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Abstract
Introduction: Recent years have witnessed a rapid rise in the incidence of mental 
health deterioration, such as depression and depressive symptoms. Therefore, early 
detection and measures of prevention have become important. This study aimed 
to develop a predictive method for assessing the incident risk of mental health de-
terioration by examining the associations between mental health and handwriting 
duration.
Methods: A cohort study over four years was performed with 200 university stu-
dents who volunteered to participate in this study. Participants received the Uchida-
Kraepelin test every April and completed the 30-item general health questionnaire 
to evaluate their mental health. From the stroke data obtained from the digital pen 
in the Uchida-Kraepelin test, two kinds of intervals were extracted. Based on these 
interval ratios, participants were divided into two groups. We then examined the 
scores of the questionnaire between the high-risk group and the low-risk group in 
the first year of the study. In addition, multiple logistic regression analysis was used 
to examine whether those in the high-risk group in the first year still belonged to the 
high-risk group in the fourth year.
Results: In the “Anxiety and Dysphoria scale” in the first year, the high-risk group had 
a significantly higher score than the low-risk group. Additionally, it was found that 
those in the high-risk group in the first year tended to still be in the high-risk group 
in the fourth year.
Conclusion: These results suggested that the indicator that we developed can be 
used as a predictive factor for the incident risk of mental health deterioration.
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1  | INTRODUC TION

Worldwide, an increasing number of people are believed to be suf-
fering from mental health deterioration stemming from psychiatric 
disorders, such as depression and depressive symptoms. This dete-
rioration can substantially affect their quality of life, including the 
ability to work, with more people electing to take long-term sick 
leaves.1-3 Mental health deterioration is characterized by a wide 
range of disturbances, either psychological or behavioral, which can 
affect both the mental and the physical health of workers. It includes 
various psychiatric disorders, along with abnormal levels of worry 
and anxiety, and is classified under the label of psychological and be-
havioral disorders.4 According to a 2014 survey that was conducted 
by the Ministry of Health, Labour and Welfare on patients, a total of 
3.924 million people are living with psychiatric disorders in Japan. 
Moreover, the number of patients with mood disorders (eg, depres-
sion and bipolar disorder) in Japan reached 1.116 million, passing 1 
million for the first time since the start of the survey. The recurrence 
rate of mental health deterioration, particularly that of depression, 
is considered to be high,5 with a 50% probability that a patient that 
developed depression for the first time will exhibit recurrence. 
Furthermore, that of a third or fourth recurrence is 75% and greater 
than 90%, respectively. In these cases, the patients have to take re-
peated sick leaves or quit their jobs. Therefore, a measure for early 
detection to prevent the onset of depression and its recurrence is 
considered necessary.

As a simplified method to measure depressive symptoms, a 
self-administered questionnaire is often used. In the major depres-
sive disorder (MDD) screening using the Beck Depression Inventory 
(BDI)6 developed by Beck, a cutoff score of ≥4 was demonstrated to 
reveal the presence or absence of MDD symptoms.7-9 Likewise, the 
30-item general health questionnaire (GHQ30), which can measure 
mental well-being at the time of the survey, is used for MDD screen-
ing and other depression symptom assessments.10-13 However, since 
the questionnaire has a subjective test form, an objective index is 
needed.

Accordingly, the aim of the present study was to develop a pre-
dictive method for assessing the incident risk of mental health de-
terioration and evaluate its predictive accuracy by examining the 
association between mental health and handwriting duration.

As a preliminary examination, we conducted a cross-sectional 
study targeted at participants of a return to work program.14 The 
participants of this program were individuals who took leave time 
from work for mental health disorders, who have been diagnosed 
as being in remission since the symptoms of their mental health 
disorders had stabilized with treatment, such as with medications, 
and who aim to return to work. When a digital pen-based Uchida-
Kraepelin test referred to in the next Methods section was adminis-
tered to the 26 participants (hereinafter referred to as the on leave 
group) and 20 healthy individuals (hereinafter referred to as the nor-
mal group), the stroke interval ratio t2/t1 values defined in the same 
Methods section were 7.2 ± 3.3 in the on leave group and 4.4 ± 0.79 
in the normal group, which were significantly different between the 

two groups (P < .001). Conversely, when the 4 measurements that 
can be acquired with a digital pen, coordinates (x, y), time, and pen-
cil pressure were used, writing speed, acceleration of writing speed, 
stroke distance, and two types of stroke interval time can be ac-
quired. For these parameters, only t2/t1 values were found to be sig-
nificantly different between the on leave and normal groups. From 
the results of these preliminary examinations, it could be inferred 
that the stroke interval ratio t2/t1 value is one of the influential indi-
cators of mental health deterioration, and the higher t2/t1 value, the 
higher the risk of mental health deterioration.

Based on this preliminary study, in this study, in order to de-
velop a method for predicting the incidence risk of mental health 
using handwriting duration, a cohort study (follow-up study) was 
performed.

2  | METHODS

2.1 | Study design

In this study, in order to develop a method for predicting the inci-
dence risk of mental health using handwriting duration, a cohort 
study (follow-up study) was performed. The variables used in this 
study were obtained from the Uchida-Kraepelin test, and a digital 
pen was used in the questionnaire.

2.2 | Participants

Out of 256 students in their first year at Toyo University in 2010, 
200 students (127 males, 73 female, age: 18–22), from whom vol-
untary consent was obtained, participated in this four-year cohort 
study. Ultimately, 151 participants (95 males, 56 females) completed 
the entire four-year-long survey.

2.3 | Survey method

The participants took the Uchida-Kraepelin test, in which a digital 
pen is used, and self-administered the GHQ30, which measures 
the level of mental health, every April over four years from 2010 to 
2013. The GHQ30 was distributed to the participants at the time of 
the survey, and completion was checked upon reception.

2.4 | Digital pen15

In this study, the Anoto DP-201 digital pen was used, which can 
record handwriting information at a spatiotemporal resolution of 
13 ms and 0.3 mm. At the tip of the digital pen, there is a charge-
coupled device camera that recognizes 6 × 6 dot patterns on digital 
pen–compatible sheets and identifies the position on the paper with 
an information processor. Since these dots are lined up in either the 
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top, down, left, or right direction from the virtual grid, with a diam-
eter of 0.3 mm, the digital pen can recognize unique dot patterns on 
the paper. Using this digital pen, the participants were asked to fill in 
the digital pen–compatible form in ink just as they do with a normal 
ballpoint pen. During the handwriting session, the location informa-
tion (x, y) of the pen tip and information on the time and pen pressure 
were obtained and temporarily saved in the memory. The stored 
handwriting data was then transferred to a PC via USB/Bluetooth.

2.5 | Uchida-Kraepelin test

The Uchida-Kraepelin test is a stress load test that requires partici-
pants to perform a single-digit addition as fast as they can. The test 
sheet used is a paper on which 115 single-digit numbers are printed 
across 34 rows.16 The participants were asked to view these hori-
zontally aligned numbers according to the instruction of the test CD 
and, from the first row, add the first and second numbers together, 
followed by the second and third number, and so on. The partici-
pants then wrote an answer in the blank between the two numbers. 
If the answer was 10 or greater, they were asked to write the number 
in the unit place; for example, if the answer is 12, they were asked 
to write the units digit “2.” The participants changed the line every 
minute and carried on calculating for 15 minutes (15 rows). After a 
5 minutes break, they took the test for another 15 minutes (15 rows). 
The test results are generally assessed using the added-work curve 
drawn on the paper. However, the added-work curve was not used 
in this study.

2.6 | Mental health questionnaire

In order to measure the mental health of the participants, GHQ30 
was used in this study, which is composed of six scales (general ill-
nesses, somatic symptoms, sleep disturbances, social dysfunction, 
anxiety and dysphoria, and suicidal depression) with five questions 
each.17 In this system, the higher the score, the lower the level of 
mental health (score range: 0-30). GHQ30 was chosen because it 

is a general mental health questionnaire that covers a wide range 
of adult ages. Because this study targeted persons unaffected by 
mental illness, we concluded that a disease-screening questionnaire, 
such as the K10, would not be suitable.

2.7 | Risk indicator for mental health deterioration

From the handwriting data recorded using the digital pen, if the 
stroke interval (at the time when not writing) corresponding to one 
stroke is displayed in terms of logarithmic time (log s), two peaks are 
obtained as shown in Figure 1. The peak on the left side indicates 
the interval between the first and second strokes of the numbers 4, 
5, and 7 and is termed the “interval time within numbers”. Almost 
all Japanese people write the numbers 4, 5, and 7 with two strokes. 
For the number 4, the first stroke is a diagonal and horizontal line, 
whereas the second stroke is a long vertical line. For the number 
5, the first stroke is a vertical and semi-circular line, whereas the 
second stroke is a horizontal line. For the number 7, the first stroke 
is a short vertical line, whereas the second stroke is a horizontal and 
long diagonal line. On the other hand, the peak on the right side 
indicates the interval after finishing writing a number and before 
starting to write the next number and is termed the “the interval 
time between numbers.” The mean logarithmic time of these two-
stroke intervals is expressed as t1 and t2, respectively, and the ratio 
of the two (t2/t1) is regarded as the “stroke interval ratio.” In this 
study, the t2/t1 value was defined as the risk indicator of mental 
health deterioration.

2.8 | Thresholds for mental health deterioration risk

In this study, a clustering method was used to divide the partici-
pants into a high-risk group and a low-risk group for mental health 
deterioration, and the threshold between the two groups was cal-
culated. The clustering method is a classification method that is 
used when there are two or more data items that need to be clas-
sified into several groups (clusters) according to their similarity and 

F I G U R E  1   Distribution of the stroke 
intervals from the handwriting data 
recorded using the digital pen. (The left 
side peak shown in red.) The interval 
between the first and second strokes of 
the numbers 4, 5, and 7 (numbers written 
by two strokes, in general) (the right side 
peak shown in blue). The interval after 
finishing writing a number and before 
starting to write the next number
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distance (dissimilarity).18 In this study, four-dimensional data were 
created using the t2/t1 values over four years and the participants 
were divided into two groups (Group A: participants with larger t2/
t1 values; Group B: participants with lower t2/t1 values) using the 
hierarchical clustering group average method. In addition, in order 
to obtain the t2/t1 threshold between Group A and Group B, the 
four-dimensional vector coordinates that separated the two groups 
were calculated and the mean of these coordinates was regarded 
as the risk threshold for mental health deterioration. Based on this 
threshold, the high-risk group was defined as those at the threshold 
or above, whereas the low-risk group was defined as those below 
the threshold. As a clustering method, MATLAB R2018b Statistics 
and Machine Learning Toolbox were used.

2.9 | Statistical analysis

The appropriate statistical methods were determined after assess-
ing the normality of each variable using the Shapiro-Wilk test. The 
Mann-Whitney U test was used for continuous variables and the 
chi-squared test was used for categorical variables (Fisher’s direct 
method if the expected frequency was below 5) to compare the 
two groups. For items in which a significant difference was noted, 
a residual analysis was performed to check which category was sig-
nificant and items with high significance (or low significance) were 
identified. Moreover, changes over time were analyzed using the 
multiple logistic regression analysis. For all statistical analyses, spss 
(v.24) for Windows was used and all the tests were two-sided (ex-
cept for Fisher’s direct method, which is one-sided) and the statisti-
cal significance level was below 5%.

In this study, the characteristics of the participants in the high-
risk group and the low-risk group in the first year and the handwrit-
ing duration values (t1 and t2) were first examined. Afterward, the 
score of each scale of the GHQ30 between the high-risk group and 
the low-risk group in the first year was examined. Lastly, in order to 
examine whether those in the high-risk group in the first year still 
belonged to the high-risk group in the fourth year, multiple logistic 
regression analysis was used to examine the associations between 
the high-risk group and the low-risk group in the first year and in the 
fourth year.

3  | RESULTS

3.1 | Indicators of mental health deterioration risk 
used in this study

As previously mentioned, the parameters of writing speeding, 
acceleration of writing speed, stroke distance, and two types of 
stroke interval time obtained from data acquired with digital pens 
were correlated with the total GHQ30 score and the values of 
each scale; however, no significant correlations were found for 
any parameter.

3.2 | Threshold for mental health deterioration risk

The mean t2/t1 values for each year from 2010 to 2013 of the two 
groups, Group A and Group B, into which the participants were di-
vided through clustering were as follows: Group A (13.24, 11.68, 
10.69, and 11.69) and Group B (6.12, 5.79, 5.85, and 5.74). In ad-
dition, as a result of calculating the threshold for the t2/t1 values 
between the two groups, the four-dimensional vector coordinates 
were 11.15, 9.95, 9.27, and 9.94, respectively, with the mean of these 

TA B L E  1   Differences in the participants’ and handwriting 
characteristics and GHQ30 scores at 1 year between the low-risk 
and high-risk groups

Low-risk 
groupa  
(n = 141)

High-risk 
groupb  
(n = 10)

P-
value

Participants’ characteristics

Agec 

Year 18.17 ± 0.55 18.00 ± 0.00 .195

Sex (%)d 

Male 93 (66.0)e 2 (20.0)f .006

Female 48 (34.0)f 8 (80.0)a

Handwriting characteristics

t2/t1 ratioc  6.00 ± 1.62 12.14 ± 2.27 .000

t1 ratioc  0.13 ± 0.04 0.10 ± 0.02 .013

t2 ratioc  0.76 ± 0.23 1.26 ± 0.33 .000

GHQ30

Total scorec  5.60 ± 4.55 8.20 ± 4.52 .065

General illnessesc  0.94 ± 0.92 1.30 ± 1.06 .273

Somatic symptomsc  0.96 ± 1.10 1.30 ± 1.25 .332

Sleep disturbancesc  1.14 ± 1.21 1.00 ± 0.67 .855

Social dysfunctionc  0.48 ± 0.85 0.60 ± 0.84 .523

Anxiety and dysphoriac  1.50 ± 1.55 2.80 ± 1.81 .024

Suicidal depressionc  0.59 ± 1.29 1.20 ± 1.75 .196

Risk of mental health disorders

2nd yeard 

Low-risk group 136 (96.5) 4 (40.0) .000

High-risk group 5 (3.5) 6 (60.0)

3rd yeard 

Low-risk group 138 (97.9) 2 (20.0) .000

High-risk group 3 (2.1) 8 (80.0)

4th yeard 

Low-risk group 138 (97.9) 4 (40.0) .000

High-risk group 3 (2.1) 6 (60.0)

Note: Data are presented as the mean ± standard deviation (SD) or the 
number of participants (%).
aLow-risk group (t2/t1 < 10). 
bHigh-risk group (t2/t1 ≥ 10). 
cMann-Whitney U test (two-sided test). 
dChi-squared test (two-sided test). 
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coordinates being 10.08. Based on these results, the threshold for 
the mental health deterioration risk was determined as t2/t1 = 10, 
and the participants were divided into a high-risk group (t2/t1 ≥10) 
and a low-risk group (t2/t1 <10) accordingly. In the first year, 10 par-
ticipants were in the high-risk group and 141 were in the low-risk 
group.

3.3 | Statistical analysis results

3.3.1 | Participant characteristics and 
handwriting duration

The characteristics of the participants and the handwriting duration 
values are shown in the higher section of Table 1. The mean age of 
the participants in the first year was 18.00 ± 0.00 for the high-risk 
group and 18.17 ± 0.55 for the low-risk group; this difference was 
not significant. As for the male-to-female ratio, the high-risk group 
was found to have a significantly higher female ratio compared with 
the low-risk group (Table 1; P < .001). Moreover, in terms of hand-
writing duration, the high-risk group had significantly lower t1 values 
compared with the low-risk group (Table 1; P < .05). Likewise, the 
high-risk group had significantly higher t2 values compared with the 
low-risk group (Table 1; P < .001).

3.3.2 | GHQ30

The mean and standard deviation for the GHQ30 total scores and 
the scores from the individual subscales are shown in the middle row 
of Table 1. These show that in the first year, the high-risk group was 
shown to have higher Anxiety and Dysphoria scores compared with 
the low-risk group (Table 1; P < .05). In addition, it was found that 
the high-risk group tended to have a higher total score in the GHQ30 
compared with the low-risk group (Table 1; P < .10). No significant dif-
ferences were observed between the two groups for other variables.

3.4 | Relationship between the first-year 
distribution to high-risk and low-risk groups and the 
distribution in the second, third, and fourth years

The lower section of Table 1 lists absolute and percentage values for 
individuals who, respectively, belonged to the low-risk group and high-
risk groups in the first year, indicating which group they subsequently 
belonged to in the second, third, and fourth years. From the results of 
a chi-squared test, it was found that individuals in the high-risk group 
in the first year, compared with those belonging to the low-risk group, 
were significantly more likely to belong to the high-risk group in the 
second, third, and fourth years, respectively (Table 1; P < .001 each).

β P OR

95% CI

Lower Upper

Crude

Risk of mental health 
disorders in the 1st year

4.23 .000 69.00 12.54 379.81

Model 1

Risk of mental health 
disorders in the 1st year

4.35 .000 77.41 12.84 466.88

Age 0.47 .592 1.60 0.29 8.99

Model 2

Risk of mental health 
disorders in the 1st year

4.75 .000 115.94 11.60 1,158.46

Sex −0.91 .434 0.40 0.04 3.96

Model 3

Risk of mental health 
disorders in the 1st year

4.84 .000 126.62 12.10 1,325.57

Age 0.41 .630 1.51 0.28 8.14

Sex −0.89 .446 0.41 0.04 4.08

Note: Crude: chi-squared test, P < .001, percentage of correct classifications: 95.36%.
Model 1: risk of mental health disorders in the 1st year, age; chi-squared test, P < .001, percentage 
of correct classifications: 95.36%.
Model 2: risk of mental health disorders in the 1st year, sex; chi-squared test, P < .001, percentage 
of correct classifications: 95.36%.
Model 3: risk of mental health disorders in the 1st year, age, sex; chi-squared test, P < .001, 
percentage of correct classifications: 95.36%.
Abbreviations: CI, confidence interval; OR, odds ratio.

TA B L E  2   Relationship between the 
risks of mental health disorders at 1 and 
4 years
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Associations between the high-risk and low-risk groups in the 
first year and in the fourth year. Table 2 summarizes the results of 
using multinomial logistic regression analysis to examine the associ-
ation between the high-risk and low-risk groups in the first year and 
fourth year, respectively. Compared with those in the low-risk group 
in the first year, those in the high-risk group in the first year had a 
significantly higher rate of belonging to the high-risk group in the 
second, third, and fourth years (Table 1; P < .001). Binominal logistic 
regression analysis (crude) further revealed that those in the high-
risk group in the first year were associated with the high-risk group 
in the fourth year (Table 2; P < .001, odds ratio [OR]: 12.54-379.81). 
Similarly, in each of Model 2 (which considers age), Model 3 (which 
considers sex), and Model 4 (which considers both age and gender), it 
was found that the high-risk group in the first year was significantly 
associated with the high-risk group in the fourth year (for each of 
Models 2, 3, and 4; P < .001, OR: 12.84-466.88; P < .001, OR: 11.60-
11 158.46; P < .001, OR: 12.10–1325.57). These results indicated 
that those in the high-risk group in the first year were more likely to 
belong to the high-risk group in the fourth year, as well, even taking 
into account the effects of age and sex.

3.4.1 | Case of leave of absence from the school or 
quit the school students

Of the 200 volunteer university students, three students took a 
leave of absence from the school or quit the school over the 4-year 
study period. The t2/t1 value, the total score of the GHQ30, and the 
Anxiety and Dysphoria scores were all higher for those who took 
a leave of absence or quit the school (Table 3). While two of these 
three students did not belong to the high-risk group in the first-year 
survey, all three were included in the high-risk group due to the fact 
that in each case their t2/t1 value on the survey conducted in the 

year before they left school was found to be equal to or greater than 
10. These results showed that those who took a leave of absence 
or quit the school had lower levels of mental health and higher lev-
els of anxiety in the first year and, hence, had a higher risk of men-
tal health deterioration. In contrast, the t2/t1 value, the total score 
of the GHQ30, the Sleep Disturbance score, and the Anxiety and 
Dysphoria scores were all lower for those who did not take a leave 
or quit the school in the first year (Table 4).

4  | DISCUSSION

In this study, the threshold for mental health deterioration risk was 
analyzed using the hierarchical clustering group average method. 
As a result, the four-dimensional vector correlates were 11.15, 9.95, 
9.27, and 9.94 for each year, with a mean of 10.08. The threshold 
for the mental health deterioration risk was defined as t2/t1 = 10. 
It has been suggested in previous studies that, between those with 
deteriorated mental health and healthy individuals, the former have 
significantly higher t2/t1values.18,19 The results of this study are in 
line with the findings of these previous studies.

In this study, there was no significant difference in the age 
of the participants between the high-risk group and the low-risk 
group. All participants in this study were university students (18-
22 years of age), representing a small age range. In addition, the 
number of females in the high-risk group was significantly higher 
compared with the low-risk group. In a 2014 survey by the Ministry 
of Health, Labour and Welfare, 1.116 million people had dyspho-
ria, of whom 0.70 million were females, representing a larger 
proportion than males.1 The American Psychiatric Association re-
ported that the prevalence of depression in females in their early 
adolescence is 1.5- to 3.0-fold higher compared with their male 

TA B L E  3   Descriptive statistics at one year of taking a leave of 
absence or quitting the school

Taking a leave or quitting the school 
(n = 3)

1 2 3

Age 18 20 18

Sex Female Female Female

t2/t1 ratio 8.77 7.30 14.19

t1 ratio 0.16 0.17 0.12

t2 ratio 1.36 1.25 1.77

Total score 11 13 17

General illnesses 1 2 3

Somatic symptoms 0 2 0

Sleep disturbances 4 5 2

Social dysfunction 0 0 4

Anxiety and dysphoria 4 4 5

Suicidal depression 2 0 3

TA B L E  4   Descriptive statistics at 1 year of not taking a leave or 
quitting the school

Not taking a leave or quitting the school 
(n = 197)

Mean SD Median Min. Max.

Age 18.18 0.52 18 18 22

t2/t1 ratio 6.36 2.15 5.93 2.01 16.32

t1 ratio 0.13 0.04 0.12 0.07 0.46

t2 ratio 0.81 0.26 0.77 0.42 2.13

Total score 5.77 4.67 5 0 20

General illnesses 0.98 0.97 1 0 4

Somatic symptoms 0.98 1.17 1 0 5

Sleep disturbances 1.13 1.18 1 0 5

Social dysfunction 0.49 0.84 0 0 4

Anxiety and 
dysphoria

1.57 1.63 1 0 5

Suicidal depression 0.61 1.25 0 0 5

Abbreviation: SD, standard deviation.
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counterparts.5 Our present study results coincide with these pre-
vious findings.

In the methods used in this study, we used two kinds of in-
tervals involving calligraphic motion based on handwriting infor-
mation. The t1 value is the interval between the first and second 
strokes of the two-stroke numbers (4, 5, and 7) and was found to 
be inversely correlated with the writing speed (r = −.35, P < .01). 
Therefore, the t1 value is considered to represent the speed of 
“writing.” Meanwhile, the t2 value is the interval after finishing 
writing a number and before starting to write the next number and 
is considered to represent the speed of calculation (thinking) plus, 
until executing the handwriting movement, the related cognitive 
function. Our study results demonstrated that the participants 
in the high-risk group wrote quicker in terms of handwriting but 
slower in terms of executing the writing movement after thinking 
compared with the low-risk group. Patients who suffer from de-
pressive symptoms often report a decline in subjective cognitive 
speed.20,21 Moreover, it has been suggested that depressed pa-
tients have significantly slower information processing speeds, as 
measured by the Paced Visual Serial Addition Test (PVSAT), com-
pared with healthy controls.22 The Uchida-Kraepelin test used in 
this study is quite similar to the PVSAT method; the t2 value indi-
cates cognitive function, with larger t2 values indicating reduced 
cognitive function. Since t2 values were found to be positively cor-
related with t1 values (r = .39, P < .001), among healthy individu-
als, those who calculate quickly can write quickly and those who 
calculate slowly can write slowly. Thus, when normalizing the t2/
t1 ratios using the t1 values, the t2/t1 value becomes larger in the 
high-risk group regardless of the speed of writing, suggesting that 
it may represent a risk indicator for reduced cognitive function (ie, 
mental health deterioration).

The results of this study revealed that the high-risk group in 
the first year had significantly higher scores on the Anxiety and 
Dysphoria scale compared with the low-risk group. This indicated 
that the high-risk group had a higher level of anxiety compared to 
the low-risk group. The Anxiety and Dysphoria scale had a strong, 
positive correlation with the GHQ30 (r = .83, P < .01), and there 
was a difference in the total score of the GHQ30 between the 
high-risk group and the low-risk group (P < .10). Our study findings 
demonstrated that the t2/t1 value used to divide the participants 
into groups was associated with mental health, particularly with 
anxiety.

From the results of this study, those in the high-risk group in the 
first year had a higher rate of belonging to the high-risk group in 
the second, third, and fourth years compared with those in the low-
risk group in the first year. Moreover, the multiple logistic regression 
analysis demonstrated that the high-risk group in the first year was 
significantly correlated with the high-risk group in the fourth year, 
demonstrating that those in the high-risk group in the first year were 
more likely to belong to the high-risk group in the fourth year. These 
results showed that the t2/t1 value that we used as a way to divide 
the participants into groups may be a predictive factor for mental 
health deterioration risk.

Of the 200 volunteer university students, three students took 
a leave of absence from the school or quit the school over the four-
year study period. The t2/t1 value, the total score of the GHQ30, 
and the Anxiety and Dysphoria scores were all higher for those 
who took a leave of absence or quit the school (Table 3). These 
results showed that those who took a leave of absence or quit 
the school had lower levels of mental health and higher levels of 
anxiety in the first year and, hence, had a higher risk of mental 
health deterioration. In contrast, the t2/t1 value, the total score 
of the GHQ30, the Sleep Disturbance score, and the Anxiety and 
Dysphoria scores were all lower for those who did not take a leave 
or quit the school in the first year (Table 4). Therefore, the t2/t1 
value that we used as a way to divide the participants into groups 
can be used as a predictive factor for mental health deterioration 
risk.

There were several limitations in this study. First, there was a 
large gap in the number of participants (n-value) who belonged to 
the high-risk group compared with the low-risk group. When there 
is a large gap in the n-value, the statistical power tends to be re-
duced. Thus, there may be variables that were falsely determined 
as having no statistical difference. Moreover, since only a small 
number of people belonged to the high-risk group, if we increase 
the number of participants in a future study, the significant differ-
ences found in this study may disappear. Secondly, the volunteers 
who participated in this study were Japanese university students. 
Therefore, the same screening procedure may not necessarily be 
recommended for other groups of people, including the elderly and 
people in other countries. Finally, we did not examine the asso-
ciation between mental health deterioration risk and stress. The 
Ministry of Health, Labour and Welfare has required all businesses 
to implement a stress check program beginning from December 
1, 2015.23 Indeed, by examining the association between the t2/
t1 value, the risk indicator for mental health deterioration that we 
have proposed in the current study, and the stress check, we be-
lieve that a feasible screening method for mental health deteriora-
tion could be developed.

The findings of this study suggest that the t2/t1 value, involving 
two types of handwriting durations, represents a promising risk indi-
cator for mental health deterioration.
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