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Abstract

Objectives: Insomnia is associated with physical and mental disorders. We examined the effect of
insomnia on immune functions, focusing on T helper /T helper2 (Th1/Th2) balance by a cross
sectional design.

Methods: We provided a self-administered questionnaire for evaluating sleep habits, smoking,
and medical disorders to 578 men without any toxic exposure (20-64 vears old) and measured
natural killer (NK) cell activity in 324 men and production of interferon-gamma (IFN-y ) and
interleukin-4 (IL-4) after stimulation with phytohemagglutinin (PHA) in 254 men. According to
the criteria of DSM-IV, in which insomnia is classified into primary and secondary msomma, we
assessed the effect of insomnia on immune functions controlling for age and smoking in groups
with and without medical disorders respectively.

Results: The prevalence of insomnia in the present study was 9.2%. In the absence of medical
disorders, insomniac men had a significantly lower IFN-y and IFN- v /IL-4 than non-insomniac
men. Men with insufficient sleep or difficulty initiating sleep (DIS) had a significantly lower IFN-

v /IL4 than those without insufficient sleep or DIS. In the presence of medical disorders,
insommac men had a significantly higher IL-4 than non-insomniac men. Men with difficulty
maintaining sleep (DMS) had a significantly lower IFN- y /IL-4 than men without DMS. NK cell
activity was independent of insomnia.

Conclusions: The present results showed a link between insomnia unrelated to medical disorders
and a shift in Th1/Th2 balance toward Th2 dominance, indicating that sleep quality should be
reconsidered in terms of etiology of immune-related diseases.
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Introduction

Sleep plays a role in host defense, exerting
an influence on immune system. Disrupted
sleep and circadian rhythm alter immune
functions [1-3].  Peripheral blood
mononuclear cell (PBMC) counts and in vitro
PHA-stimulated  1L-2
significantly higher during sleep depnivation
than noctumal sleep [1]. After partial sleep
depnivation, reduction of NK cell activity was
observed [2]. A recent study showed that total

sleep deprivation elevated serum TNF- o

production  are

recepter] and plasma IL-6 levels [4]. Almost
all the findings from the studies on depression,
asthma, HIV, and bactenal infections
supported the existence of the association
between sleep and immune functions [5-9].

Most investigations on the relationship
between sleep and immunity have been
conducted in sleep-deprived humans and
anmmals. However, there have been scarce
findings on immune functions associated with
sleep quality in real life. Insomnia is a lmghly
prevalent complaint [10,11] and the subjects
with insomnia have an increased risk of heart
diseases, diabetes, stroke, anxiety, and
depression [12]. Insomnia also resulis in
impaired performance leading to absenteeism
from work, reduced productivity, and a higher
rate of accidents [12,13]. Thus it is worth
while elucidating the relationship between
insomnia and immunity in order to bring
relief into those problems mentioned above
and to enrich our knowledge about the effects
of insommia on human health.

Thl and Th2 imbalance has an adverse
effect on health and diseases. Thl cells play
an important role in eradicating intracellular
pathogens and are also implicated in many
autoimmune diseases. Th2 cells enhance IgE
productions from B cells and mediate allergic
processes. IFN- vy and IL4 are
representative cytokines secreted from Thl
and Th2 cells, respectively, and IFN- v /1.4
ratio, which reflects Thi/Th2 balance, is of
critical importance in the pathogenesis of
immune-related diseases. In addition, NK cell
functions is partly regulated by Thl/Th2
balance, since NK cells and their cytotoxicity
are promoted by IFN-vy and mhibited by
IL-4. Recently a longitudinal study showed
that those subjects with a lower level of NK
cell activity have an increased risk of cancer
[14]. A rapid progress has been made in
understanding the immune mechanisms
involved in depression, asthma, HIV, and
bactenial infections, and showed the
contribution of Thl and Th2 cells are
significantly important to these mechanisms.
An elevated proinflammatory cytokine level
in sleep loss suggests that Th1/Th2 balance
may be altered in insomnia [4].

The objective of the present study is to
examine a possible link between insommia
and Th1/Th2 balance by a cross sectional
design. We provided a self-admimstered
questionnaire to male subjects for evaluating
the subjective sleep quality and problems and
medical disorders according to DSM- IV

criteria { 15], in which insomnia is subdivided



into primary insommnia and insomnia related to
specific measured
PHA-stimulated IFN- vy and IL4
productions and NK cell activity. In addition
to medical disorders, age [16,17] and
smoking behaviors [17-19] have been
proposed as factors regulating immune

etiologies,  and

functions. Therefore, these factors were also
included in the questionnaire and were
analyzed as confounding factors.

Methods
Subjects

At first, 578 adult men without exposure to
any toxic substances (20-64 years old) were
recruited from an electric  equipment
manufacturing company in Japan. They were
administered a self-check questionnaire for
evaluating sleep habits, smoking behaviors,
and medical disorders. Based on therr
self-reported illness, the subjects were divided
into 263 men who did not have any medical
disorders (20-64 vears old) and 315 men who
had any medical disorders (20-64 years old)
(Table 1). We obtained heparinized blood
samples from the subjects and measured NK
cell activity in 324 men (21-64 years old) and
cytokine productions in 254 men (20-64 years
old) with written informed consent.

Sleep questionnaire

Insomniac individuals were identified using
a steep questionnaire that was developed for
the present study. The most central feature of
insomma is the subjective perception of

inadequate sleep duration or quality [20].
Based on criteria in the previous studies [21],
insomnia was categorized as the perception of
insufficient sleep along with having
experienced one or more of the following
symptoms during the past year: difficuity
initiating sleep (DIS); difficulty maintaining
sleep (DMS); early moming awaking (EMA).

Four questionnaire items provided
information about sleep-associated problems
during the past year:
Q1. Do you sleep well? Possible ratings:
I=very well, 2=well, 3=nommal, 4=poor,
S=fairly poor.
Q2. How long does it take you to fall asleep?
Opened-question.
Q3. Do you tend to wake up frequently
during the might? Possible ratings: 1=no,
2=yes.
Q4. Do you tend to wake up too early in the
morning? Possible ratings: 1=very often,
2=often, 3=occasional, 4—never.
For a definition of insufficient sleep, DIS,
DMS, and EMA, the following criteria were
required following the previous study [22]:
poor sleep; sleep latency exceeding 30
minutes; troubled by nocturnal awakening;
often wake up too early. The prevalence of
mmsomnia in the current study was 92 %
(Table 2). The prevalence of insommnia with
and without any medical disorders was 5.9 %
and 3.3 %, respectively.

Cigarette smoking questionnaire

The number of cigarettes smoked per day
was assessed by a questionnaire.



Table 1. Frequensies of Medical Disorders in 578 Male Workers

Disease categories n
Psychiatric disorders 7
Hypertension 38
Ischemic heart diseases 5
Other heart discases 22
Cerebral infarction and hemorrhage 4
Diabetes mellitus 18
Malignancies 2
Gastrointestinal diseases 88
Liver diseases 16
Renal diseases 15
Musculoskeletal diseases 176
Other disorders 46

— 93—



Table 2. The Prevalence of Insomnia and the Characteristics of Sleep Problems

+ ! -2 Total

Insomnia’ n 53 524 577
% 92 90.8 100

Insufficient sleep n 58 519 577
% 10.1 89.9 100

DIS* n 145 430 575
Y 25.2 748 100

DMS’ n 277 299 576
% 48.1 51.9 100

EMA® n 162 415 577
% 28.1 71.9 100

! The subjects with insomnia and relevant sleep problems.

? The subjects without insomnia and relevant sleep problems.

3 Insomnia = the perception of insufficient sleep along with having experienced
one or more of DIS, DMS, and EMA during the past year.

*DIS = difficulty initiating sleep.

3 DMS = difficulty maintaining sleep.

¢ EMA = early morning awaking,
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Immunological assessments
Preparation  of Peripheral
mononuclear cell (PBMC)
Heparinized blood samples were collected
at 10 am from consenting male subjects. The
cells were stored at room temperature and
processed within 4 h. PBMC were isolated by
density-gradient
Lymphoprep (Nycomed, Osio), according to
the manufacturer’s instructions.  After
isolation, the PBMC were washed twice and
resuspended at 2 X 10%ml in RPMI 1640
medium containing 10% FCS, 2 mM
glutamine, 100 U/ml penicillin and 100 U/ml
streptomycin (Dainippon, Tokyo).

blood

centrifugation on a

Cytotoxicity assay

NK cell activity was measured against
K562 using a standard 4h -"'Cr release assay.
Target cells were labeled with [*'Cr] sodium
chromate (New England Nuclear, Boston,
MA) at 37°C for 1h, washed, and
resuspended at 2 X 10°ml in RPMI 1640
medium containing 10% FCS, 2 mM
glutamine, 100 U/ml penicillin and 100 U/ml
streptomycin.  Labeled target cells were
incubated with effector cells at E: T=20: 1 in
U-bottom 96-well plates at 37°C for 4h
Radioactivity in the
determined by a gamma counter. The assay
was performed in quadruplicate. The
percentage of specific lysis as cytotoxicity
was determined according to the formula: %

supernatant  was

specific lysis = [(mean experimental cpm

release - mean  spontaneous  ¢pm

release)/(mean maximal cpm release - mean

spontaneous cpm release)].

Cytokine assay

For determination of IFN-v and L4, a
whole blood assay was applied [1]. Blood
was drawn into syringes pretreated with
heparin (Beckton-Dickson, NJ, USA) at 10
am and stored at room temperature for no
longer than 4h before the assays. Aliquots of
50 u1 of blood were resuspended under
laminar airflow in 400 x1 of RPMI 1640
medium containing 2 mM glutamine, 100
U/ml penicillin and 100 U/ml streptomycin,
For stimulation of [FN-y and IL4,25 ug
of PHA (Sigma-Aldrich Japan, Tokyo) was
added, dissolved in 50 ul of a medium
containing 50% RPMI and 50% sterile water
{final concentration, 5 ug/ml). At the end
and in the beginning of each measurement, an
unstimulated control was included to exclude
contaminations of blood and reagents. The
samples were incubated for 48 h at 37°C
with 5% carbon dioxide in humidified air.
The supernatants were harvested and stored at
-80°C until assay. The samples were thawed
only once and all cytokine levels were
measured in duplicate by ELISA kits (Human
Immunoassay ELISA kit, BioSource
International, Camarillo, CA), according to
the manufacturer’s instructions.

Statistical Analysis
For statistical analysis, data on IFN- vy,
IL4, IFN- v /L4 were logarithmically
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skewed
distributions (Table 3). Pearson’s correlation

transformed because of their

analysis was performed to evaluate the
associations among age, smoking behaviors,
and immune functions. ANCOVA (analysis
of covariance) was applied to assess the effect
of insomnia and medical disorders on
immune functions controlling for age and
smoking. A p value < 0.05 was considered to
indicate statistical significance. All tests were
two-tailed.

Results
Age, smoking, and immune functions

Age was inversely correlated with NK cell
activity, IFN- v, and IFN- v /IL4 ratio (NK
cell activity: r=-0.171, p=0.002; [FN-vy . r=
-0.181, p = 0.004; IFN- v /IL4 ratio: r =
-0.181, p = 0.004). The number of cigarettes
smoked per day was inversely correlated with
NK cell activity and positively correlated with
IFN- y and TL-4 production (NK cell activity:
r=-0113, p = 0.042; IFN-vy: 0249, p <
0.001; IL4: r = 0229, p <0.001). The results
suggest that both age and smoking should be
adjusted in evaluating the relationship

between insomma and immune functions.

Correlations among immunological variables
As shown in Table 4, there is a strong
positive association between IFN-y and
IL4 levels IFN-y /L4 ratio was more
correlated with IL-4 than with IFN- v .

Insomnia and immune functions

The subjects were divided into 4 groups
according to the presence or absence of
insomnia and medical disorders. One-way
ANCOVA with LSD post hoc was conducted
to assess the effect of insomma on immune
functions controlling for age and smoking. As
shown in Figure 1, NK cell activity was
independent of insomnia. In the absence of
medical disorders, [FN-vy was significantly
lower in insomniac men than non-insomniac
men. In the presence of medical disorders,
IL4 was significantly higher in insommac
men than non-insomniac men. In the absence
of medical disorders, IFN- v /IL-4 ratio was
significantly lower in insomniac men than

NON-INSOMniac men.

Insomniac symptoms and TFN- y /IL-4 ratio

The subjects were divided into 4 groups
according to the presence or absence of
insomniac symptoms and medical disorders.
ANCOVA with LSD post hoc was applied to
assess the effect of insomniac symptoms on
TFN- v /IL-4 ratio. Figure 2 shows that in the
absence of medical disorders, those men who
complained of insufficient sleep had a lower
TFN- v /L4 ratio compared with those who
did not complained of insufficient sleep and
men with DIS had a lower IFN- v /IL-4 ratio
than those without DIS. In the presence of
medical disorders, IFN-y /IL~4 ratio in men
with DMS was lower than those without
DMS. IFN-+v/IL4 ratio was not associated
with EMA.



Table 3. Descriptive Analysis of Immunological and Lifestyle Variables

Variable n Mean ( SD ) Median ( Range
NK cell activity (%) 324 5096 ( 1292 ) 52 ( 7 -7
IFN-y (pg/mi) 251 9518 ( 10553 ) 50 ( 1 - 52
IL4 (pg/ml) 254 1210 ( 138 ) 76 ( 0 - 83
IFN-y / IL4 251 1335 (1425 ) 828 ( 027 - 8750
Age (y) 578 3793 (913 ) 37 ( 20 - 64
Insufficient sleep’ 577 223 ( 092 ) 2 ( 1 -5
DIS (min) 575 1621 ( 1384 ) 10 ( 0 - 100
DMS? 576 148 (0350 ) 1 ( 1 -2
EMA’ 577 298 ( 08 ) 3 ( 1 -4
Smoking (cigarettes/d) 571 1239 (1219 ) 15 { 0 - 60

! sufficient sleep: 1 = very well, 2 = well, 3 = normal, 4 = poor, 5 = fairly poor.
% wake up frequently: 1 =no, 2 = yes.
* wake up too early in the moming; 1 = very often, 2 =often, 3 = occasionally, 4 = never.

Table 4. Correlation Matrix between Immune Functions (n = 251)

IFN-y/
IFN-y L4 IL-4
Variable r p r p r p
IFN-y (pg/ml)
IL4 (pg/ml) 0.68 < 0.001%**
IFN-y/IL4 029 < 0.001*** 048 < 0.001%***

! Pearson's comrelation coefficients. * p < 0.05; ** p <0.01; *** p <0.001.
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Fig. 1. Means (SD) of immunological variables in the presence or absence of insomnia and
medical disorders. The means of immune functions among 4 categories were compared by
ANCOVA (analysis of covariance) with L.SD post hoc controlling for age and smoking.
(NK cell activity) ANCOVA: F (3, 315) = 1.954, p=10.121. Muitiple comparisons (non-insomria
vs. insomnia): without any medical disorders: p = 0.481; with medical disorders: p = 0.335.
(IFN-v) ANCOVA: F (3, 241) = 4829, p = 0.003. Multiple comparisons (non-insomnia vs.
insomnia); without any medical disorders: p = 0.034; with medical disorders: p <0.001.
(IL-4) ANCOVA: F (3, 244) = 3.165, p = 0.025. Multiple comparisons (non-insomnia vs.
insomnia); without any medical disorders: p = 0.949; with medical disorders: p = 0.025.

(IFN- y /IL-4) ANCOVA: F (3, 241) =3 051, p = 0.029. Mulitiple comparisons (non-insomnia vs.
insommia): without any medical disorders: p = 0.013; with medical disorders: p = 0.205.
p <0.05; ** p <001; *** p<0.001.
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Fig. 2. Means (SD) of IFN- v /IL-4 ratio in the presence or absence of insomniac symptoms and
medical disorders. The means of IFN- y /IL<4 among 4 categories were compared by ANCOVA
(analysis of covariance) with LSD post hoc controlling for age and smoking,

(Insufficient sleep) ANCOVA: F (3, 241) =2.696, p = 0.047. Multiple comparisons (non-insomnia
vs. insomnia): without any medical disorders: p = 0.014; with medical disorders: p = 0.415.

(DIS) ANCOVA: F (3, 240) = 3.155, p = 0.026. Multiple comparisons (non-insomnia vs.
insomnia): without any medical disorders: p = 0.009; with medical disorders: p=0.324.

(DMS) ANCOVA: F (3, 241) = 3.062, p = 0.029. Multiple comparisons (non-insomnia vs.
insomnia): without any medical disorders: p = 0.606; with medical disorders: p = 0.006.

(EMA) ANCOVA: F (3, 241) = 0.637, p = 0.592. Multiple comparisons (non-insommia vs.
insomnia). without any medical disorders: p = 0.796; with medical disorders: p =0.436.

*p <0.05; ** p<0.0L; *** p<0.001.



Discussion

In the present study, the subjects were
divided into men with and without medical
disorders according to the criteria of DSM-IV,
in which insomnia is classified into pnmary
insomnia and insomnia related to specific
etiologies, and then, the effects of insomnia
on immune functions was differentially
evaluated. Primary insomnia lacks m any
medical disorders and substance exposures,
and men with this relevant type of insomnia
had a lower IFN-v level and IFN- vy /IL4
ratio than non-insomniac men. Secondary
insomnia is the case in which underlying
medical conditions should be involved as a
cause. Men with relevant insomnia had a
higher IL4 level than non-insomniac men,
whereas there is no significant difference in
IFN-+v and IFN- v /Il4 ratio between them.
In the case with secondary insomnia, however,
it is likely that the results are not absolutely
reliable considering the effects of medication
and the variety of pathophysiology of
respective disorders. Because of a small
number of concurrent insomnia in men with
respective medical disorders, the underlying
mechanisms cannot be reasonably inferred. In
this article, consideration is to be focused on
the results relevant to primary insomnia.

With respect 10 insomniac symptoms, DIS
and insufficient sleep in the absence of
medical disorders were associated with a shuft
in Th1/Th2 balance in favor of type 2. It is
well known that DIS and DMS are sleep
problems typical in anxiety and underlying

conditions such as depression, respectively.
Because psychiatric disorders were excluded
from the case without medical disorders, it is
possible to say the results may suggest that
subclinical anxiety was associated with a
Th2-shift. Only a handful of studies examined
immune alterations in anxiety [23]. This
implication remains to be explored.

IFN- v was lower in insomniac men
medical disorders than
non-insomniac men. IFN-vy /IL4 ratio was
contributed by IL-4 rather than by IFN-vy.
The correlations of IFN-vy and IL-4 with
JFN-y /IL4 ratio was considerably smaller
compared with that between IFN- vy and
TL-4, which indicates that IFN- v /IL~4 ratio is
relatively independent of IFN-vy and 1.4

without

levels. It may be inappropriate to discuss
Th1/Th2 balance using the data on IFN- v or
L~ as alternatives.

However , our present results clearly
indicate a link between insomnia and
Th1/Th2 balance and can be interpreted as
insomnia causing a shift in Th1/Th2 balance
toward Th2 dominance. Among the possible
mechanisms that mediate the effect of sleep
on cytokine productions, the autonomic
system  {ANS) and the
hypothalamic-pituitary-adrepal axis may be
involved in the causality.

ANS is considered to help organize

nervous

immune responses sequentially and spatially
[24]. Sympathetic nerve stimulations by
hyperarousal suppress immunocompetent

cells in the blood stream [24]. Norepinephrine
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and epinephrine inhibit the production of
TL.-12, tumor necrosis factor-alpha (TNF- &),
and IFN-y by antigen-presenting cells and
Thl cells, whereas they stimulate the
production of IL-10 and transforming growth
factor-beta (TGF- § )} [25] Other
neurotransmitters  (eg, neuropeptide Y,
vasoactive intestinal peptide) produced within
the lymphoid microenvironment modulate
several immunological functions including
cytokine productions [26,27]. Together these
studies suggest that sympathetic activation
may contribute to a Th2-shift in Th1/Th2
balance observed in insomniacs.

Glucocorticoids favor Th2 development
[28,29]. Many studies have reported that
sleep loss and disordered sleep increase
plasma cortisol concentration [1,30]. Because,
however, the effect of sleep loss on cortisol
release is generally small, it is unlikely that
cortisol mediates the effect of disturbed sleep
on immune functions. Anyway, as we did not
assess either ANS function or glucocorticoid
level, further should be
undertaken.

On the other hand, insomnia may be the
result of a Th2-shift in Thi/Th2 balance.
Clinical and experimental evidences can

investigation

endorse this hypothesis. Some anti-allergic
drugs sleepiness.
histocompatibility leukocyte antigens (HLA)

association observed in narcolepsy suggests

evoke Human

that autoimmunity plays an important role in
the disorder [31). Sleep quality in infants with

milk allergy suffering from chronic insomnia

became normalized after cow’s milk was
excluded from the diet {32]. In the present
study, DIS unrelated to medical disorders was
significantly associated with a Th2-shift in
Th1/Th2 balance. This agrees with the
previous report showing that spontaneous
sleep is inhibited by IL-4 injection in rabbits
[33].

Furthermore, empirical studies have
revealed a very high prevalence of concurrent
atopic disorder in people with depression,
who almost always complam about
insommac symptoms [34]. Individuals with
allergy  substantially have cholinergic
and J -adrenergic
in  ANS.

autonomic imbalances play a causal role in

hyperresponsiveness
hyporesponsiveness Similar
depressive behaviors as well [35] It is
hypothesized that in ANS
underlies the insomnia-related Th2-shift in
Th1/Th2 balance.

The present results suggest that, when the
effect of a lifestyle factor on human immunity
is to be elucidated, other factors also should
be considered. Most studies to date have
compared the effect of sleep and sleep

imbalance

deprivation on immune functions. Because
we assessed sleep quality non-intrusively,
other factors were controlled. Age-related
decline in NK cell activity and IFN- v /[L~4
ratio observed in the present study coincide
with the findings from the previous studies
[16,17]. Although smoking-induced alteration
in Th1/Th2 balance was not found in the
present study, smoking was entered mto a



general finear model since many studies
showed Th2 dominance in smokers [18,19].
In addition, psychological stress does not
simply act as a sleep-disturbing factor [36],
but suppresses cellular immunity and induces
a shif in Thl/Th2 balance toward a
predominant type 2 cytokine response [37].
Further studies
socio-psychological factors are needed.
Despite the difficulty in interpretation of
the data that is due to the nature of the
cross-sectional design, the present results
indicate that a shift in Thl/Th2 balance

toward Th? dominance in insomnia is worth

controlling for

considering not only from the perspectives of
neuro-immune  interactions but also from
therapeutic and preventive applications for
allergy, autoimmunity and other detrimental
Further studies
including DSM- IV diagnosis of specific

diseases such as cancer

insomnia should be undertaken.
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Relationship between Traumatic Life Events and Alteration
in the Stress Response
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Table 1. t§RlICAH-BHESOEBREY

E-g i BiE
BRKEE 9 167
W IR 57
ZRER 25 355
BEER%E 0 7
T itk 7 71
BT 3 30
BARESF 3 16
XIS/ RAT 0 22
Ex 0 7
B®4& 6 112
BERT 23 141
HERRIT 10 16
HADEH 4 65
ayy 4 29

Table 2. HHEFEOEFHH

BFRREHR
Factor 1 Factor 1 Factor Il  Factor IV

B 0.55
EERG 0.33
RE-IRHE 0.33
BREE 0.31
ZEBH 0.26
HE38 0.18
TD1th 0.29
MADEY 0.23
EXORN 0.18
397 0.14
BiRER 0.32
kd: ok Wi 0.29
=17 0.18
X R1T 0.15
EizEOARETEAI SF 1.58 1.14 0.81 0.75

Rif% 11.27 19.40 25.21 30.54

)Ty O AERRIZ X DEFHHT



Table 3. HEFDHMICLIEREDLLE

event 2L event Y
(n=2256) (n=703) F
Mean SE Mean SE
Male SDS 4120 015 4253 027 1836
—NUAERRE 3311 040 4490 071 7.23
hotvs BRE 3255 0.1 3352 019 1053
hotvs BEE 6520  0.23 6550 041 1.56
HS5tvs LEEYHR—k 1097 005 1083 0.9 0.00
hotuy EEYR—k 1148 003 1142 006 0.10
Female SDS 4150 048 4272 082 207
D—NUFERE 3151 129 4413 220 2467
hotvs BERE 2937 036 3120 061 7.24
hotvy BREHE 5993 068 5970  1.17 0.89
Hhotvs ERYHR—k 1085 0.18 1089  0.31 0.46
Hotvy EMRYHR—+ 1132 013 11.11 022 0.47

FHEHTELLI- ANCOVA* p<005



Table 4.

BEFEOBERESRADLE
ARREL El+1 BEF2 EF3 EF4 .
THE SE T SE  FHE SE FE SE TiE SE

Male  SDS 4119 015 ® 4338 498 4167 034 = 4362 045 * 4420 1.19 > 794

e AN

3312 040 *° 3658 1330 4361 092 ™ 4697 121 “ 4728 318 ° 5421
FERE
AIWIT s 041 * 3132 354 3324 024 * 3406 032 ™ 3268 085 6.07
R
Hhotud

6520 0.23 6301 769 6578 053 6559 070 6242 184 0.93
HEIE
jj_ 1Y
TV 097 005 1144 159 1096 011 1061 014 1078 038 152
EEH—k
HhStus

11.48 003 1096 114 1155 008 1122 010 1124 027 190
MR —

Female SDS 4151 048 4327 154 4373 109 3939 1.99 195
TN s 129 4237 415 ° 4421 293 ° 4655 535 ° 830
R 1L 37 a 21 2. 55 5. .
Hotud

2937 036 ° 2034 114 b 3252 081 * 3032 147 434
EKEE
PIEIT ca9s 068 5787 218 5871 154 6526 281 169
NSEIT L ies 018 1073 059 1056 042 1242 076 1,60
ey 1085 0 73 0. 56 0. 42 0. _
Hhotruy

1133 0.13 1081 041 1107 0. 11.87 053 107
et 07 0.29 87 05 0

FiF TR ELT- ANCOVA

* p<005 FRfTROBITZAZPAVEIZEEELNHD



