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Study Objectives: The present study investigated whether 
bright light exposure during the fi rst half of the evening/night 
shift combined with light attenuation in the morning is effec-
tive in improving sleep problems in nurses undertaking rotating 
shift work who suffer from clinical insomnia.
Methods: This was a prospective, randomized control study. 
The Insomnia Severity Index (ISI) and the Hospital Anxiety 
Depression Scale (HADS) were used to evaluate insomnia 
and anxiety/depression severity, respectively. Female hospi-
tal nurses on rotating shifts during the evening or night shift 
with an ISI score > 14 were enrolled. Subjects in the treatment 
group (n = 46) were exposed to bright light at 7,000-10,000 lux 
for ≥ 30 minutes. Exposure was continued for at least 10 days 
during 2 weeks, and the subjects avoided daytime outdoor sun 
exposure after work by wearing dark sunglasses. Subjects in 
the control group (n = 46) were not exposed to bright light, 
but also wore sunglasses after work. Statistical analyses 
were performed to examine group differences and differences 
across treatments.
Results: After treatment, the treatment group showed signifi -

cant improvements in the ISI score and the HADS total and 
subscale scores as compared with pre-treatment. The ISI, 
HADS, and subscales of the HADS scores were signifi cantly 
improved across treatments in the treatment group as com-
pared with the control group.
Conclusions: The design of this study is easy to put into prac-
tice in the real world. This is the fi rst study to document that 
a higher intensity and briefer duration of bright light exposure 
during the fi rst half of the evening/night shift with a daytime 
darkness procedure performed in rotating shift work female 
nurses suffering from clinical insomnia could improve their in-
somnia, anxiety, and depression severity.
keywords: Bright light, circadian rhythm, shift work, rotating 
shift, insomnia, anxiety, depression, nurses
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Insomnia is common in the general population. From the 
review study of Ohayon,1 about one-third of the general 

population suffers symptoms of insomnia. The prevalence is 
between 9% and 15% when daytime consequences of insomnia 
are taken into account. A strong association between insomnia 
and anxiety/depression is also found in the community and in 
hospitals.2,3 Chronic insomnia may aggravate the severity of 
anxiety and depression.4-6 In addition, while insomnia or exces-
sive sleepiness is a risk factor for depression in all individuals, 
it is a much greater risk factor in rotating or night shift workers.7

Shift work disorder (SWD) is a circadian rhythm sleep dis-
order characterized by sleepiness or insomnia that can be at-
tributed to the person’s work schedule. According to second 
edition of the International Classifi cation of Sleep Disorders 
(ICSD-2),8 the major feature of circadian rhythm sleep disorder 
is “a misalignment between the patient’s sleep pattern and the 
sleep pattern that is desired or regarded as the societal norm.” 
People who work shifts have great diffi culty adjusting their 
internal clocks and develop SWD due to a mismatch between 
the sleep/wake schedule required by their jobs and their own 
circadian sleep/wake cycles. It is estimated that around 20% 
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of the US and 35% of the Taiwan labor force works night, 
evening, or rotating shifts,9,10 and that 10% of these individu-
als suffer from SWD.7 Circadian misalignment can be caused 
by shift work. The resulting circadian misalignment associated 
with shift work can produce signifi cant morbidity associated 
with disturbed sleep11,12 and impaired alertness.13,14 The longi-
tudinal study of Bara and Arber15 found that women’s mental 
health and anxiety/depression were more adversely affected by 

bRIEF SUMMARY
Current knowledge/Study Rationale: Bright light exposure during the 
fi rst half of the night shift and daytime darkness have been shown to 
improve daytime sleep and nocturnal functioning in nurses working the 
night shift. We aimed to investigate the effectiveness of bright light ex-
posure during the fi rst half of the evening/night shift combined with light 
attenuation in the morning in nurses undertaking rotating shift work who 
suffer from clinical insomnia.
Study Impact: Bright light exposure with morning time darkness is ef-
fective to improve insomnia, anxiety, and depression severity in rotating 
shift work female nurses suffering from clinical insomnia. The design of 
this study is easy to put into practice in the real world.
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varied shift patterns than by night work. Nurses are the largest 
working group in a hospital and most are on a rotating shift 
work schedule. Research has shown that shift work, in particu-
lar night work, can have negative effects on the health, safety, 
and well-being of nurses.16,17 The prevalence of depression is 
significantly higher in those who work rotating and night shifts 
than in day workers.7 Lin et al.18 also found that female nurses 
who have a rotation shift work schedule tend to experience poor 
sleep quality and mental health in Taiwan.

Light is the dominant environmental time cue that entrains 
the human circadian clock to a 24-h day, and the timing of light 
exposure will determine whether the internal clock is phase de-
layed or advanced.19 Using this principle, bright light exposure 
during the first half of the night shift and daytime darkness have 
been shown to improve daytime sleep and nocturnal function-
ing in night shift workers.20,21

However, no studies have investigated whether bright light 
exposure could improve sleep problems in nurses working rotat-
ing or night shifts with moderate to severe insomnia (clinical in-
somnia). The aim of the present study was to investigate whether 
bright light exposure during the first half of the evening/night shift 
combined with light attenuation in the morning would be effective 
in improving sleep problems in nurses working rotating shifts dur-
ing the evening/night shift who suffer from clinical insomnia in a 
hospital setting. In addition, we also investigated the changes in 
the anxiety and depression scores after bright light intervention.

METHODS

Study Design
This was a randomized controlled study performed to assess 

the effectiveness of bright light exposure in treating insomnia, 
anxiety, and depression in female nurses working a 3-shift rotation 
during the evening/night shift. The project was approved by the 
Institutional Review Board of Chang Gung Memorial Hospital. 
The inclusion criteria were: (1) a score on the Chinese version of 
the Insomnia Severity Index (ISI)22 > 14; (2) rotating-shift female 
nurses working the evening/night shift; (3) 3-shift rotation includ-
ing day, evening, and night shifts in the most recent 6 months; 
and (4) the same work schedule during treatment. The exclusion 
criteria were: (1) substance abuse or dependence according to the 
criteria of the Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition (DSM-IV),23 including caffeine, alcohol, 
nicotine, and over-the-counter sleeping pills; and (2) unstable 
physical conditions. Participants were randomly divided into 2 
groups, the treatment group and the control group. Randomization 
was performed using a random digit table. An even number was 
allocated to the treatment group and an odd number was allocated 
to the control group. All subjects completed the Chinese version 
of the Hospital Anxiety and Depression Scale (HADS)24 and the 
ISI during work before and after intervention. This study was per-
formed in a real workplace. Subjects in the treatment group were 
exposed to artificial bright light of 7,000-10,000 lux for ≥ 30 min; 
evening shift exposure took place between 19:30 and 20:30, while 
night shift exposure occurred between 23:00 and midnight. Dur-
ing exposure, the subjects undertook charting or reading. Light 
was delivered by an Apollo briteLITE 6. A light box was placed 
at a 45 degree angle from the face, just above eye level. Light 

exposure of 7,000-10,000 lux could be obtained at a distance of 
around 70 cm from the light box to the nurse. Light intensity was 
measured using a Lutron Electronic LX-1102 light meter. Ward 
illumination at night is maintained in the range of 100-400 lux 
in our hospital. Treatment was continued for ≥ 10 days during 2 
weeks, and daytime outdoor sun exposure after work and before 
sleep was avoided by the subjects by wearing dark sunglasses 
with UV protection, including on off-days. The subjects in the 
control group were not exposed to artificial bright light, but also 
wore sunglasses to avoid outdoor sun exposure after work and 
before sleep. Other aspects of lifestyle were not changed, includ-
ing off-days, in either group. Subjects who used sleep medications 
did not change the pattern of use across the treatment duration. All 
participants were reminded of the study procedure by a telephone 
call before and after work to enhance protocol adherence.

Subject Enrollment
This study was conducted at a medical center in northern 

Taiwan from May 1, 2009, to March 31, 2010. Around 2,500 
three-shift rotating nurses in the most recent 6 months received 
information regarding the study by e-mail and during nursing 
meetings in the hospital in May 2009. Using t-tests and a one-
sided type I error of 5%, we estimated that 50 participants in each 
group would be necessary to achieve a power of 80% to detect 
the effect size at 0.5. One hundred two nurses agreed to join this 
study. Ten participants were excluded because their pre-treatment 
ISI score was < 15. A total of 92 rotating-shift female hospital 
nurses working the evening shift (4 pm to midnight) or night shift 
(midnight to 8 am) with an ISI score > 14 were recruited. Written 
informed consent was obtained from all participants before study 
enrollment. Forty-six subjects were in the treatment group, and 
the remainder were in the control group. All subjects completed 
the study procedure reported by themselves.

Instruments

Insomnia Severity Index (ISI)
The ISI, developed by Morin, is a 7-item self-rated scale 

designed to assess subjective perception of the severity of in-
somnia.22 The scale contains items including difficulty falling 
asleep, difficulty maintaining sleep, early morning awakening, 
satisfaction with sleep, concerns about insomnia, and the func-
tional impact of insomnia. The total score, ranging from 0 to 28, 
can be used to categorize patients into different levels of insom-
nia severity (0-7, no clinically significant insomnia; 8-14, sub-
threshold insomnia; 15-21, clinical insomnia, moderate severity; 
> 21, clinical insomnia, severe severity).22 A total score > 14 
represents moderate to severe insomnia. The scale was found 
to have an adequate internal consistency (Cronbach α = 0.74).25 
The Insomnia Severity Index-Chinese version also has a good 
internal consistency, with a Cronbach α coefficient of 0.94.26 The 
Cronbach α of the ISI before treatment in this study was 0.65.

Hospital Anxiety and Depression Scale (HADS)
The HADS24 is a 14-item self-rated scale designed to assess 

clinically relevant anxiety and depression. It is divided into an 
Anxiety subscale (HADS-A) and a Depression subscale (HADS-
D), both containing 7 intermingled items. The original English 
version has been translated into and validated in many languages, 
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including Chinese.27 In most studies an optimal balance between 
sensitivity and specificity was achieved when caseness was de-
fined by a score ≥ 8.28 The HADS, HADS-A, and HADS-D be-
fore treatment had good internal consistency in this study, with a 
Cronbach α coefficient ranging from 0.72 to 0.82.

Statistical Analysis
Statistical analyses were performed using the Statistical 

Package for the Social Sciences (SPSS 17.0) for Windows 7. 
The demographic data of the treatment group and the control 
group were compared using Student t-test, the χ2 test, or Fisher 
test. The independent-samples t-test was used to compare the 
differences in the scores for insomnia, anxiety, and depression 
between the 2 groups before and after treatment. We used the 
paired-samples t test to assess the effectiveness of bright light 
exposure (change from pre-treatment to post-treatment in each 
group). All continuous variables were compared across both 
groups using an analysis of covariance model (ANCOVA) to 
assess the change from pre-treatment, with pre-treatment as 
the covariate. We also used ANCOVA to compare the changes 
in anxiety and depression severity in both groups, with the ISI 
change from pre-treatment to post-treatment as the covariate. 
The Pearson correlation was used to assess the correlations be-
tween the changes in the ISI, HADS-A, and HADS-D scores. 
All statistical tests were 2-sided, and a significance level of 0.05 
was used for all comparisons.

RESULTS

During the study period, all subjects completed the study and 
did not use psychotropic medication other than sleep medications. 
All subjects reported that they did not change their lifestyle, such 
as mealtimes, exercise periods, sleep/wake schedule, and pattern 
of alcohol/substance/medication use, including off-days, during 
the study. Although none of the participants met the diagnosis of 
substance dependence or abuse, 19 nurses (20.7%) use one cup of 
caffeinated drink per day habitually. Ten subjects were in the treat-
ment group; the remainder were in the control group. There was 
no significant difference between the two groups. Most subjects 
(93.6%) did not use sleep medications; 6 participants used sleep 
medications (zolpidem or lorazepam) prescribed by physicians. 
Table 1 shows the demographic data of both groups of partici-
pants. All demographic data were comparable between groups, 
including previous work schedule and sleep medications use.

Differences in ISI, HADS, HADS-A, and HADS-D between 
Treatment and Control Groups before and after Treatment

There were no significant differences in the ISI, HADS, 
HADS-A, and HADS-D scores between the groups before 
treatment. The treatment group had significantly lower scores 
on the insomnia, anxiety, and depression scales than the control 
group after treatment (Table 2).

Differences across Treatment in ISI, HADS, HADS-A, 
and HADS-D between Treatment and Control Groups

After treatment, the treatment group exhibited significantly im-
proved ISI, HADS, HADS-A, and HADS-D scores as compared 
with pre-treatment (paired-samples t test, all p < 0.001). Depres-
sion became worse after treatment, as measured by the HADS and 

HADS-D, in the control group (paired-samples t test, p < 0.001). 
The mean changes in the scores of the ISI, HADS, HADS-A, 
and HADS-D from pre-treatment in the treatment group were 
-12.2 ± 5.1, -6.6 ± 5.1, -3.8 ± 2.8, and -2.8 ± 3.4, respective-
ly; while those in the control group were -0.2 ± 1.7, 1.5 ± 2.5, 
0.2 ± 1.3, and 1.3 ± 1.8, respectively. For subjects in the glasses-
only group, the pre-treatment depression score was categorized 
as either a HADS-D score < 8 or ≥ 8. The mean changes in the 
scores of depression across treatment in the HADS-D < 8 group 
and ≥ 8 group were 1.9 ± 1.8 and 0.3 ± 1.0, respectively. The 
depression score became worse only in the group with a HADS-
D < 8 (paired-samples t test, p < 0.001). Relative to the control 
group, the scores of the ISI, HADS, HADS-A, and HADS-D 
significantly improved across treatment in the treatment group 
according to ANCOVA (all p < 0.001; Figure 1). After treatment, 
in the treatment group 37 nurses (80.4%) met the criterion for no 
insomnia (ISI < 8). Meanwhile, no nurse met the criterion for no 
insomnia in the control group.

Differences across Treatment in the ISI, HADS, HADS-A, 
and HADS-D between Evening and Night Shift Nurses in 
Treatment and Control Groups

The scales of the ISI, HADS, HADS-A, and HADS-D were 
not significantly different between nurses undertaking the eve-
ning and night shifts in either group. We analyzed whether the 

Table 1—Demographic data of the treatment and control 
groups

Variables
Treatment 

(n = 46)
Control
(n = 46)

Age (years), M ± SD 30.2 ± 4.5 30.3 ± 4.7
Employment (years), M ± SD 5.1 ± 4.7 5.3 ± 4.8
Education, n (%)

14 years 14 (30.4) 16 (32.6)
16 years 32 (69.6) 30 (67.4)

Marital Status, n (%)
Single/divorced/separated 39 (84.8) 36 (78.3)
Married 7 (15.2) 10 (21.7)

Department, n (%)
Surgery 21 (45.7) 21 (45.7)
Internal Medicine 20 (43.5) 21 (45.7)
Psychiatry 5 (10.9) 4 (8.7)

Character of ward, n (%)
Acute ward 42 (91.3) 46 (100)
Intensive care unit 4 (8.7) 0 (0)

Three-shift rotation: Work schedule last month, n (%)
Day shift 16 (34.8) 19 (41.3)
Evening shift 17 (37.0) 16 (34.8)
Night shift 13 (28.3) 11 (23.9)

Three-shift rotation: Current work schedule, n (%)
Evening shift 32 (69.6) 30 (65.2)
Night Shift 14 (30.4) 16 (34.8)

Prescription sleep medications use, n (%)
Yes 1 (2.2) 5 (10.8)
No 45 (97.8) 41 (89.1)

All variables p > 0.05. M ± SD, mean ± standard deviation.



644Journal of Clinical Sleep Medicine, Vol. 9, No. 7, 2013

LB Huang, MC Tsai, CY Chen et al

changes in the scores for insomnia and mood might differ be-
tween evening and night shift workers in the treatment group. 
The mean changes in the scores of the ISI, HADS, HADS-A, and 
HADS-D from pre-treatment in the evening shift workers were 
-11.3 ± 5.5, -6.4 ± 5.1, -3.8 ± 2.8, and -2.7 ± 3.2, respectively; 
while those in the night shift workers were -14.1 ± 3.5, -7.1 ± 
5.2, -4.0 ± 2.9, and -3.1 ± 3.8, respectively. There were no signifi-
cant differences in the insomnia/mood scores across treatment 
between the evening and night shift workers in either groups.

Changes in HADS, HADS-A, and HADS-D scores between 
Groups after Controlling for Severity of Insomnia

We analyzed whether the changes in anxiety and depression 
directed the change in insomnia severity. After treatment, the 

correlations between the changes in the severity of insomnia, 
anxiety, and depression were high (Pearson correlation between 
0.515 and 0.693, p < 0.001). The treatment group nevertheless 
had significantly decreased scores on the HADS, HADS-A, and 
HADS-D after treatment as compared with the control group, 
even when the factor of ISI change was controlled (all p < 0.001).

DISCUSSION

To the best of our knowledge, this was the first randomized 
control study to investigate the effectiveness of bright light 
exposure at night with attenuation of morning light in female 
nurses undertaking rotating shift work suffering from clinical 
insomnia during the evening/night shift. Our study found that 
bright light therapy of 7,000-10,000 lux for at least 30 min-
utes at night for at least 10 days during 2 weeks significantly 
improved the sleep problems of nurses working the evening 
or night shift. Studies have found that bright light exposure 
improves daytime sleep and nocturnal alertness21,29 in nurses 
working the night shift. However, the subjects in these studies 
did not necessarily have insomnia. The study of Yoon et al.21 
also found that these improvements could be maximized by at-
tenuation of morning light on the way home. Light attenuation 
in the morning only was found to be ineffective in improving 
insomnia in our study.

There is no consistent design of bright light therapy for eve-
ning/night shift workers, including schedule, intensity, and du-
ration. Various light intensities, from 1,200 to 10,000 lux, with 
durations of exposure ranging from 3 to 6 hours, have been used 
successfully to realign circadian rhythms and improve perfor-
mance and sleep during the night shift.20,21 Previous studies30,31 
have recommended that either intermittent or continuous light 
exposure begins early in the shift and terminates approximately 
2 hours before the end of shift, with the wearing of sunglasses 
outdoor in the morning was efficacious for phase delay. Im-
portantly, a delayed circadian phase was found to be positively 
correlated with improved sleep, even in the control group, in 
subjects during the night shift.31,32 The design of our treatment 
procedure is easy to put into practice in the real world. Higher 
intensity and shorter bright light exposure once before work or 

Table 2—Differences in the severity of insomnia, anxiety, and depression between the two groups pre- and post-treatment
Variables Treatment group Control group 95% CI Statisticsa

ISI
Pre-treatment 17.9 ± 2.5 17.1 ± 2.3 -0.22, 1.78 p = 0.123
Post-treatment 5.7 ± 5.0 16.9 ± 3.2 -12.91, -9.44 p < 0.001

HADS
Pre-treatment 16.2 ± 5.5 15.1 ± 6.3 -1.33, 3.60 p = 0.364
Post-treatment 9.6 ± 3.9 16.6 ± 5.9 -9.09, -4.95 p < 0.001

HADS-A
Pre-treatment 9.1 ± 3.3 8.8 ± 3.7 -3.43, 2.56 p = 0.133
Post-treatment 6.1 ± 2.7 9.0 ± 3.5 -4.21, -1.62 p < 0.001

HADS-D
Pre-treatment 6.3 ± 0.6 6.3 ± 3.5 -1.45, 1.49 p = 0.977
Post-treatment 3.5 ± 1.9 7.6 ± 3.2 -5.21, -3.01 p < 0.001

ISI, Chinese version of the Insomnia Severity Index; HADS, Chinese version of the Hospital Anxiety Depression Scale; HADS-A, anxiety subscale of the 
HADS; HADS-D, depression subscale of the HADS; CI, confidence interval. aIndependent-samples t test.
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Figure 1—Mean change in the ISI, HADS, HADS-A, and 
HADS-D scores after treatment in the treatment and control 
groups

All p < 0.001 between groups. Note: p-values reflect the results of the 
change from the pre-treatment analyses using ANCOVA. ISI, Chinese 
version of the Insomnia Severity Index; HADS, Chinese version of the 
Hospital Anxiety Depression Scale; HADS-A, anxiety subscale of the 
HADS; HADS-D, depression subscale of the HADS.



645 Journal of Clinical Sleep Medicine, Vol. 9, No. 7, 2013

Light/Dark Exposure to Treat Insomnia in Nurses
in a break during the first half of the evening/night shift and 
a daytime darkness procedure were implemented in our study.

The study of Drake et al.7 found that insomnia or daytime 
sleepiness is a risk factor for major depression, but it is a much 
greater risk factor for rotating or night shift workers. A sys-
tematic review by Even et al.33 examined the efficacy of light 
therapy in nonseasonal depression. They found that bright light 
monotherapy is efficacious in treating seasonal depression, but 
its efficacy in treating nonseasonal depression is inconsistent. 
This is the first study to report that in female nurses working 
rotating shifts, anxiety and depression scores were significantly 
improved after bright light therapy, even when the change in in-
somnia severity was controlled. It must be noted that the mean 
HADS-D score as a group was not above the cutoff point (≥ 8) 
according to the criteria for depression either before or after 
intervention in our study, but the scores were high. Besides, the 
nurses were not diagnosed with depression, nor was the clini-
cal severity of depression evaluated in this study. Some factors 
may contribute to these findings, such as (1) according to the 
general criteria of the International Classification of Sleep Dis-
orders, 2nd ed. (ICSD-2)8 for insomnia, depressive symptoms 
related to nighttime sleep difficulty are commonly reported by 
insomniacs; (2) treating insomnia in patients with major depres-
sive episode improves mood problems other than insomnia.34-36 
It must be mentioned that light therapy is not the only choice 
of treatment for insomnia or depression. Subjects undertaking 
shift work can improve insomnia and mood problems through 
pharmacotherapy, behavioral therapy, or other therapy.

There were some primary limitations in our study. First, this 
study was not a double-blind study, and “placebo effects” should 
be considered. The subjects in both groups might work in the 
same unit, and the use of a sham light box (a light box of a much 
lower intensity or red light) in the control group would be able 
to be detected by the controls, who would discern the differ-
ence. Therefore, we considered that the “placebo effect” could 
not have been solved by the use of a sham light box. Second, 
as this study was performed in a real workplace, it was diffi-
cult to measure the differences in endogenous circadian rhythm 
change and the real intensity and duration of light exposure in 
groups. Aoki et al.37 reported melatonin could be suppressed 
by light intensities of around 300 lux. However, compared to 
ordinary room light (< 250 lux), Martin and Eastman38 found 
that medium- and high-intensity light, approximately 1,230 lux 
and 5,700 lux, respectively, for 3 hours, significantly increased 
the percentage of subjects who adapted to the night shift, as 
measured by temperature rhythm phase shifts. Larger phase 
shifts were correlated with more sleep and less fatigue. Third, 
we only used questionnaires to measure the severity of insom-
nia, anxiety, and depression in the nurses working shifts. We 
were not able to confirm the diagnosis of insomnia, because 
subjects might suffer from shift work disorder (SWD), primary 
insomnia, insomnia due to mental disorders, or other insomnia-
related disorders. According to data from the Detroit tri-county 
population, 32.1% of night workers and 26.1% of rotating shift 
workers suffer from insomnia or excessive sleepiness. Thus, 
the “true prevalence” of SWD in the night- and rotating-worker 
samples was 14.1% and 8.1%, respectively.7 In a study per-
formed in Norway,39 it was found that 44.3% of nurses work-
ing on a three-shift rotation met the criteria of SWD by asking 

shift work-related symptom questions. Fourth, although the 
study was a randomized control study, we did not assess the 
differences in rotation patterns, lifestyle during days off, and 
off-work periods in the groups. Circadian misalignment might 
be aggravated by these factors. Rotation patterns such as the 
number of shifts separated by less than 11 hours and the num-
ber of nights worked were found to be positively associated 
with SWD in the study of Norwegian nurses.39 Lin et al.18 also 
reported that rotation shift nurses who had at least two days 
off after their most recent night shift showed significantly im-
proved sleep quality and mental health. Finally, 67.4% of the 
subjects in the present study were working the evening shift, 
and 32.6% were working the night shift. In this study, different 
timings of bright light exposure were employed in the evening 
and night shift groups. No significant differences were found in 
the change of insomnia/mood scales across treatment in treat-
ment and control groups. However, since statistical power is 
reduced by dividing the subjects into smaller subgroups by shift 
schedule, further studies would be indicated to assess effective-
ness under the two different situations.

In conclusion, the design of this study is easy to put into 
practice in the real world. Female nurses working the evening/
night shift with insomnia can improve their sleep problems by 
higher intensity and shorter bright light exposure once before 
work or in a break during the first half of work combined with 
a daytime darkness procedure. In addition, anxiety and depres-
sion scores can be improved after intervention.
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