et al.15) also 
reported that PT/occupational therapy staffing is associated 
with improved outcomes and overall quality of life among 
long-stay residents. Moreover, in a randomized control trial, 
Landefeld et al.8) reported that comprehensive geriatric 
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assessment can improve basic functioning during activities 
of daily living (ADLs) and reduce the frequency of dis-
charge to long-term care institutions.

Several studies have investigated the effectiveness and 
safety of early mobilization programs that involve special 
care procedures and dedicated PT staffing3,5,7,16–19). However, 
the effect of early mobilization programs and dedicated PT 
staffing on patient outcomes has been mainly investigated 
among ICU patients13,14) and nursing home residents15), while 
few studies have focused on patients in an acute general hos-
pital. Therefore, the present study aimed to examine the 
effect of dedicated PT staffing among patients in a general 
medical ward at an acute hospital.

Methods

Ethical approval
The study protocol was reviewed and approved by 

Research Ethics Committee, Kameda Medical Center (No. 
18-212). Informed consent was obtained in the form of opt-
out on the web site because the data were obtained via a 
retrospective review.

Health insurance reimbursement program for maintaining 
or improving ADLs

In 2014, the Japanese Ministry of Health, Labor and 
Welfare established a new health insurance reimbursement 
program for maintaining or improving ADLs, which involves 
ward-dedicated rehabilitation therapy staffing. This program 
allows for preventive interventions for functional decline. The 
following conditions are required to receive reimbursement:
• The ward needs dedicated rehabilitation therapists.
• The dedicated therapists perform ADLs assessment, pro-

vide instructions to maintain or improve ADLs function 
to aid in the prevention of falls and pressure ulcers, pro-
vide information regarding patient status to family, and 
assist with early discharge planning.

• The dedicated therapists also share information related to 
the following with medical staff: current ADLs function, 
post-discharge risks, functional prognosis, activity level, 
and level of participation preferred by the patient.

In the hospital where the study was conducted, this 
insurance program was introduced in one general medical 
ward on September 1, 2016, but not in another general med-
ical ward. Therefore, we had the opportunity to verify the 
effectiveness of the ward-dedicated PT staffing by using the 
difference-in-difference method with patients data from 
before and after the introduction of this insurance program 
in general medical wards with or without the ward- dedicated 
PT staffing.

Setting
This retrospective observational study was conducted 

in an 865-bed tertiary-care hospital in Japan. On September 
1, 2016, two full-time, dedicated PT staff were assigned to 

one of the general medical wards where gastrointestinal and 
oncology patients were admitted (45-bed capacity) to 
work for 8 hrs/day and 7 days/week. Thus, one to two ther-
apists were present in this ward each day of the week, 
including weekends.

We defined the patients in the general medical ward 
with dedicated PT staffing as the dedicated group and those 
in another general medical ward without dedicated PT 
staffing as the non-dedicated group. Patients in the non- 
dedicated group were gastrointestinal and oncology patients 
as in the dedicated group. Moreover, we defined the period 
before September 1, 2016 (the date when the dedicated PT 
staffing was implemented in our hospital) as the pre- 
dedicated period (year 1) and the period after September 1, 
2016, as the post-dedicated period (year 2).

As a result, patients in the general medical wards where 
gastrointestinal and oncology patients were admitted were 
divided into 4 groups: those admitted to the general medical 
ward with dedicated PT staffing before the start of the staff-
ing (the dedicated group in year 1), those admitted to the 
general medical ward with dedicated PT staffing after the 
start of the staffing(the dedicated group in year 2), those 
admitted to another general medical ward without dedicated 
PT staffing before the start of the staffing (the non-dedicated 
group in year 1), and those admitted to another general med-
ical ward without dedicated PT staffing after the start of the 
staffing (the non-dedicated group in year 2).

The reason why we staffed ward-dedicated PT to the 
wards where gastrointestinal and oncology patients were 
admitted was because these patients were mainly older 
and sometimes orders of rehabilitation were missed 
despite the need for rehabilitation. Among them, we espe-
cially focused on patients with acute cholangitis, who are 
often older and have a period of rest due to initial 
treatment. Therefore, we included patients with acute 
cholangitis as participants.

Participants
We enrolled patients with acute cholangitis who were 

admitted to the general medical wards from September 2015 
to August 2017. Patients with acute cholangitis were diag-
nosed and assessed for severity in accordance with the 
Tokyo guidelines20). Data were retrospectively obtained from 
April 2019 to July 2019 by two physical therapists. This 
study used the following criteria (Fig. 1):

Inclusion criteria
• Patients in a general medical ward with acute cholangitis.

Exclusion criteria
• Transferred from another ward after 14 days of hospitali-

zation.
• Patients admitted in both pre-dedicated period (year 1) 

and post-dedicated period (year 2).
• Patients who had missing Barthel index (BI) data.
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We excluded the patients admitted in both pre- dedicated 
period (year 1) and post-dedicated period (year 2) because 
the effect of the periods could not be isolated.

Study groups
The patients were divided into 4 groups: dedicated 

group in year 1, dedicated group in year 2, non-dedicated 
group in year 1, and non-dedicated group in year 2. The 
patients were assigned to either the dedicated or non- 
dedicated group using the hospital’s bed management sys-
tem. The decision was made independent of disease severity, 
etiology, and ADLs dependency.

Regular rehabilitation was conducted in four groups, 
and dedicated physical therapists were involved only in the 
dedicated group in year 2. A team of nine physical therapists 
were involved in the 4 groups, while two dedicated physical 
therapists were added and involved before regular rehabili-
tation in the dedicated group in year 2. The details on reha-
bilitation are described in the “Regular rehabilitation” and 
“Ward-dedicated PT staffing” sections.

Regular rehabilitation
Regular rehabilitation was delivered in all groups. 

Patients received regular rehabilitation if the gastroenterolo-
gist judged it necessary. The gastroenterologist’s decision 
was based on ability, including the decline in ADLs. Thera-
pists compared the patient’s current status with the pre-
admission status and provided rehabilitation to the patients 
to bridge the gap. As there was no clear protocol, rehabilita-
tion was planned for each individual patient. For example, if 
the patient was able to walk before admission, the goal of 
rehabilitation was to restore the ability to walk. If we 
determined that the patient lacked muscle strength to achieve 
the goal, we provided strength exercises. Regarding the 
cancellation criteria for rehabilitation, the recommendations 
provided by The Japanese Association of Rehabilitation 
Medicine were used as a guide21).

Ward-dedicated PT staffing
The ward-dedicated PT was implemented for the dedi-

cated group in year 2. The dedicated physical therapists 
evaluated the patients’ social information, grip strength, 
walking speed, Fried’s frailty phenotype22), and Short Physi-
cal Performance Battery scores23). The dedicated physical 
therapists assessed each patient’s abilities and provided 
instruction on preventive self-exercise to reduce bed rest, 
maintain and improve ADLs function, and maintain appro-
priate physical activity. The dedicated physical therapists 
also delivered the following interventions: walking exer-
cises, stair climbing exercises, muscle strength exercises, 
and sit-to-stand training for the aim of aerobic and resis-
tance training. In addition, we practiced the requirements of 
the facility standards as described in the “Health insurance 
reimbursement program for maintaining or improving 
ADLs” section.

When the dedicated physical therapists intervention 
was not enough, the ward-dedicated physical therapists 
requested additional order for regular rehabilitation to the 
gastroenterologist. The criteria for requesting a regular reha-
bilitation were as follows and the decision was made com-
prehensively: decreased physical function, BI of 85 points 
or less (criteria for calculation of disuse syndrome rehabili-
tation fee), history of immobility, possibility of improve-
ment in physical function, and disease trajectory.

Study variables
Data on patient characteristics were obtained from the 

electronic medical records, which included the following 
information: principal diagnosis, age, sex, body mass index 
(BMI), Charlson comorbidity index (CCI), etiology and 
severity of cholangitis, endoscopic retrograde cholangiopan-
creatography (ERCP)-related complications, numeric pain 
rating scale (NPRS) scores at admission, BI values, and the 
time prior to the initiation of rehabilitation. A gastroenterol-
ogist evaluated the BI data at admission and discharge.

Fig. 1. Study inclusion and exclusion criteria 
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Outcome measures and study covariates
The primary outcome was absolute functional gain 

(AFG), which was defined as the difference between the total 
BI at discharge and that at admission. The secondary out-
comes were LOS and time prior to the initiation of rehabilita-
tion, which was defined as the period between patient 
admission and the first clinical assessment by a rehabilitation 
therapist. Factors that were considered potential confounders 
included age, sex, BMI, CCI, etiology and severity of cholan-
gitis, ERCP-related complications, and NPRS at admission.

Statistical analysis
Data analysis

A complete case analysis was applied, which resulted 
in 252 patients in the final analysis. Student’s t-test (conti-
nuous variables) and Fisher’s exact test (categorical variables) 
were used to perform pre/post comparisons in each group.

Difference-in-difference approach
We used the difference-in-difference method, which is 

a quasi-experimental study design24–27), to investigate the 
effect of dedicated PT staffing on patient outcomes. This 
method can distinguish background trends in patient out-
comes and the initiation of dedicated PT staffing. The 
quasi-experimental study design prevents the effects of all 
confounders on the dedicated and non-dedicated groups 
without the need to adjust for each confounder. Thus, the 
difference-in-difference method can reduce potential biases 
from unmeasured variables.

No specific changes were noted in the dedicated or 
non-dedicated group within the pre- or post-dedicated 
period. Hence, we compared effects before and after the 
implementation of dedicated PT staffing, assuming parallel 
trends and common shocks. Moreover, we identified the 
effect of dedicated PT staffing on patient outcomes based on 
the difference between pre-post time differences in the ded-
icated group and pre-post time differences in the non- 
dedicated group. We developed the following model for the 
difference-in-difference method based on linear regression:

y(AFG) =  ε + β1 dedicated group + β2 post-dedicated 
period + β3 dedicated group * post-dedicated 
period + βX

where X refers to age, sex, BMI, CCI, etiology of cholangitis, 
severity of cholangitis, ERCP-related complications, or 
NPRS at admission. The β parameters are the regression 
coefficients associated with X, respectively, and ε is the ran-
dom error component reflecting the difference between the 
observed and fitted linear relationship.

The effect of dedicated PT staffing on patient outcomes 
was denoted as the coefficient of interaction term during the 
pre- and post-dedicated periods (β3 in the model). The level 
of statistical significance was set at p <0.05. Anonymized 
data were analyzed using R version 3.6.028).

Results

Our analysis of electronic medical records revealed 
that 456 patients with acute cholangitis were admitted to the 
general medical wards. Those who were transferred from 
another ward after 14 days of hospitalization (n = 18), those 
who were admitted in both pre-dedicated period (year 1) and 
post-dedicated period (year 2) (n = 5), and those with miss-
ing BI data (n = 181) were excluded. Thus, a total of 252 
patients were included in the final analysis (Fig. 1). Figure 2 
shows the scheme of the study design. The dedicated and 
non-dedicated groups were divided into pre- and post- 
dedicated periods (n = 118 [pre: 66, post: 52] and n = 134 
[pre: 60, post: 74], respectively). Table 1 shows a compari-
son of year 1 and year 2 within the dedicated and non- 
dedicated groups regarding patient demographic and clinical 
characteristics. There were no significant differences in age, 
sex, BMI, CCI, severity of cholangitis, etiology of cholangi-
tis, ERCP-related complications, and NPRS between year 1 
and year 2 within the dedicated and non-dedicated groups.

The adjusted outcome obtained using the difference- 
in-difference method is shown in Table 2 and Figure 3. 
Analysis of the interaction revealed that AFG had signifi-
cantly improved in the Dedicated group (difference-in- 
differences estimates, 95% confidence interval [CI]: 17.1, 
5.6 to 28.5) relative to the non-Dedicated group. How-
ever, we observed no significant difference in the time 
prior to the initiation of rehabilitation (difference-in- 
differences estimates, 95% CI: −0.4, −2.3 to 1.5) and 
LOS ( difference-in-differences estimates, 95% CI: 1.7, −2.1 
to 5.6) in the difference-in- difference analysis.

Discussion

The present study investigated the effects of ward- 
dedicated PT staffing on outcomes among general medical 
patients in an acute hospital, with adjustments for demo-
graphic and clinical characteristics. Our findings indicated 
that AFG increased in patients with acute cholangitis after 
the implementation of ward-dedicated PT. A subsequent 
difference-in-difference analysis to remove measured or 
unmeasured confounders (a limitation of previous studies) 
also indicated that ward-dedicated PT staffing was associated 
with an increase in AFG. Moreover, the increase in AFG 
occurred independent of the time at which rehabilitation was 
initiated. However, in the BI at the time of admission of the 
dedicated group, a decrease from 80.4 in the pre-dedicated 
period to 59.9 in the post-dedicated period was observed. 
This result indicates that the dedicated group may have been 
a patient population with more potential for improvement in 
AFG than the other groups in the second year.

Previous studies have reported that dedicated PT staff-
ing reduces the length of time prior to the initiation of PT, 
increases PT treatment, and reduces ICU and post-ICU 
LOS13,14). Moreover, specific care procedures in the ward 
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Table 1. Patient demographic and clinical characteristics

Variable

Dedicated group (n = 118) Non-dedicated group (n = 134)

Year 1
Pre-dedicated 

period
(n = 66)

Year 2
Post-dedicated 

period
(n = 52)

p value

Year 1
Pre-dedicated 

period
(n = 60)

Year 2
Post-dedicated 

period
(n = 74)

p value

Age, mean (SD), yr 75.2 (11.8) 77.0 (12.7) 0.42 74.0 (12.1) 75.9 (11.5) 0.56

Sex, male (%) 36 (54.5) 29 (55.8) 1.00 36 (60.0) 45 (60.8) 1.00

BMI, mean (SD), kg/m2 22.2 (4.1) 22.4 (4.4) 0.80 23.2 (4.5) 23.2 (4.8) 0.90

CCI, n (%) 0.35 0.41

 Score : 0–1 30 (45.5) 17 (32.7) 16 (26.7) 28 (37.8)

 Score : 2–3 20 (30.3) 21 (40.4) 29 (48.3) 31 (41.9)

 Score : ≥4 16 (24.2) 14 (26.9) 15 (25.0) 15 (20.3)

Severity of cholangitis, (%) 0.92 0.74

 Mild 40 (60.6) 30 (57.7) 39 (65.0) 43 (58.1)

 Moderate 22 (33.3) 18 (34.6) 18 (30.0) 26 (35.1)

 Severe 4 (6.1) 4 (7.7) 3 (5.0) 5 (6.8)

Etiology of cholangitis, (%) 0.85 0.98

 CBD stone 40 (60.6) 35 (67.3) 41 (68.3) 53 (71.6)

 Malignant obstruction 13 (19.7) 9 (17.3) 10 (16.7) 11 (14.9)

 Benign stricture 2 (3.0) 2 (3.8) 2 (3.3) 2 (2.7)

 Other 2 (3.0) 2 (3.8) 6 (10.0) 6 (8.1)

 Unknown 9 (13.6) 4 (7.7) 1 (1.7) 2 (2.7)

ERCP-related complications, (%) 0.67 0.9

 Bleeding after EST 1 (1.5) 2 (3.8) 2 (3.3) 3 (4.1)

 Perforation 0 (0.0) 1 (1.9) 0 (0.0) 1 (1.4)

 Post-ERCP pancreatitis 2 (3.0) 1 (1.9) 1 (1.2) 0 (0.0)

 Mortality 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

ADLs at admission, mean  
(SD), BI

80.4 (32.7) 59.9(40.1) 0.003 71.4 (41.8) 68.6 (41.2) 0.69

Pain at admission, mean (SD),  
NPRS

1.3 (2.2) 1.1 (1.9) 0.72 1.0 (1.8) 1.1 (2.0) 0.8

ADLs, activities of daily living; BI, Barthel index; BMI, body mass index; CBD, common bile duct; CCI, Charlson comorbidity index; 
ERCP, endoscopic retrograde cholangiopancreatography; EST, endoscopic sphincterotomy; NPRS, numeric pain rating scale; SD, 
standard deviation

Fig. 2. Scheme of a study design to evaluate the effect of ward-dedicated PT staffing implementation

 PT, physical therapy
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may reduce short-term mortality, prevent falls, decrease 
delirium, and improve physical and cognitive functions7–12). 
However, particularly for patients in an acute general hospi-
tal, data to clearly show such benefits are lacking. In a 

retrospective pre-post study, Johnson et al.13) demonstrated 
the effect of increasing the number of physical therapists 
from two to four in a CVICU setting. Engel et al.14) also 
reported a positive effect of a physical therapist-led early 

Table 2. Unadjusted and adjusted outcomes obtained using the difference-in-difference approach

Variable

Dedicated group Non-dedicated group
Difference-in- 

differences 
estimates 

(95% CI)*

p value
Year 1

Pre-dedicated  
period

(n = 66)

Year 2
Post-dedicated 

period
(n = 52)

Year 1
Pre-dedicated 

period
(n = 60)

Year 2
Post-dedicated 

period
(n = 74)

AFG mean (SD), BI 0.15 (27.1) 17.1 (28.6) 1.9 (18.8) 3.5 (16.0) 17.1 (5.6 to 28.5) 0.003

Rehab initiation (SD), d 3.6 (3.0) 1.8 (1.2) 4.4 (3.4) 2.9 (2.2) -0.4 (-2.3 to 1.5) 0.68

LOS mean (SD), d 14.1 (6.3) 16.4 (12.1) 13.3 (7.2) 13.6 (5.9) 1.7 (-2.1 to 5.6) 0.38

*These adjusted coefficient estimates were estimated from linear regressions that controlled for age, sex, BMI, CCI, severity of chol-
angitis, etiology of cholangitis, ERCP-related complication, and NPRS

AFG, absolute functional gain; BI, Barthel index; CI, confidence interval; rehab, rehabilitation; SD, standard deviation; LOS, length of 
stay; BMI, body mass index; CCI, Charlson comorbidity index; ERCP, endoscopic retrograde cholangiopancreatography

Fig. 3.  Changes in outcomes before and after the implementation of ward-dedicated PT staffing in the dedicated and non-dedicated 
groups 

(a) AFG (BI). (b) Time prior to initiation of rehabilitation (days). (c) LOS (days)

PT, physical therapy; AFG, absolute functional gain; BI, Barthel index; LOS, length of stay

80



Effect of Ward-dedicated Physical Therapy Staffing

mobilization program for ICU patients. However, because 
of the retrospective nature of the study, effects specific to the 
implementation of dedicated PT staffing could not 
be distinguished from the natural temporal trends in patient 
outcomes. In our study, we were able to exclude the effects 
of natural temporal trends and those of confounding factors 
using a quasi-experimental design.

Acute cholangitis is common in older patients, 
occurring primarily due to stones in the bile ducts and 
gallbladder29,30). Factors associated with the development 
of cholelithiasis include age, obesity, and physical 
inactivity31,32). In addition, early decreases in function are 
likely to occur in patients hospitalized with acute cholangi-
tis due to symptoms (intermittent fever accompanied by 
chills, right upper quadrant pain, and jaundice) and treat-
ments (antibiotic and biliary drainage). Thus, patients with 
acute cholangitis may exhibit frailty due to physical inac-
tivity and may be at high risk of hospitalization-associated 
disability.

We hypothesized that the implementation of ward- 
dedicated PT staffing would decrease the time required prior 
to the initiation of rehabilitation and improve AFG. Based 
on unadjusted results, early rehabilitation assessment and 
AFG significantly improved following the implementation 
of ward-dedicated PT staffing. However, when the results 
were adjusted via the difference-in-difference analysis, we 
observed no significant difference in the time prior to the 
initiation of rehabilitation and LOS, whereas differences in 
AFG remained significant.

Our findings also indicated that ward-dedicated PT 
staffing significantly improved AFG without decreasing 
the length of the period prior to rehabilitation. However, 
implementation of dedicated PT staffing did not decrease 
the length of this period, which was unexpected. Nonethe-
less, there may be a clinical explanation for this result. 
The study hospital encouraged early initiation of rehabili-
tation for acute medical patients. Physicians performed 
ERCP in patients with moderate to severe cholangitis 
within 2 days of hospitalization, and rehabilitation was 
initiated on the day after ERCP. The time to the initiation 
of rehabilitation decreased in both the dedicated and 
non-dedicated groups after the implementation of 
ward-dedicated staffing. In addition, there was no decrease 
in the LOS reported in previous studies. In comparison to 
the CVICU population, the following factors may have 
affected the LOS in the general medical ward staffing in 
this study: medical needs (antibiotic therapy duration) and 
social needs (discharge coordination and introduction 
of long-term care services). Further studies with strict 
discharge criteria are needed to evaluate the effect of ded-
icated PT staffing on LOS.

In a prospective cohort study, Brown et al.33) noted 
that low mobility and bed rest are common in hospitalized 
older patients and are important predictors of functional 
decline. Zisberg et al.34) demonstrated that in-hospital 

mobility is an important modifiable factor related to imme-
diate and short-term functional outcomes in older adults. 
In addition, mobilization programs have been shown to 
encourage out-of-bed ADLs35) and prevent functional 
decline36). Lack of health literacy, which is defined as the 
ability to access, understand, evaluate, and use health 
information to make reasoned, health-related decisions37), 
has been associated with physical inactivity and frailty 
among patients38–40). In our study, a dedi cated physical ther-
apist evaluated all patients before the initiation of regular 
rehabilitation, and inpatients with no functional decline at 
admission received instructions regarding self-exercise 
and appropriate physical activity. These care processes 
may have contributed to improvements in AFG by increas-
ing health literacy.

Implications
In previous studies, acute inpatient rehabilitation 

typically focused on early mobilization and discharge 
planning3,4,6,17–19,41–43), and the impact of dedicated PT staffing 
was mainly investigated in ICU or nursing home settings13–15). 
Our results suggest that ward-dedicated PT staffing is effec-
tive in improving AFG in general medical patients at an 
acute hospital. However, a 2017 survey revealed that only 
2.4% (89 of 3748) of acute hospitals in Japan have ward- 
dedicated PT staffing. Our findings suggest that ward- 
dedicated PT staffing should be among the strategies utilized 
in the acute care process.

Study limitations
This study has several limitations. First, this study 

included a single-center hospital ward; thus, the generaliz-
ability of the methods and findings is limited. Therefore, 
further multi-center studies are required. Second, the ADLs 
evaluation was insufficient. BI data were missing, and a dif-
ference in BI at admission between each group was 
observed. In addition, the BI subitems were important in PT 
but could not be considered due to lack of data. Excluded 
patients may have had difficulty measuring BI data, and 
the present results may not be applicable to a population of 
patients with acute cholangitis for whom BI data would be 
difficult to measure. Moreover, as the baseline ADLs func-
tion (i.e., before admission) was unknown, discriminating 
between functional decline after hospitalization and base-
line functional decline was difficult. However, ADLs func-
tion may always be uncertain given that it can be modified 
by several factors, such as the severity of disease and pain. 
Third, we could not have the data on daily rehabilitation 
time or duration of PT in the study because we could not 
have IDs that can be traced back to electronic medical 
record of the patients. Therefore, it is difficult to discuss the 
detail mechanism regarding the results of this study. Further 
studies are required to establish specific treatment protocols 
and to verify our findings in a large multi-center prospec-
tive cohort.
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Conclusion

In the present observational study, we performed a dif-
ference-in-difference analysis of medical patients in an 
acute general hospital to elucidate the effect of ward- 
dedicated PT staffing. This quasi-experimental design 
allowed us to exclude the effects of natural temporal trends 
and confounding factors that limited previous studies. Our 
findings indicated that ward-dedicated PT staffing can 
improve AFG independent of the time at which rehabilita-
tion is initiated in general medical patients admitted to an 
acute hospital.
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ABSTRACT. Objective: The purpose of this study was to investigate the outcomes of physiotherapy on patients 
in psychiatric long-term care wards in Japan and to identify the characteristics of patients who have been 
discharged to the community. Methods: The subjects comprised 50 patients who were admitted to the psychi-
atric long-term care wards at four different hospitals in Japan and prescribed physiotherapy. General phys-
iotherapy for the patients’ diseases was provided. The main outcome was whether a patient was discharged to 
the community (discharged group) or remained hospitalized (hospitalized group) at the end of physiotherapy. 
Basic subject characteristics, including age, sex, F-code, classification of the diagnosis that led to physiother-
apy, length of hospital stay, and length of physiotherapy, were collected from medical records. The Functional 
Independence Measure (FIM) tool was administered at the initial and final evaluations. Results: At the end of 
physiotherapy, there were 14 subjects in the discharged group and 36 subjects in the hospitalized group. There 
were significant differences in the classification of diagnosis, length of stay (LOS), and classification of LOS 
between the two groups. Two-way analysis of variance showed interactions between the FIM subitems of self-
care, transfer, and locomotion. Conclusion: The discharged group had higher FIM scores at the start of phys-
iotherapy and a greater FIM gain.
Key words: Psychiatric long-term care wards, Physiotherapy, ADL, Schizophrenia

(Phys Ther Res 25: 84–91, 2022)

In Japan, the number of psychiatric beds per 100,000 peo-
ple in 1998 was 287, the highest number in the world1). The 
average length of stay (LOS) for psychiatric and behavioral 
treatment is 277.1 days in Japan2). Moreover, long periods of 
hospitalization are common in psychiatric long-term care 
wards: 51.1% of inpatients have an LOS exceeding 5 years 
and 82.2% have an LOS exceeding 1 year3).

Because a prolonged LOS makes it difficult to dis-
charge patients to the community, various studies have 
investigated the factors contributing to a prolonged LOS 
among inpatients with psychiatric disease. Longer LOS has 
been associated with older age, male sex, ethnicity, accom-
modations and family environment, multiple psychiatric 
diagnoses, medical-psychiatric comorbidity, and restraint 
use during current admission4–7). In addition, a study that 
analyzed the LOS from the perspective of stratification into 
patient, hospital, and community levels found that, as in 
other previous studies, patient- and hospital-level factors 
affect LOS; furthermore, community level factors such as 
living situation before hospitalization and available financial 
support are also reported to have an effect8). Thus, it is clear 
that not only psychiatric disease but also physical and 
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Outcomes of Physiotherapy on Discharge in Psychiatric Wards

psychosocial factors can prolong hospitalization, suggesting 
the importance of treatment and the difficulty of discharging 
patients to the community.

It has been reported that patients with schizophrenia 
have poor physical health and physical activity levels9). Sev-
eral systematic reviews and meta-analyses10–12) have reported 
that exercise therapy, such as aerobic exercise, strength 
training and yoga, are effective in improving positive and 
negative symptoms, quality of life, cognition, and hippo-
campal plasticity and in increasing hippocampal volume in 
patients with schizophrenia. However, until recently, a med-
ical fee structure for physiotherapy for patients in psychiat-
ric long-term care wards in Japan had not been established, 
so insufficient physiotherapy was provided to patients. Thus, 
to promote the transition of inpatients to the community, 
fee-for-service reimbursement for physiotherapy that was 
provided to a patient hospitalized in psychiatric long-term 
care wards who have developed a specific disease was 
offered beginning in fiscal year 2020. Few studies have 
investigated the effects of physiotherapy on patients admit-
ted to psychiatric long-term care wards in Japan.

The purposes of this study were to investigate the out-
comes of physiotherapy in psychiatric long-term care wards 
in Japan and to identify the characteristics of patients who 
have been discharged to the community.

Methods

Experimental design
This was a retrospective cohort study.

Subjects
The subjects comprised 59 patients admitted to psychi-

atric long-term care wards at four different hospitals in 
Japan who were prescribed physiotherapy. Inclusion criteria 
were those who were admitted to a psychiatric long-term 
care ward and those who received physical therapy through 
medical service fees for rehabilitation examined according 
to the disease group. Exclusion criteria were those for whom 
physical therapy was discontinued due to hospital transfer or 
sudden change in condition.

Fifty patients were included in the analysis after 
excluding five patients who were transferred to another hos-
pital and four patients who discontinued physiotherapy due 
to sudden health changes.

The study was conducted from April 2020 to March 
2021 in accordance with the tenets of the Declaration of 
Helsinki and was approved by the Ethics Committee of 
Hirakawa Hospital (approval number: H30-1).

Intervention
General physiotherapy for the patient’s disease was 

provided, including muscle strengthening exercises, joint 
range of motion exercises, balance exercises, and activities 
of daily living (ADL) exercises, including ambulation 

exercises. Each patient was treated by one physiotherapist 
who provided physiotherapy for 40 minutes a day, approxi-
mately five times a week.

Outcome measures
The main outcome was whether the patient was dis-

charged to the community, such as to a home or a group 
home (discharged group), or remained hospitalized (hospi-
talized group) at the end of physiotherapy. Basic subject 
characteristics, including age, sex, classification of mental 
disorders, classification of diagnosis that led to physiother-
apy, LOS in the hospital, and length of physiotherapy, were 
collected from the medical records. LOS was classified into 
three categories: less than 6 months, 6 months to 3 years, 
and more than 3 years.

The Functional Independence Measure (FIM) was 
completed by the physiotherapist in charge of subjects at the 
initial evaluation and final evaluation based on information 
from the ward nurse.

Statistical analysis
Basic subject characteristics, the FIM score at the start 

of physiotherapy (starting FIM), the FIM score at the end of 
physiotherapy (final FIM), and the increase in FIM score 
(FIM gain) were compared between the discharged group 
and the hospitalized group. FIM gain was calculated by sub-
tracting the starting FIM from the final FIM. To compare the 
two groups, Welch’s two-sample t-test (r), Fisher’s exact test 
(φ or Cramer’s V), and the Mann-Whitney U test (r) were 
employed.

Comparisons between two groups in changes of FIM 
score at the starting and end of physiotherapy were analyzed 
by two-way mixed-design analysis of variance (ANOVA).

We conducted all analyses using R version 4.0.3. The 
threshold for significance was p <0.05.

Results

At the end of physiotherapy, there were 14 subjects in 
the discharged group and 36 subjects in the hospitalized 
group (Fig. 1).

Basic subject characteristics are listed in Table 1. 
There were significant differences in the classification of 
diagnosis, LOS, and LOS classification between the dis-
charged and hospitalized groups (Table 1). In terms of FIM 
scores at the start of physiotherapy, there were significant 
differences in eating, grooming, bathing, comprehension, 
expression, memory, motor subscore, cognitive subscore, 
and the total score between the two groups (Table 2). In 
terms of FIM scores at the end of physiotherapy, there were 
significant differences for each of the items except toileting, 
walking/wheelchair, social interaction and problem solving, 
and the total score between the two groups (Table 2). In 
terms of FIM gain, there were significant differences in 
grooming, bathing, dressing upper body, dressing lower 
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body, toileting, transfer (tub, shower), stairs, motor subtotal 
score, and the total score between the two groups (Table 2).

In comparisons between two groups in changes of FIM 
score at the starting and end of physiotherapy, there were 
significant interactions between phases and groups in self-
care, transfer, locomotion, motor subscore, and the total 
score (Table 2).

Discussion

In this study, patients who received physiotherapy in 
psychiatric long-term care wards were divided into two 
groups according to whether they were discharged, and 
basic subject characteristics and FIM scores were compared 
between groups.

There was a significant difference between the dis-
charged group and the hospitalized group in the classifica-
tion of diagnosis that led to physiotherapy. Fractures were 
the most common proportion in the discharged group, while 
disuse syndrome and musculoskeletal ambulation disability 
symptom complex were more common in the hospitalized 
group (Table 1). People with schizophrenia are known to be 
at significantly increased risk of fractures13), and complex 
psychopharmacological treatment14) and excessive bone 
mineral density loss15) have been identified as contributing 
factors. Physiotherapy for femoral neck fractures yielded 
poorer 1-year functional outcomes in patients with schizo-
phrenia than in patients without schizophrenia but caused no 
increase in postoperative complications and no difference in 
1-year mortality16), indicating a certain effect of physical 
therapy. In addition, the longer the LOS, the less likely the 
patients were to be discharged at the end of physiotherapy 
(Table 1). Previous studies17,18) of patients who did not receive 

physiotherapy showed that prolonged hospitalization was an 
impediment to the decision to discharge. Among psychiatric 
wards, patients with schizophrenia have been found to have 
particularly prolonged LOS17), and in addition, a large per-
centage of patients admitted to psychiatric long-term care 
wards also have locomotive syndrome, and it has been 
pointed out that locomotive syndrome is also associated 
with prolonged LOS18). In this study, the same was true for 
those who received physiotherapy. As another perspective, 
the fewer number of outreach service such as visits for psy-
chiatric nursing care at home has also been pointed out as a 
cause of prolonged LOS19). In this study, we were not able to 
examine the relationship between the involvement of phys-
iotherapists other than ADL and dischargeability, such as 
whether the involvement of physiotherapists was effective in 
promoting the use of social resources. This may be an issue 
for future research.

The comparison of FIM scores at the start of physio-
therapy showed significant differences between the two 
groups, mainly in the subcategories of self-care and commu-
nication (Table 2). Eating, grooming, and bathing are basic 
activities necessary for living in any environment, and even 
if the patient is discharged from the hospital to a group 
home, it is expected that these activities can be performed 
independently or with supervision. Comprehension, expres-
sion, and memory require thinking that involves meaningful 
words, and it has also been suggested that thought disorder 
leads to social limitations20). These results suggest that the 
degree of disability in self-care, communication, and mem-
ory at the start of physiotherapy may be a predictor of 
whether a patient will be discharged. Sakiyama et al.21) 
reported that factors that cause patients with mental disor-
ders to be rehospitalized after discharge from the hospital 

Patients for whom
physical therapy 
was prescribed

n = 59 

Initial evaluation
n = 59

Transfer n = 5
Sudden changes n = 4

Final evaluation
n = 50

Discharged
n = 14

Hospitalized
n = 36

117.2 ± 52.0 days

Fig. 1. Flow chart of participant selection 
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are associated with disorders in self-care and thought disor-
ders, and the present study supports the results of their study.

The comparison of FIM scores at the end of physical 
therapy between the two groups showed differences in many 
subitems in addition to the total score and subtotal scores; the 
subitems that did not show differences were transfer to the 
toilet, walk/wheelchair, social interaction, and problem- 
solving (Table 2). Although there was no significant differ-
ence for transfer to the toilet, it showed a moderate effect size 
(r = 0.267), indicating a tendency for a difference between the 
two groups. On the other hand, for walk/wheelchair, there 
was no significant difference between the two groups, and the 
effect size was small (r = 0.190). Regarding FIM gait, it can 
be inferred that in the discharged group, many of the patients 
(42.9%) underwent physiotherapy due to fracture, and 
although the median value of FIM gait improved from 5 to 6 
with physiotherapy, many of them still required walking aids 
such as canes at the end of the physiotherapy. On the other 
hand, in the hospitalized group, the median value of FIM gait 
at the start of physiotherapy was 5, which was similar to that 
of the discharged group. However, most of the diseases caus-
ing physiotherapy were disuse syndrome and musculoskeletal 
ambulation disability symptom complex, and physiotherapy 
was not effective in improving walking independence.

Social cognition in the form of social interaction and 
problem-solving is known to influence functioning in patients 
with schizophrenia22); however, in this study, these values for 
these items at the end of physiotherapy were not significantly 
different between the discharged group and the hospitalized 
group. The reason for these results is that the FIM items for 
social interaction and problem-solving do not sufficiently 
account for the frequency and degree of positive and negative 
symptoms caused by schizophrenia and other psychiatric 
disorders, suggesting that there may have been confounding 
factors that reduce reliability, such as intertester variability.

The analysis of FIM gain between the two groups 
showed significant differences in several subitems. In the 
category of self-care, significant differences were found in 
all subitems except for eating. There was a ceiling effect 
on the eating assessment because of the high level of inde-
pendence at the start of physiotherapy. Although there 
were no significant differences in bath transfer and stairs 
between the two groups at the start of physiotherapy, there 
were significant differences in FIM gain; significant differ-
ences were also observed at the end of physiotherapy. 
These items suggest that although the patients did not 
actively practice these items during hospitalization for 
safety reasons, they may have practiced these items after 

Table 1. Basic subject characteristics and a comparison between the discharged group and the hospitalized group

Variables Overall  
(n = 50)

Discharged  
(n = 14)

Hospitalized  
(n = 36) p ES

Age, years 67.0 ± 11.0 63.8 ± 10 68.2 ± 11.2 0.182 0.184 a

Female, n (%) 30 (60.0)  7 (50.0) 23 (63.9) 0.522 0.127 b

Classification of mental disorders 0.439 0.290 c

Alzheimer’s disease, n (%) 4 (8.0) 0 (0)  4 (11.1)

Schizophrenia, n (%) 38 (76.0) 11 (78.6) 27 (75.0)

Mood disorders, n (%) 3 (6.0) 1 (7.1) 2 (5.6)

Eating disorders, n (%) 1 (2.0) 1 (7.1) 0 (0)

Disorder onset in childhood, n (%) 4 (8.0) 1 (7.1) 3 (8.3)

Classification of diagnosis 0.005 0.546 c

DS, n (%) 19 (38.0)  3 (21.4) 16 (44.4)

MADS, n (%) 14 (28.0)  2 (14.3) 12 (33.3)

Fractures, n (%)  9 (18.0)  6 (42.9) 3 (8.3)

OOD (%)  6 (12.0) 1 (7.1)  5 (13.9)

ND, n (%) 2 (4.0)  2 (14.3) 0 (0)

LOS, days 2804.2 ± 4646 611.6 ± 1272.8 3656.8 ± 5191 0.002 0.297 a

<6 M, n (%) 14 (28.0) 10 (71.4)  4 (11.1) <0.001 0.608 c

≥6 M, <3 Y, n (%) 12 (24.0)  2 (14.3) 10 (27.8)

≥3 Y, n (%) 24 (48.0)  2 (14.3) 22 (61.1)

Length of physiotherapy, days 117.2 ± 52.0 114.8 ± 74.3 118.2 ± 41.5 0.873 0.030 a

Mean ± SD

a: Welch two-sample t test, r
b: Fisher’s exact test, φ
c: Fisher’s exact test, Cramer’s V

ES, effect size; disorder onset in childhood, behavioral and emotional disorders with onset usually occurring in childhood and ado-
lescence; DS, disuse syndrome; MADS, musculoskeletal ambulation disability symptom complex; OOD, other orthopedic diseases; 
ND, neurological diseases; classification of diagnosis, classification of the diagnosis that led to physiotherapy
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Table 2. Comparison of FIM scores between the discharged group and the hospitalized group

At the start of physiotherapy At the end of physiotherapy FIM gain P × G

DG
(n = 14)

HG
(n = 36) p ES

(r)
DG

(n = 14)
HG

(n = 36) p ES
(r)

DG
(n = 14)

HG
(n = 36) p ES

(r) p

Self-care a

Eating 7 (0.5) 6 (1) 0.001 0.471 7 (0.5) 6 (1) <0.001 0.500 0 (0) 0 (0) 0.944 0.052 a

Grooming 5 (0.5) 3 (2) 0.004 0.402 6 (1) 3 (2) <0.001 0.496 0.5 (0.5) 0 (0) 0.007 0.369 a

Bathing  4 (1.375) 2 (1.5) 0.013 0.348 5 (1.75) 2 (1.5) 0.005 0.391 0 (0.375) 0 (0) 0.031 0.312 a

Dressing – upper body 5 (1.25) 4 (2) 0.069 0.257 6.5 (1.5) 4 (2.5) 0.005 0.387 1 (0.875) 0 (0) 0.005 0.413 a

Dressing – lower body 5 (1.25) 2.5 (2) 0.071 0.256 6 (1.5) 3.5 (2.5) 0.008 0.373 1 (0.875) 0 (0) 0.001 0.449 a

Toileting  6 (1.625) 3 (2.5) 0.066 0.260 6.5 (1) 4 (3) 0.024 0.317 0.5 (0.875) 0 (0) 0.039 0.295 a

Sphincter control a

Bladder management 6 (1) 2.5 (2.625) 0.063 0.265 6.5 (0.875) 2.5 (2.625) 0.007 0.380 0 (0.375) 0 (0) 0.057 0.274 a

Bowel management 5 (1.25) 1.5 (2.125) 0.057 0.269 5.5 (0.875) 2 (2.5) 0.011 0.354 0 (0.375) 0 (0) 0.060 0.265 a

Transfers a

Bed, chair, wheelchair  6 (1.375) 5 (2.125) 0.141 0.209 7 (0.875) 5.5 (2) 0.049 0.278 0 (0.5) 0 (0.5) 0.642 0.069 a

Toilet  6 (1.375) 4.5 (2.625) 0.127 0.217 6.5 (1) 5 (2) 0.060 0.267 0 (0.5) 0 (0.5) 0.620 0.073 a

Tub, shower 4.5 (1.5) 3 (2) 0.244 0.168 5 (1.5) 3 (2) 0.038 0.293 0.5 (0.5) 0 (0) 0.004 0.418 a

Locomotion a

Walker/wheelchair 5 (1.5) 5 (2.125) 0.676 0.061 6 (0.875) 5 (1.625) 0.182 0.190 1 (1) 0 (0.5) 0.092 0.240 a

Stairs 1 (0) 1 (0) 0.606 0.081 3 (2.5) 1 (0) 0.019 0.335 0 (1.875) 0 (0) 0.004 0.393 a

Communication a

Comprehension  5 (0.875) 4 (1.25) 0.012 0.354 5 (0.875) 4 (1.5) 0.005 0.389 0 (0) 0 (0) 0.372 0.121 a

Expression 5 (0.5) 4.5 (1.5) 0.027 0.311 5 (0.5) 4.5 (1.5) 0.007 0.378 0 (0) 0 (0) 0.155 0.238 a

(Continued)
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At the start of physiotherapy At the end of physiotherapy FIM gain P × G

DG
(n = 14)

HG
(n = 36) p ES

(r)
DG

(n = 14)
HG

(n = 36) p ES
(r)

DG
(n = 14)

HG
(n = 36) p ES

(r) p

Social cognition a

Social interaction 5 (0.75) 3 (2) 0.196 0.185 5 (0.5) 3.5 (2) 0.140 0.211 0 (0) 0 (0) 0.806 0.020 a

Problem-solving 4 (1.375) 3 (1.5) 0.325 0.141 4.5 (1.375) 3 (1.5) 0.182 0.190 0 (0.375) 0 (0) 0.288 0.156 a

Memory 5 (1.875) 3 (1.125) 0.030 0.305 5 (1.75) 3 (1.25) 0.014 0.345 0 (0) 0 (0) 0.906 0.027 a

Summaries

Self-care 23 ± 8.7 15.9 ± 10.0 0.019 0.319 26.6 ± 8.2 16.7 ± 10.6 0.001 0.411 b 0.005

Sphincter control 9.9 ± 4.3 6.8 ± 5.1 0.037 0.280 10.7 ± 3.8 6.9 ± 5.2 0.007 0.340 b 0.267

Transfers 14.4 ± 5.7 11.6 ± 6.6 0.140 0.202 16.8 ± 3.6 12.6 ± 6.3 0.005 0.319 b 0.020

Locomotion 6.4 ± 3.6 5.7 ± 3.5 0.580 0.081 9.0 ± 3.8 6.4 ± 3.5 0.040 0.314 b 0.006

Communication 10.4 ± 2.8 7.8 ± 3.2 0.009 0.358 10.7 ± 2.3 7.8 ± 3.1 0.001 0.410 b 0.357

Social cognition 4.7 ± 1.4 3.8 ± 2.1 0.081 0.213 4.9 ± 1.5 3.9 ± 2 0.067 0.236 b 0.749

Motor subscore 53.7 ± 20.8 40.0 ± 23.7 0.054 0.265 63.1 ± 17.6 42.6 ± 24.3 0.002 0.382 b 0.012

Cognitive subscore 23.4 ± 6.9 18.0 ± 8.4 0.027 0.295 24.5 ± 6.2 18.4 ± 8.3 0.008 0.340 b 0.410

Total score 77.1 ± 26.4 58.0 ± 30.6 0.037 0.285 87.6 ± 20.9 61.0 ± 31.0 0.001 0.391 b 0.023

Median (quartile deviation); mean ± SD

a: Mann–Whitney U test, ES: r
b: Pairwise t test, ES: r
P × G: Two-way mixed-design ANOVA, Interaction of Phase × Groups

DG, discharged group; HG, hospitalized group; ES, effect size; ANOVA, analysis of variance 

Table 2. (Continued)
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physiotherapy started in anticipation of discharge from the 
hospital, with a view to the range of activities they would 
be performing and safe living after discharge. It has been 
pointed out that patients with schizophrenia have impaired 
ADL abilities due to a multitude of factors, including 
impaired physical functioning23), and it has also been 
reported that impaired ADL abilities are also present in 
patients with bipolar disorder24). In addition, rehabilitation 
interventions for patients with schizophrenia have been 
reported to improve ADL abilities, although to a limited 
extent, which is consistent with the results of this study25). 
Although the number of FIM subitems that showed 
improvement was limited in this study, it can be inferred 
that in some cases, discharge planning was conducted from 
the beginning of physiotherapy, and practice of ADL was 
carried out in anticipation of life after discharge.

The FIM subscores that showed that improvement in 
ADL by physiotherapy influenced dischargeability by two-
way ANOVA were self-care, transfer, and locomotion. All 
these subscores observed significant difference including 
subitems that showed a moderate to large effect size of 0.4 
in the FIM gain analysis of FIM subitems. These subitems 
were dressing in the self-care category, transferring to the 
tub in the transfer category, and stairs in the locomotion 
category. These subitems are ADLs that are not necessarily 
of high priority in terms of the need for independence 
during hospitalization, when care can be expected, but are 
necessary during life in the community, and improvement 
in these subitems is thought to have influenced discharge to 
the community.

Limitations of this study include the mixture of multi-
ple psychiatric disorders and the insufficient assessment of 
psychiatric symptoms. Psychiatric symptoms and motor 
functions that cannot be assessed by FIM may affect the 
degree of improvement in FIM and whether the patient can 
be discharged to the community. Therefore, it is necessary to 
limit the classification of mental disorders and diagnoses 
that led to physiotherapy in the future. In addition, the refer-
ence to the effects of physiotherapy is limited because we 
did not conduct a randomized controlled trial with or with-
out physical therapy intervention. Another limitation of the 
study was that the sample size was too small to conduct mul-
tivariate analysis on the factors influencing whether patients 
are discharged from the hospital. In particular, classification 
of diagnosis that led to physiotherapy and LOS can be 
important confounders, so continued research is needed. 
Despite these limitations, it is significant that physiotherapy 
had a certain outcome in improving ADL ability and facili-
tating discharge to the community in patients in a psychiat-
ric long-term care ward.

Conclusion

The outcomes of physiotherapy in a psychiatric long-
term care ward were analyzed by examining the results of 

discharged and hospitalized groups. The results showed that 
there were differences between the two groups in basic char-
acteristics such as classification of diagnosis that led to 
physiotherapy and length of hospital stay. It was also found 
that the discharged group had higher FIM scores at the start 
of physiotherapy and a greater FIM gain.
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