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Development of a Novel Questionnaire Evaluating
Disability in Activities of Daily Living in the Upper
Extremities of Patients Undergoing
Maintenance Hemodialysis
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Abstract: The aim of the present study was to develop a
novel questionnaire evaluating disability in the activities of
daily living in the upper extremities of hemodialysis (HD)
patients (QDUE-HD). We recruited 83 patients (40 males
and 43 females) aged 66 * 8 years, and measured their
muscle strength and range of motion in the upper extremi-
ties. Moreover, 14 patients performed a six-week exercise
training regimen (the exercise group) and were compared
with 15 patients not performing such training (the control
group). In an initial questionnaire consisting of 37 items, 30
were taken from the Disabilities of the Arm, Shoulder and
Hand questionnaire and the Activities of Daily Living Test,
and the remaining seven were selected from activities that
HD patients perceived as impossible or extremely difficult
to perform. The principal factor analysis focused on 11

items, as 26 showing floor and ceiling effects were excluded.
These 11 items were divided into two categories consisting
of six items termed “light work” and five termed “holding
activities”. The scores for light work and holding activities
correlated significantly and positively with both muscle
strength and range of motion in the upper extremities.
These scores increased significantly after the six-week exer-
cise training as compared with those before training in the
exercise group. We conclude that the QDUE-HD is clini-
cally useful for evaluating disability in activities of daily
living in the upper extremities of HD patients because of its
high reliability, validity and responsiveness. Key Words:
Activities of daily living, Disability, Hemodialysis patient,
Questionnaire, Upper extremity.

Because the number of elderly patients with end-
stage renal disease (ESRD) on maintenance hemo-
dialysis (HD) is increasing annually in Japan (1),
improvement in their quality of life (QOL) is consid-
ered to be one of the main goals of maintenance
HD treatment (2). Maintaining the ability to perform
activities of daily living (ADL), such as eating, dress-
ing, bathing, walking and housekeeping, is essential
for HD patients to prevent QOL deterioration,
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because ADL disability is known to be one of the
causes of worsening QOL (3). It is generally accepted
that HD patients have greater decreases in physical
function and more severe ADL disability than age-
matched, non-HD patients (4,5). It has also been
reported that the initiation of HD not only markedly
elevated mortality, but also reduced the ability to
perform ADLs in elderly patients with ESRD (6).
In addition, it is well known that the proportion
of HD patients who suffer from dialysis-associated
musculoskeletal disorders increases gradually with
prolongation of the duration of HD (7). Recent
studies have shown that the function in the upper
extremities of HD patients is lower than that of
healthy adults and decreases with the prolongation of
HD duration (8,9). It has been also demonstrated
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that dialysis-associated musculoskeletal disorders, in
particular carpal tunnel syndrome and destructive
spondyloarthropathy, often cause the impairment of
upper extremities resulting in the deterioration of
physical function in HD patients (8,9). Although
many studies have described disability in basic self-
care activities and locomotion in HD patients, few
have documented ADL disability focusing on the
upper extremities (10).

Recently, the Functional Independence Measure
(FIM) has come into widespread use for evaluating
the effects of rehabilitation on ADL disability in
patients suffering from cerebral vascular disease or
musculoskeletal disorders (11). However, it appears
to be difficult to precisely evaluate ADL disability
using the FIM in community-dwelling individuals
who rarely need ADL assistance, because the FIM
evaluation is based on how much assistance is needed
to perform the ADL. On the other hand, scales that
measure perceived difficulty are more useful for
evaluating the severity of ADL disability in patients
who do not need assistance in performing the ADL,
because such scales can rate their ability to perform
these activities from no difficulty to severe difficulty.

The aim of the present study was to develop a
novel questionnaire evaluating ADL disability in
the upper extremities of HD patients (QDUE-HD)
indicating perceived difficulty, and to examine its reli-
ability, validity and responsiveness. In addition, we
examined whether or not the FIM was suitable for
accurate evaluation of ADL disability in outpatients
receiving maintenance HD treatment.

PATIENTS AND METHODS

Study protocol

The study protocol was approved by the Ethics
Committee of Kitasato University, and informed
consent was obtained from each patient after a
detailed explanation of the protocol. This was
designed as a prospective study, consisting of three
parts: Studies 1 and 2 were cross-sectional and Study
3 was longitudinal. Study 1 was performed to develop
the QDUE-HD, and then to examine its reliability.
The test-retest reliability of the QDUE-HD was
examined with a one week interval between the
first and second surveys. Study 2 was performed
to confirm the validity of the QDUE-HD by evalu-
ating the relationship between the QDUE-HD and
physical function. Study 3 was designed as a non-
randomized controlled trial to examine the respon-
siveness of the QDUE-HD by comparing scores in
the QDUE-HD measured before and after the six-
week exercise training regimen.
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Patients

Outpatients who went to the HD center by them-
selves three times a week to receive maintenance HD
were recruited. Patients were excluded if they had
been hospitalized within three months prior to the
study, suffered from a recent myocardial infarction
or angina pectoris, had uncontrolled cardiac arrhyth-
mias, hemodynamic instability, uncontrolled hyper-
tension, severe arthralgia or myalgia, severe motor
paralysis or dementia, or had been performing
regular exercise training for more than three months
prior to the study. We also excluded patients with
missing data for one or more of the analytical vari-
ables. As a result, 65 and 83 patients were found to be
eligible for the analysis in Studies 1 and 2, respec-
tively (Table 1). Moreover, 29 patients who agreed to
participate in Study 3 were divided into two groups:
the exercise group consisting of 14 patients perform-
ing exercise training, and the control group consisting
of 15 who did not exercise (Table 1). The exercise
group patients performed exercise training for six
weeks, while the control group lived as usual during
the six-week study period.

Measurements

Clinical characteristics

Age, sex, height, dry weight, body mass index, HD
duration and primary cause of ESRD were investi-
gated using clinical records. The body mass index was
calculated from dry weight in kilograms divided by
the square of height in meters. Blood hemoglobin
and hematocrit, and serum albumin and creatinine
concentrations were measured just before each HD
session.

ADL disability in the upper extremities

The questionnaire evaluating ADL disability in the
upper extremities measures the perceived difficulty
of HD patients when they perform certain activities
using their arms (Table 2). The questionnaire consists
of 37 items, of which 19 were taken from the Disabili-
ties of the Arm, Shoulder and Hand questionnaire
Japanese version (12) and 11 from the Activities of
Daily Living Test (13). The remaining 7 items were
taken from among the 14 obtained from the answers
given by 10 outpatients, who did not participate in the
present study, asked which activities that they felt
were impossible or extremely difficult to perform
when using their upper extremities for ADLs.
Because 7 of the 14 items were included among the
initial 30 items, the remaining 7 were added to the
questionnaire. Each item was rated from 1 to 5 points,

© 2011 The Authors
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TABLE 1. Patient characteristics in studies 1,2 and 3

Study 3
Study 1 Study 2 Exercise group Control group

Age (years) 66 % 10 66 + 8 638 64 +7
Number of patients (male/female) 65 (24/41) 83 (40/43) 14 (4/10) 15 (4/11)
Height (cm) 156.6 + 8.2 157.8 + 8.8 1563 = 7.8 1552+ 7.1
Dry weight (kg) 525+ 10.1 536 + 103 50.7 + 8.2 524+95
Body mass index (kg/m?) 21.3 £ 3.0 21.6 £33 206 £ 1.7 21.7 £ 3.0
Duration of hemodialysis (years) 92+175 8.6 £ 6.5 127 7.2 8471
Primary cause of end-stage renal disease (%)

Glomerulonephritis 35.4 349 429 40.0

Diabetic nephropathy 23.1 39.8 35.7 26.7

IgA nephropathy 7.7 4.8 7.1 6.7

Polycystic kidney 3.1 2.4 0.0 0.0

Nephrosclerosis 1.5 1.2 0.0 0.0

Unknown 20.0 7.2 7.1 13.3

Other 9.2 9.6 7.1 13.3
Hemoglobin (g/dL) 105 +0.7 103 £ 0.6 10.7 £ 1.0 10.5 = 1.0
Hematocrit (%) 33.0+24 323 %22 324 x3.1 319 =28
Serum albumin (g/dL) 39203 4003 39x02 40=03
Serum creatinine {mg/dL) 10.6 + 24 10.7 = 2.6 1.7+ 14 11.3+23

Data are expressed as mean * standard deviation. IgA: immunoglobulin A.

indicating not possible, severe difficulty, moderate
difficulty, mild difficulty and ease, respectively.

The FIM score was also measured to evaluate
whether, in comparison to the QDUE-HD, the FIM
was useful for assessing ADL disability in HD
patients. Six items in the FIM were used to assess
eating, grooming, bathing, upper and lower body
dressing, and toileting activities performed with their
upper extremities by HD patients (11). Each item
was rated from 1 to 7 points, indicating total,
maximal, moderate and minimal assistance, supervi-
sion, modified independence and complete indepen-

dence, respectively. The FIM score was defined as the
sum of points for these six items, and ranged from 6 to
42 points.

Physical function

The physical function tests were performed an
hour before the HD session to measure muscle
strength and range of motion (ROM) in joints with
an interval of 1 min or more between the measure-
ments.

Handgrip strength, biceps strength, palmar pinch
strength and key pinch strength were measured as

TABLE 2. Questionnaire evaluating disabilities concerning the activities of daily living in the upper extremities

. Opening a jar that has a tight lid

. Writing

. Turning a key

. Preparing a meal

Pushing and opening a heavy door

. Placing an object on a shelf above your head

. Gardening or doing yard work

. Making a bed

10. Carrying a shopping bag or briefcase
11. Carrying a heavy object (over 5 kg)
12. Changing a lightbulb overhead

13. Washing or blow-drying your hair
14. Washing your back

15. Putting on a pullover sweater

16. Using a knife to cut food

XN N

17. Recreational activities which require little effort {e.g. playing cards,

knitting, playing go, playing shogi)

. Doing heavy household chores (e.g. washing walls, washing floors)

19. Recreational activities in which you move your arm
freely (e.g. playing frisbee, badminton)

20. Drinking water from a glass

21. Turning faucets on and off

22. Pouring water from a kettle into a glass

23. Putting on and taking off your trousers or pants

24. Fastening a belt around your waist

25. Buttoning a long-sleeved shirt

26. Putting on shoes

27. Brushing your teeth

28. Washing and drying your face

29. Combing your hair

30. Wringing out a towel

31. Opening a new milk carton

32. Fastening shoelaces tightly

33. Unscrewing a PET bottle cap

34. Holding a PET bottle

35. Using a frying pan with one hand

18. Recreational activities in which there is some force or impact on your 36. Using chopsticks

arm, shoulder or hand (e.g. golf, tennis, catch, hammering)

37. Opening a pull-tab can

© 2011 The Authors
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indicators of the muscle strength of the upper
extremities. The handgrip strength measurement
required patients to grip a hand-held dynamometer
(Grip-D;Takei Scientific Instruments, Niigata, Japan)
as tightly as possible (14). The biceps strength mea-
surement was performed using a hand-held dyna-
mometer (U Tas F-1; Anima, Tokyo, Japan). The
patients were asked to flex their elbow joint as tightly
as possible, while the sensor of the hand-held dyna-
mometer was placed between the radial and ulnar
styloid processes of the upper extremity without the
shunt for blood access, in order to avoid compression
of the shunt (15). The palmar pinch strength and key
pinch strength measurements required patients to
pinch the sensor of the hand-held dynamometer (p
Tas F-1) as tightly as possible (14). Each muscle
strength measurement was performed twice, and the
average of the maximum strength obtained from the
right and left upper extremities was calculated for
each muscle, except for the biceps.

Active ROM was measured in joints of the shoul-
der, wrist and fingers as the ROM of the upper
extremities, according to the method established by
the Japanese Orthopaedic Association and the Japa-
nese Association of Rehabilitation Medicine (16).
While sitting on a chair, the patients were asked to
move their joints without pain or numbness. Each
ROM measurement was performed twice, and the
average of the maximum ROM obtained from the
right and left upper extremities was calculated for

Chest press
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each joint. Shoulder ROM was defined as the sum of
the flexion, abduction and external rotation angles
for the shoulder joint. Hand ROM was defined as the
sum of the palmar flexion and dorsiflexion angles for
the wrist joint, the flexion angle for the metacar-
pophalangeal joint of the thumb, and the flexion
angle for the metacarpophalangeal and proximal
interphalangeal joints of the second finger.

Exercise training

In the exercise group of Study 3, the exercise train-
ing was carried out before HD sessions three times a
week for six weeks. The exercise training program
consisted of four resistance training exercises with
elastic tubing (Thera-Band Tubing; Hygenic Corpo-
ration, Akron, OH, USA), shoulder external rotation,
seated row, chest press and biceps curl, in which the
patients performed two sets of 15 repetitions in each
resistance training session (Fig.1). The physical
therapist prescribed the exercise intensity for this
training after the patient had been instructed how to
perform the exercise training. If the patient had a
rating of 14 or greater for the perceived exertion (17)
or experienced arthralgia during the training, the
exercise intensity and repetitions were reduced until
the symptoms showed amelioration. However, all
patients in the exercise group were able to complete
the six-week exercise training without suffering
arthralgia in the present study.

FIG.1. Exercise training for the upper
extremities. Exercise training for the
upper extremities consisted of shoulder
external rotation, seated row, chest press
and biceps curl.

Biceps curl

© 2011 The Authors
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Statistical analysis

Study 1

The score distributions for the 37 items of the ques-
tionnaire were expressed as a percentage of the
number of patients rating each item as 1,2,3,4 or 5 to
the total number of HD cases, using stacked bar
charts. Of the 37 items in the questionnaire, they were
used for the principal factor analysis with promax
rotation unless more than 40% of the HD patients
rated the item as 1 or 5 points, indicating floor and
ceiling effects, respectively. The principal factor
analysis with promax rotation identified intrinsic
factors in the items used as the QDUE-HD. The
intrinsic factors were considered significant, in terms
of forming the categories of the QDUE-HD, if their
eigenvalues obtained from the principal factor analy-
sis with promax rotation were >1.00 (18). Correla-
tions between each item and the intrinsic factors
were evaluated using factor loadings obtained from
the principal factor analysis with promax rotation.
The items were grouped into a category if their factor
loadings were >0.40 for each intrinsic factor (18).

Moreover, the internal consistency and test-retest
reliability of the QDUE-HD were examined by cal-
culating the Cronbach o coefficient and the intraclass
correlation coefficient, respectively, to evaluate the
reliability of the QDUE-HD (18).

Study 2

The correlations between ADL disability in the
upper extremities and physical function were exam-
ined by calculating Spearman’s rank correlation coef-
ficients to evaluate the validity of the QDUE-HD.

Study 3

A two-way analysis of variance for repeated mea-
sures (groups vs. time courses) was used to analyze
changes in clinical characteristics, ADL disability in
the upper extremities and physical function mea-
sured before and after the six-week study period.

In all analyses, statistical significance was estab-
lished if the P-value was <0.05. All analyses were
performed using the Statistical Package for the Social
Sciences (SPSS version 12.0; SPSS, Chicago, iL,
USA).

RESULTS

Items and categories of the QDUE-HD

The score distributions for the 37 items of the ques-
tionnaire evaluating ADL disability in the upper
extremities are shown in Figure 2. Because floor and
ceiling effects were observed in items 2 and 24 of the

© 2011 The Authors
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37 items, respectively, the principal factor analy-
sis with promax rotation was performed on the
remaining 11 items. The factor analysis identified two
intrinsic factors among the 11 items for the QDUE-
HD, because their eigenvalues were 6.13 and 1.51,
respectively.

The factor loadings for the 11 items of the
QDUE-HD are shown in Table 3. The 11 items were
divided into groups of six and five items based on the
factor loadings and formed the two categories termed
“light work” and “holding activities”, respectively.
The score for light work was defined as the sum of
points obtained from the six items, which ranged
between 6 and 30 points. The score for holding activi-
ties was defined as the sum of points obtained from
the five items, which ranged between 5 and 25 points.

Reliability of the QDUE-HD

The Cronbach o coefficients and intraclass corre-
lation coefficients of the QDUE-HD are shown in
Table 4. The Cronbach o coefficients of the scores for
light work and holding activities were 0.92 and 0.87,
respectively. The intraclass correlation coefficients of
the scores for light work and holding activities were
0.95 and 0.92, respectively.

Validity of the QDUE-HD

Spearman’s rank correlation coefficients between
ADL disability in the upper extremities and physical
functions are shown in Table 5. The score for light
work correlated significantly and positively with
handgrip strength, biceps strength, palmar pinch
strength and shoulder ROM (P < 0.001, P <0.001,
P=0.007 and P =0.02, respectively). The score for
holding activities correlated significantly and posi-
tively with handgrip strength, biceps strength, palmar
pinch strength, key pinch strength and hand ROM
(P=0.005, P=0.002, P<0001, P<0.001 and
P =0.03, respectively). On the other hand, the FIM
score did not correlate significantly with handgrip
strength, biceps strength, palmar pinch strength, key
pinch strength, shoulder ROM or hand ROM.

Responsiveness of the QDUE-HD

There were no significant differences in clinical
characteristics at the beginning of the study between
the exercise and control groups. Furthermore,
the clinical characteristics of dry weight, body
mass index, blood hemoglobin and hematocrit, and
serum albumin and creatinine concentrations did not
change significantly during the six-week study period
in either the exercise or the control groups.

Changes in ADL disability in the upper extremities
are shown in Figure 3a—c. The scores for light work

Ther Apher Dial, Vol. 13, No. 2, 2011
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. Unscrewing a PET bottle cap
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FIG. 2. Score distributions for the 37 items of the questionnaire evaluating disability in activities of daily living in the upper extremities.

100%

and holding activities were significantly increased at
the end of the six-week study period as compared
with those at the beginning of the study in the exer-
cise group (P=0.005 and P =0.01, respectively),
while no significant changes were seen at any time
during the six-week study period in the control
group. The FIM score remained unchanged through-
out six-week study period in the exercise and control
groups.

Changes in physical function are shown in
Figure 4a—f. Handgrip and biceps strengths were sig-
nificantly increased at the end of the six-week study
period as compared with those at the beginning of
the study in the exercise group (P<0.001 and

Ther Apher Dial, Vol. 15, No. 2, 2011

P =0.01, respectively), while no significant changes
were seen at any time during the six-week study
period in the control group. Palmar pinch strength,
key pinch strength, shoulder ROM and hand ROM
showed no significant changes during the six-week
study period in either the exercise or the control

group.

DISCUSSION

Dialysis-associated musculoskeletal disorders fre-
quently cause impairment of the upper extremities,
and thereby deterioration of physical function, result-
ing in decreased ability by HD patients to perform

© 2011 The Authors
Therapeutic Apheresis and Dialysis © 2011 International Society for Apheresis
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TABLE 3. Factor loadings for the 11 items of the QDUFE-HD

Intrinsic factor

QDUE-HD items Light work Holding activities
Gardening or doing yard work 0.88 -0.08
Carrying a heavy object (over 5 kg) 0.82 0.03
Making a bed 0.76 -0.01
Doing heavy household chores (e.g. washing walls, washing floors) 0.74 0.01
Changing a lightbulb overhead 0.73 0.16
Pushing and opening a heavy door 0.70 0.02
Unscrewing a PET bottle cap =0.15 1.06
Opening a pull-tab can -0.06 0.87
Opening a new milk carton 0.24 0.74
Using a frying pan with one hand 0.07 0.60
Opening a jar that has a tight lid 0.19 0.51

QDUE-HD. questionnaire evaluating disability in activities of daily living in the upper extremities of hemodialysis patients.

ADL using the upper extremities (8-10). ADL dis-
ability is well known to be one of the predictors of
hospitalization and survival in elderly persons and
patients with rheumatoid arthritis (19,20); therefore,
preventing ADL disability is essential for HD
patients to continue stable maintenance HD treat-
ment. However, to our knowledge, few reports have
documented ADL disability in the upper extremities
in these patients, nor are there any specific scales for
evaluating such disability.

In the present study, our goal was to develop a
novel QDUE-HD allowing precise identification of
ADL disability in the upper extremities of HD
patients with high reliability, validity and responsive-
ness. A questionnaire developed to be specific for
HD patients should adequately reflect individual dif-
ferences in ADL disability among HD patients.
Durudz et al. reported that HD patients had mild
ADL disability when their perceived difficulty was

assessed using Durudz’s Hand Index, a scale devel-
oped for the evaluation of hands with rheumatoid
arthritis (10). However, their study apparently could
not precisely show the ADL disability in HD
patients, because Durudz’s Hand Index assesses only
light and basic activities. When developing the
QDUE-HD in the present study, we excluded items
indicating very light or very difficult activities for HD
patients from the 37 items we initially chose. There-
fore, we elected to use 11 items for the QDUE-HD,
not only to assess the severity of ADL disability, but
also for comparing ADL disability among HD
patients.

These 11 items of the QDUE-HD were grouped
into two categories that showed sufficient reliability.
We designated the first category “light work”,
because the six items in this category indicated
mainly common features concerning movements of
the shoulder and elbow joints. Furthermore, the

TABLE 4. Cronbach o coefficients and intraclass correlation coefficients of
the QDUE-HD

Scores Cronbach o coefficient Intraclass correlation coefficient
Light work 0.92 0.95
Holding activities 0.87 0.92

QDUE-HD, questionnaire evaluating disability in activities of daily living in the upper

extremities of hemodialysis patients.

TABLES. Spearman’s rank correlation coefficients between disability in activities of daily living in the upper extremities
and physical functions

Key pinch
Scores Handgrip strength Biceps strength Palmar pinch strength strength Shoulder ROM Hand ROM
Light work 0.42%% 0.41%+#* 0.29%* 0.16 0.26% 0.09
Holding activities 0.31%* 0.33%* 0.4 5% 0.37%%% 0.09 0.23*
FIM 0.19 0.18 0.16 0.16 0.08 0.17

*P <0.05,%*P < 0.01, ***P < 0.001. FIM, Functional Independence Measure; ROM, range of motion.

© 2011 The Authors

Therapeutic Apheresis and Dialysis © 2011 International Society for Apheresis
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second category was termed ‘“holding activities”,
because the five items in this category indicated
mainly common features concerning movements of
the hand and finger joints. HD patients reportedly
often have musculoskeletal disorders, such as shoul-
der impingement syndrome and carpal tunnel syn-
drome, resulting in ADL disability for large and fine
movements in the upper extremities, respectively
(8,9). Therefore, it was necessary to separately evalu-
ate large and fine activities performed using the
upper extremities in HD patients.

We investigated the correlations between ADL
disability in the upper extremities and physical func-
tions in HD patients. The scores for light work and
holding activities correlated significantly and posi-
tively with muscle strength of the upper extremities.
Previous studies demonstrated skeletal muscle mass
to be reduced in HD patients as compared with age-
matched, non-HD cases, and that skeletal muscle
atrophy remarkably decreased muscle strength in
HD patients (21,22). Therefore, the significant corre-
lation of QDUE-HD with muscle strength of the
upper extremities reflected ADL disability due to
decreased physical function in HD patients with high
validity.

The present study revealed that exercise training
improved both handgrip and biceps strengths, result-
ing in improved scores for light work and holding
activities. Recent studies have shown that exercise
training increases muscle strength of the upper
extremities and the ability to perform ADL in elderly
patients with arthritis (23,24). On the other hand,
although many studies have shown that exercise
training improves physical functions, such as exercise
capacity and leg strength, few reports have docu-
mented the effects of exercise training on ADL dis-
ability in HD patients (25). One of the reasons for
this is considered to be the lack of scales that can
precisely assess the effects of exercise training on
ADL disability in HD patients. Based on our present
results, we believe that the QDUE-HD is suitable
for evaluating the effects of exercise training on ADL
disability in the upper extremities of HD patients,
because the QDUE-HD sufficiently reflected
improvement in muscle strength in response to exer-
cise training.

The FIM score showed no significant correlations
with physical function parameters. Furthermore, no
significant changes were seen throughout the six-
week study period in either the exercise or the
control groups. Most HD patients participating in the
present study had maximal scores for the FIM mea-
surements before and after the study period, because
they required no assistance in ADLs, even if they felt

© 2011 The Authors
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a perceived difficulty. Therefore, the FIM, a question-
naire measuring the amount of ADL assistance
needed, was considered not to be suitable for evalu-
ating ADL disability in HD patients. In fact, the
QDUE-HD appeared to be more suitable than the
FIM for evaluating ADL disability in HD patients
because the QDUE-HD allows classification of the
severity of ADL disability by measuring the per-
ceived difficulty of patients in performing ADLs.

Study limitations

The QDUE-HD was developed using items indica-
tive of ADL disability in HD outpatients who had
neither arthralgia nor myalgia due to severe carpal
tunnel syndrome or arthritis. Therefore, it is difficult
to assess ADL disability using the QDUE-HD in
patients with obvious ankylosis or palsy affecting the
upper extremities.

CONCLUSION

The QDUE-HD, which is composed of 11 items, is
clinically useful for evaluating activities of daily living
disability in the upper extremities of hemodialysis
patients because it has high reliability, validity and
responsiveness.

REFERENCES

1. Nakai S, Masakane I, Shigematsu T etal. An overview of
regular dialysis treatment in Japan (as of 31 December 2007).
Ther Apher Dial 2009;13:457-504.

2. Unruh ML, Hess R. Assessment of health-related quality of
life among patients with chronic kidney disease. Adv Chronic
Kidney Dis 2007;14:345-52.

3. Janssen van Doorn K, Heylen M, Mets T, Verbeelen D. Evalu-
ation of functional and mental state and quality of life in
chronic haemodialysis patients. fnt Urol Nephrol 2004;36:
263-7.

4. Cook WL, Jassal SV. Functional dependencies among the
elderly on hemodialysis. Kidney Int 2008;73:1289-95.

5. Altintepe L, Levendoglu F,Okudan N et al. Physical disability,
psychological status, and health-related quality of life in older
hemodialysis patients and age-matched controls. Hemodial Int
2006;10:260-6.

6. Kurella Tamura M, Covinsky KE, Chertow GM, Yaffe K.
Landefeld CS, McCulloch CE. Functional status of elderly
adults before and after initiation of dialysis. N Engl J Med
2009:361:1529-47.

7. Otsubo §, Kimata N, Okutsu I et al. Characteristics of dialy-
sis-related amyloidosis in patients on haemodialysis therapy

Ther Apher Dial. Vol 13, No. 2, 2011

10.

11

15.

16.

17.

19.

20.

21,

22.

23,

24.

25.

T Kutsuna et al.

for more than 30 years. Nephro! Dial Transplamt 200924
1593-8.

. Limaye V, Frankham A, Disney A, Pile K. Evaluation of hand

function in patients undergoing long term haemodialysis. Ann
Rheum Dis 2001:60:278-80.

. Chazot C, Chazot I, Charra B et al. Functional study of hands

among patients dialysed for more than 10 years. Nephro! Dial
Transplant 1993;8:347-51.

Durutz MT, Cerrahoglu L, Dincer-Turan Y, Kiirsat S. Hand
function assessment in patients receiving haemodialysis. Swiss
Med Wkily 2003:133:433-8.

Linacre JM, Heinemann AW, Wright BD, Granger CV,
Hamilton BB. The structure and stability of the Functional
Independence Measure. Arch Phys Med Rehabil 1994;75:127-
32.

. Imaeda T, Toh S, Nakao Y et al. Validation of the Japanese

Society for Surgery of the Hand version of the Disability of the
Arm, Shoulder, and Hand questionnaire. J Orthop Sci 2005:10:
353-9.

. Sasaki S, Tsuyama N, Takahashi I et al. A guide to activities

of daily living test. Jpn J Rehabil Med 1982:19:114-31. (in
Japanese).

. Mathiowetz V. Weber K, Volland G, Kashman N. Reliability

and validity of grip and pinch strength evaluations. J Hand
Surg Am 1984,9:222-6.

Andrews AW, Thomas MW, Bohannon RW. Normative values
for isometric muscle force measurements obtained with hand-
held dynamometers. Phys Ther 1996:76:248-59.

The Japanese Association of Rehabilitation Medicine. Mea-
surement and description of range of motion. Jpn J Rehabil
Med 1995;32:207-17. (in Japanese).

Borg G. Perceived exertion as an indicator of somatic stress.
Scand J Rehabil Med 1970:2:92-8.

. Portney LG, Watkins MP. Foundations of Clinical Research:

Applications to Practice, 3rd edn. Upper Saddle River, NJ:
Prentice Hall, 2008.

Sokka T, Hikkinen A, Krishnan E, Hannonen P. Similar pre-
diction of mortality by the health assessment questionnaire in
patients with rheumatoid arthritis and the general population.
Ann Rheum Dis 2004:63:494-7.

Gill TM, Robison JT, Tinetti ME. Difficulty and dependence:
two components of the disability continuum among
community-living older persons. Ann Intern Med 1998;128:96~
101.

Mclntyre CW, Selby NM, Sigrist M, Pearce LE, Mercer TH,
Naish PF. Patients receiving maintenance dialysis have more
severe functionally significant skeletal muscle wasting than
patients with dialysis-independent chronic kidney disease.
Nephrol Dial Transplant 2006:21:2210-16.

Johansen KL, Shubert T, Doyle J, Soher B, Sakkas GK, Kent-
Braun JA. Muscle atrophy in patients receiving hemodialysis:
effects on muscle strength, muscle quality, and physical func-
tion. Kidney Int 2003:63:291-7.

Brorsson S, Hilliges M, Sollerman C, Nilsdotter A. A six-week
hand exercise programme improves strength and hand func-
tion in patients with rheumatoid arthritis. J Rehabil Med 2009,
41:338-42.

Suomi R, Collier D. Effects of arthritis exercise programs on
functional fitness and perceived activities of daily living mea-
sures in older adults with arthritis. Arch Phys Med Rehabil
2003:84:1589-94.

Cheema BS, Singh MA. Exercise training in patients receiving
maintenance hemodialysis: a systematic review of clinical
trials. Am J Nephrol 2005;25:352-64.

© 2011 The Authors

Therapeutic Apheresis and Dialysis © 2011 International Society for Apheresis

—346—



Yamaoka-Tojo et al. Nutrition & Metabolism 2011, 8:3
http://www.nutritionandmetabolism.com/content/8/1/3

RESEARCH

(u) Nutrition&Metabolism

. Open Access.

Circulating interleukin-18: A specific biomarker
for atherosclerosis-prone patients with

metabolic syndrome

Minako Yamaoka-Tojo"%", Taiki Tojo*?, Kazuki Wakaume?, Ryo Kameda®?, Shinji Nemoto?, Naonobu Takahira'?,

Takashi Masuda'?, Tohru lzumi®?

Abstract

plaque destabilization.

the risk factors of CVD.

Background: Metabolic syndrome (MetS) is associated with an increased risk of the development of
atherosclerotic cardiovascular disease (CVD). Interleukin-18 (IL-18), which is a pleiotropic proinflammatory cytokine
with important regulatory functions in the innate immune response system, plays a crucial role in vascular
pathologies. IL-18 is also a predictor of cardiovascular death in patients with CVD and is involved in atherosclerotic

Results: In order to determine if circulating levels of IL-18 can serve as a specific biomarker for distinguishing MetS
patients from pre-MetS subjects, we studied 78 patients with visceral fat deposition and 14 age-matched control
subjects. Increased levels of IL-18 were observed more frequently in patients with MetS than in pre-MetS subjects
and were positively associated with waist circumference. Serum levels of IL-18 were significantly reduced by a
change in weight caused by lifestyle modifications. There was a significant interaction between waist
circumference and serum IL-18 concentration. Weight loss of at least 5% of the body weight caused by lifestyle
modification decreased IL-18 circulating levels relative to the reduction in waist circumference and blood pressure,
suggesting that this degree of weight loss benefits the cardiovascular system.

Conclusion: IL-18 may be a useful biomarker of the clinical manifestations of MetS and for the management of

Background

Obesity and the related metabolic syndrome (MetS) are
major public health problems [1] that are associated with
an increased risk of the development of atherosclerotic
cardiovascular disease (CVD). The mechanism of which
may be mediated, at least in part, by increased secretion of
proinflammatory cytokines by the adipose tissue [2]. MetS
consists of atherogenic dyslipidemia (elevated triglycerides
and low high-density lipoproteins [HDLs]), elevated blood
pressure and glucose levels, and abdominal obesity with
prothrombotic and proinflammatory states [1]. MetS is
associated with a 5-fold higher risk of the development
of type 2 diabetes and a 2.6- to 3-fold higher risk of
the development of CVD [3,4]. The pathophysiology

* Correspondence: myamaoka@medkitasato-u.acjp

'Department of Rehabilitation, Kitasato University School of Allied Health
Sciences, 1-15-1 Kitasato, Minami-ku, Sagamihara, 252-0373 Kanagawa, Japan
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( ) BioMed Central

underlying MetS is not well defined, and several investiga-
tors have sought to identify a single factor that could
explain all of the components of the syndrome. In addition
to insulin resistance and/or hyperinsulinemia, investigators
have found several biomarkers that are associated with
MetS, including leptin [3], catecholamines [5], brain
natriuretic peptide (BNP) [6], oxidized low-density lipo-
protein (LDL) cholesterol [7], uric acid [8], C-reactive pro-
tein (CRP) [3], plasminogen activator inhibitor-1 [3],
aldosterone [3], cystatin C [9], and carboxy-terminal
prevasopressin (copeptin) [10]. This wide variety of bio-
markers highlights the diverse pathophysiological pertur-
bations that occur in MetS [10].

Interleukin-18 (IL-18), which is a pleiotropic proin-
flammatory cytokine with important regulatory functions
in the innate immune response system, plays a crucial
role in vascular pathologies. IL-18 is also known as a pre-
dictor of cardiovascular death in CVD patients and is

© 2011 Yamaoka-Tojo et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0j, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited
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involved in atherosclerotic plaque destabilization.
A growing body of evidence suggests that IL-18 levels
may be closely related to MetS and its consequences
[11-13]. Increasing levels of circulating IL-18 have been
reported to be closely associated with the components of
MetS and to predict type 2 diabetes, cardiovascular
events, and mortality [14,15]. IL-18 is secreted constitu-
tively in many different cell types in the adipose tissue,
including macrophages, vascular endothelial cells, vascu-
lar smooth muscle cells, and adipocytes [16,17]. On the
other hand, aerobic exercise has been reported to reduce
levels of CRP and IL-18 in subjects with type 2 diabetes
[18,19].

We hypothesized that circulating levels of IL-18 may
enhance atherosclerosis-prone conditions in patients
with MetS. In order to examine this hypothesis, we stu-
died the circulating levels of IL-18 in MetS patients and
in subjects with pre-MetS conditions. Furthermore, the
circulating levels of IL-18 were examined in MetS
patients before and after lifestyle modifications that
resulted in weight loss.

Results and Discussion

Results

Circulating IL-18 levels as a specific biomarker to
distinguish MetS patients from subjects with pre-MetS
conditions

In order to determine whether the circulating levels of
IL-18 could be a specific biomarker to distinguish MetS
patients from subjects with pre-MetS conditions, we stu-
died 42 patients with MetS or pre-MetS and 14 control
subjects (average body mass index [BMI], 23.3). There
were 28 patients diagnosed as having MetS (BMI, 30.9),
and the remaining 14 patients were designated as pre-
MetS (BMI, 29.6), which was defined as the subjects
having only 1 component of the MetS criteria proposed
by the Japanese Society of Internal Medicine. The base-
line characteristics of the subjects are shown in Tables 1
and 2. Patients with MetS had a higher BMI and waist
circumference.

As shown in Table 2, fasting plasma glucose levels,
plasma insulin levels, a homeostasis model assessment
(HOMA-IR), and triglyceride levels increased in both
MetS and pre-MetS subjects. Among them, only plasma

Table 1 Characteristics of the study participants

Characteristics MetS Pre-MetS Control
{n =28) (n=14) (n=14)
Age {year) 548 + 129 589 + 130 564 + 10
Sex, female (%) 9 (32.1%) 6 (42.9%) 8 (57.19%)
BMI (kg/m™) 309+ 77 276 +32 233+29
Waist circumference (cm) 1027 + 13.2%' 950 = 75% 787 £ 72

Data are means + SD. *P < 0.01 for MetS (or pre-MetS) vs. Control. *P < 0.01
for MetS vs. pre-MetS. BMI, body mass index; MetS, metabaolic syndrome.

Page 2 of 8

Table 2 Components of the metabolic syndrome

Components MetS Pre-Met$S Control
Plasma glucose (mg/dL) 136 + 50* 110 + 12 99 + 7

Plasma insulin ({U/mbL) 87 + 56 63+ 27 5215
HOMA-IR 20+ 1.0 17 +0.7% 13 £04
HDL cholesterol (mg/dL) 48 £ 12 59 + 16* 71 £ 16
Triglyceride (mg/dL) 187 £ 25 160 + 24* 69 + 21

Hypertension, n (%) 21 (75.0%)* 5 (35.7%)" 3 (21.4%)

Data are means + SD. *P < 0.01 for MetS (or pre-MetS) vs. Control. *P < 0.05
for MetS vs. pre-MetS. HOMA-IR, homeostatis model assessment; HDL, high
density lipoprotein; MetS, metabolic syndrome.

insulin levels were significantly higher in patients with
MetS compared to those who were pre-MetS. These
data suggest that more severe hyperinsulinemia may
exist in MetS patients compared to subjects with pre-
MetS conditions.

Increased levels of glycated hemoglobin (HbAlc), CRP,
and IL-18 were observed in MetS patients (Table 3).
Decreased serum adiponectin levels were observed in
patients with both MetS and pre-MetS compared with
those in control subjects (Figure 1a). There was no differ-
ence in adiponectin levels between MetS and pre-MetS
patients (Table 3). Increased levels of CRP and IL-18
likely reflect a low-grade systemic inflammation and the
development of atherosclerosis.

As shown in Figure 1b, increased levels of IL-18 were
observed more frequently in patients with MetS than in
those who were pre-MetS (P < 0.01), and these levels
were positively associated with fasting insulinemia (P <
0.05). Interestingly, serum levels of IL-18 were slightly,
but significantly, correlated with the waist circumference in
patients with MetS and pre-MetS conditions (Figure 1c).
These data suggest that 1L-18 may reflect visceral fat
deposition and insulin resistance. In conclusion, IL-18
may be a useful biomarker of the clinical manifestations
of MetS and for the management of the risk factors of
CVD.

Circulating IL-18 as a useful biomarker for lifestyle
modification

We hypothesized that body weight loss from lifestyle
modification would improve systemic inflammation in
patients with MetS. Serum IL-18 levels were measured
in 57 patients with MetS (average BMI, 32.0) before and
after they lost at least 5% of their initial weight by life-
style modification. As shown in Table 4, subjects in the
study were typically abdominally obese patients, 74% of
the subjects were diagnosed with hypertension, and 61%
had diabetes mellitus (DM) and/or impaired fasting glu-
cose (IFG). There was a significant interaction between
serum CRP levels and IL-18 levels in patients with MetS
(P < 0.01).

Among all of the subjects undergoing lifestyle modifi-
cations, 89% achieved significant reductions in weight,
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Table 3 Interleukin-18 and related biomarkers

MetS Pre-MetS Control
HbA1C (%) 6.3 + 13* 54+ 04 50+03
CRP (ug/dL) 365 + 272* 114 + 98 82 + 55
adiponectin (ug/mL) 50 £ 0.7% 5.5+ 0.8* 63 £ 09
IL-18 (pg/mL) 301 + 220+ 121 + 31 12 + 29

Data are means + SD. *P < 0.05 for MetS (or pre-MetS) vs. Control. *P < 0.01
for MetS vs. pre-MetS. HbA1c, haemoglobinAlc; CRP, C-reactive protein; IL-18,
interleukin-18; MetS, metabolic syndrome.

waist circumference, HOMA-IR, and blood pressure
after the lifestyle modification was maintained for an
average of 22.6 (5.6) weeks. As shown in Table 5, 22-23
weeks of lifestyle modification could significantly reduce
obese conditions, including body weight and waist cir-
cumference. Systolic blood pressure was also markedly
reduced in these subjects (P < 0.01).

Serum levels of IL-18 were significantly reduced with
weight loss (P < 0.01), and the levels significantly corre-
lated with the change in weight (P = 0.046). Lifestyle
modification-induced weight loss of 5% body weight sig-
nificantly improved the levels of circulating biomarkers
that are related to metabolic and vascular inflammation
(Table 6). Most importantly, 5% body weight loss
reduced serum levels of IL-18 and synergistically

Page 3 of 8

Table 4 Baseline characteristics of the study participants
for lifestyle modification

Characteristics Values (range)
Age (year) 554 + 132 28-76
Sex, female (%) 27 (54.0%)

Body mass index (kg/m?) 319 £ 62 24-61
Body weight (kg) 845 £ 186 54.5-138
Waist circumference (cm) 1045 + 120 85.5-144
Systolic blood pressure (mmHg) 1387 £17.7

Diastolic blood pressure (mmHg) 783+ 118

Triglyceride (mg/dL) 1895 £ 1213
HDL-cholesterol (mg/dL) 501 £ 115

Plasma glucose (mg/dL) 1234 + 370

Hypertension (%) 74

High triglyceride (%) 49

Low HDL-cholesterol (%) 1

DM/IFG (%) 61

Values are means + SD or presence of comorbidities (%). HDL, high-density
lipoprotein; DM, diabetes mellitus; IFG, impaired fasting glucose.

increased serum adiponectin levels in these obese
patients (Figure 2).

The reduction in IL-18 concentration correlated with
increases in adiponectin (P = 0.015). A 5% weight loss
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Figure 1 Circulating Interleukin-18 (IL-18) as a biomarker in the adipocytokine family. (a) Serum levels of adiponectin. *P < 0.05 for MetS
(or pre-MetS) vs. Control. (b) Circulating levels of IL-18. *P < 0.01 for MetS (or pre-MetS) vs. Control. P < 0,01 for MetS vs. pre-MetS. (c) Serum
levels of IL-18 and waist circumference. Correlations: P < 0.01.

—349—



Yamaoka-Tojo et al. Nutrition & Metabolism 2011, 8:3
http://www.nutritionandmetabolism.com/content/8/1/3

Table 5 Lifestyle modification-induced changes in
anthropometric variables

Characteristics Values (range)
A Body mass index (kg/m?) 16+ 11" (04-5.0)
A Body weight {kg) 54 + 44" (2.8-33.0)
A Waist circumference (cm) 96 + 5.5 (1,5-24.5)
A Systolic blood pressure (mmHg) 153 £ 17.5%
A Diastolic blood pressure (mmHg) 121 + 191"

Values are means + SD (range).*P < 0.01 and *P < 0.05 for baseline vs. after
lifestyle modification in patients with metabolic syndrome.

from lifestyle modification decreased the circulating
levels of IL-18 in relation to the reduction in waist
circumference, serum CRP levels, and blood pressure,
suggesting that this degree of weight loss resulted in
cardiovascular benefits.

Discussion

To the best of our knowledge, this is the first study
showing that circulating IL-18 levels can be a useful bio-
marker for distinguishing patients with MetS from sub-
jects with pre-MetS conditions. Furthermore, a 5%
weight loss from lifestyle modification decreased circu-
lating TL-18 levels, a prognostic biomarker for coronary
artery disease, in patients with MetS.

IL-18 and vascular inflammation

In the last decade, accumulating evidence has suggested
the importance of a low but chronic inflammatory state
in obesity and in MetS. Recent research has revealed a
role of adipose tissue beyond energy storage that
involves the harboring of inflammatory cells that are
believed to sustain inflammation and impair adipocyte
function [20,21]. IL-18 was originally found as an inter-
feron-gamma (IFN-y)-inducing factor (IGIF) [22] and
belongs to the IL-1 family of cytokines [23]. The expres-
sion of 1L-18 has been reported to be higher in athero-
sclerotic plaques than in normal control arteries. In
addition, IL-18 was found to localize mainly in plaque
macrophages and express strongly in unstable plaques
[24]. These data suggested that I[L-18 plays a major role
in atherosclerotic plaque destabilization, which leads to

Table 6 Changes in circulating interleukin-18 and related
biomarkers by lifestyle modification

before after P values
Triglyceride (mg/dL) 190 £ 121 139 + 67 0.049
HDL-cholesterol {mg/dL) 50 %12 56 + 11 < 0001
Glucose (mg/dL) 123 % 37 105 £ 19 0.041
Adiponectin (ug/mL) 54£15 6.5+ 21 0.034
IL-18 (pg/mL) 158 £ 97 119 £ 75 0.021
CRP (ug/dL) 311 +315 204 + 219 0012

Data are means + SD. HDL, high density lipoprotein; IL-18, interleukin-18; CRP,
C-reactive protein.
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Figure 2 Circulating levels of interleukin-18 (IL-18) and
adiponectin in patients with metabolic syndrome before and
after lifestyle modification. *P < 0.05 for baseline vs. after lifestyle
modification in patients with metabolic syndrome.

acute ischemic syndromes. In an atherosclerotic animal
model, murine IL-18 binding protein (the endogenous
inhibitor of 1L.-18) prevents fatty streak development in
the thoracic aorta of apoE knockout mice and slows the
progression of advanced atherosclerotic plaques in the
aortic sinus [25]. Moreover, IL-18 has been recently
shown to contribute to cardiac dysfunction following
ischemic reperfusion in vitro [26]. These findings, taken
together, identify the inhibition of IL-18 signaling as an
important therapeutic target for preventing atherosclero-
tic plaque development and for inhibiting plaque com-
plications [25].
IL-18 and metabolic syndrome
IL-18 concentrations are increased in patients with type
2 diabetes, obesity, and polycystic ovary syndrome
[27-29]. In addition, circulating IL-18 has been reported
to be closely associated with MetS and its components
[30]. Paradoxically, IL-18-deficient mice had markedly
increased body weight compared with wild type litter-
mates at 3 months of age, and these mice exhibited
obesity, insulin resistance, hyperglycemia, lipid abnorm-
alities, and atherosclerosis. The weight gain was asso-
ciated with significantly increased body fat; food intake;
and glucose, insulin, glucagon, cholesterol, and leptin
levels. A histological analysis of various organs of the
mutant mice showed only an increased size of the pan-
creatic islets. Leptin administration or the intracerebral,
but not intravenous, administration of recombinant IL-
18 reduced food intake. Intraperitoneal administration
of recombinant 1L-18 restored insulin sensitivity and
corrected the hyperglycemia through the activation of
signal activation of transcription 3 (STAT3) phosphory-
lation in IL-18 double-knockout mice. These data sug-
gest that IL-18 has an important role in the homeostasis
of energy intake and insulin sensitivity.

In the present study, circulating levels of IL-18 were
significantly reduced after lifestyle modification, which
resulted in a synergistic reduction in serum CRP levels,
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plasma glucose levels, and triglyceride levels in patients
with MetS. On the other hand, obese patients with type
2 diabetes have been reported to produce significantly
less IFN-y in the peripheral blood mononuclear cells in
response to IL-18 stimulation compared to lean con-
trols, which was most likely due to the reduced expres-
sion of the IL-18 receptor B chain [31]. This has led to
a new concept of IL-18 resistance, which is similar to
insulin resistance, in MetS patients. This new concept of
IL-18 resistance may shed further light upon the
mechanisms involved in the IL-18-related effect on sys-
temic metabolic disorder. At this point, IL-18-mimetic
agents or interventions, including lifestyle modifications,
may be novel therapeutic strategies for patients with not
only pre-MetS conditions but also MetS and athero-
sclerosis-prone conditions.

IL-18 gene polymorphisms have been shown to be
associated with increased levels of circulating IL-18 [32]
and one such polymorphism was associated with
impaired insulin sensitivity and an increased risk of hav-
ing MetS [33,34]. These findings suggest that 1L-18 may
be involved in the pathogenesis of MetS [11]. Therefore,
genetic variations of IL-18 influence circulating levels of
IL-18 and the clinical outcome in patients with coronary
artery disease.

IL-18 as a predictive biomarker for cardiovascular events

In previous studies in patients with documented coron-
ary artery disease, serum IL-18 levels were elevated in
patients with acute coronary syndrome [35] and were a
strong independent predictor of cardiovascular death
[14,36]. In a previous cohort study, circulating IL-18
was the only independent predictor of cardiovascular
mortality in a subgroup with MetS [37]. Moreover, cir-
culating 1L-18 levels were a strong and independent pre-
dictor of cardiovascular events in elderly men with MetS
[38]. Increased levels of IL-18 were associated with the
presence of subclinical atherosclerosis, which was evalu-
ated by an examination of the intima media thickness of
the carotid artery [39], and by measurement of arterial
stiffness, which was determined on the basis of brachial
pulse wave propagation [40], after adjustment for tradi-
tional risk factors. However, others have reported that
circulating IL-18 levels were associated with carotid
media thickness in univariate analyses, but not after
adjustment for traditional risk factors [13,41] or in mul-
tiple analyses [42].

IL-18 as a therapeutic biomarker to enhance coronary risk
factor management in MetS patients

A growing body of evidence supports an important role
of IL-18 in the pathogenesis of MetS and atherosclerosis.
In this study, a 5% weight loss from lifestyle modification
decreased circulating levels of IL-18 and CRP. According
to the results of previous clinical studies, weight loss
mediated by calorie-restricted diet interventions [43],
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Mediterranean-like diets, and omega-3 fatty acid supple-
mentation [44], or combined interventions with diet and
exercise [45,46], were reported to decrease IL-18 levels
[40]. Aerobic exercise has been reported to reduce circu-
lating levels of IL-18 in patients with type 2 diabetes
[18,19] and IL-18 expression in adipose tissue in obese
subjects [47].

Study limitations

A limitation of the current study is that the study cohort
was small. Since the circulating levels of IL-18 corre-
lated well with the waist circumference in patients with
MetS and subjects with pre-MetS conditions, it is rea-
sonable to speculate that there may have also been a dif-
ference detected between the MetS and pre-MetS
groups, if the group sizes were bigger. However, the
group sizes for the examination of the effects of lifestyle
modification were adequate to reveal significant differ-
ences in the changes in the circulating levels of 1L-18
and other inflammatory biomarkers.

Conclusions

In summary, higher circulating levels of IL-18 were
associated with increased MetS scores and systemic
inflammation, which was independent of the presence of
diabetes or dyslipidemia. Circulating IL-18 may be a
novel biomarker for high-risk patients with MetS, and
further studies are warranted in order to assess its utility
as a predictor of the presence of MetS and atherogenic
conditions. These findings suggest that IL-18 dysfunc-
tion or resistance is a novel pathophysiological mechan-
ism underlying insulin resistance and MetS. Moreover, a
5% weight loss from lifestyle modification decreased the
circulating levels of IL-18 relative to the reduction in
waist circumference, vascular inflammation, and blood
pressure, suggesting that this degree of circulating
IL-18-guided weight management may be effective for
cardiovascular benefits and the prevention of cardiovas-
cular events.

Materials and methods

Subjects

The study included 78 Japanese outpatients with
abdominal obesity (waist circumference, >85 cm for
men and >90 cm for women) who consulted for medical
care in the Metabolic Syndrome Clinic, Department of
Cardioangiology, Kitasato University Hospital. All sub-
jects provided informed consent before participating in
this study, and anonymity was maintained by tracing the
patients through their clinical history number.

The project was approved by the Scientific and Ethical
Committee of the Kitasato University School of Medi-
cine, Japan. BMI was calculated as weight divided by
height squared. Systolic and diastolic blood pressures
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were measured after a rest of at least 15 min with a
sphygmomanometer while subjects were in a sitting
position. HOMA-IR, which was used as a measure of
insulin resistance, was calculated as fasting plasma insu-
lin (uU/mL) x glucose (mg/dL)/405 [48]. All subjects
were free from chronic inflammation, immune disease,
acute coronary syndrome, renal and/or liver dysfunction,
malignancy, or immune diseases.

Definitions of MetS and pre-MetS

Metabolic scores were calculated using MetS compo-
nents according to the Met§ criteria proposed by the
Japanese Society of Internal Medicine [49]. The score
consisted of 4 independent components, including
abdominal obesity, which was defined as a waist circum-
ference of =85 ¢cm in men or 290 cm in women; high
triglyceride and/or low HDL-cholesterol levels; hyperten-
sion; and elevated fasting glucose levels. The diagnosis of
hypertension was made on the basis of blood pressure
levels measured at the study visit (2130/85 mmHg) or a
prior diagnosis of hypertension and current treatment
with antihypertensive medications. DM and/or [FG was
considered present if the subject had a history of diabetes
or had a fasting glucose level of 110 mg/dL or greater.
Participants who had low metabolic scores (1 or 2) were
designated as the pre-MetS subjects, whereas the patients
who had high metabolic scores (3 or 4) were defined as
MetS subjects. There were 64 patients diagnosed as hav-
ing MetS and the remaining 14 patients were designated
as pre-MetS, which was defined as having only 1 compo-
nent of the MetS criteria.

Serum Sample Collection

After an overnight fast, blood serum samples were col-
lected by venipuncture from 78 patients with abdominal
obesity and from 14 healthy donors. The age range of
the healthy donors matched that of the patients. For the
IL-18 biomarker study examining the differences in
IL-18 levels between MetS patients and subjects with
pre-MetS conditions, 36 patients out of the 64 patients
with MetS were excluded because they were taking
metabolic-mimetic agents (statins, anti-diabetic drugs,
and/or colestimide).

Measurement of Clinical Biomarkers

Biochemical markers such as triglycerides, LDL choles-
terol, HDL cholesterol, insulin, plasma glucose, HbAlc,
uric acid, gamma-glutamyl transpeptidase (y-GTP), CRP,
and BNP were measured.

Lifestyle Modification

In order to examine the effects of lifestyle modification
in the IL-18 biomarker study, 64 patients with MetS
were recruited to lose weight in order to improve their
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cardiovascular risk factors. We studied 57 patients with
MetS (average BMI, 31.9) who successfully lost at least
5% of their initial weight through lifestyle modification.
All subjects were instructed to maintain a standard mild
energy-restricted diet and to engage in walking for at
least 30 min a day, 5 days a week. Serum IL-18 and adi-
ponectin levels were measured in these subjects before
and after lifestyle modification, which was maintained
for 8-34 weeks.

Measurement of Adipocytokines

Circulating levels of human IL-18 and adiponectin were
determined by an enzyme-linked immunosorbent assay
(ELISA) using the human IL-18 ELISA Kit (MBL, Co.,
Ltd., Nagoya, Japan) and the CircuLex™ human adipo-
nectin ELISA Kit (CycLex Co., Ltd., Nagano, Japan),
respectively. Samples were processed according to the
manufacturer’s instructions [35,50].

Statistical Analysis

Continuous data are summarized as either mean (SD) or
median and quartiles, and categorical data are expressed
as percentages. The data were compared by an unpaired
t-test or Mann-Whitney U-tests, where appropriate. Dif-
ferences in the proportions of variables were determined
by a chi-squared analysis. In order to evaluate the relation-
ship between IL-18 and selected variables, we calculated
Spearman correlation coefficients between the circulating
levels of fasting I1L-18 and the following variables: (1) con-
ventional risk factors for CVD (i.e., LDL cholesterol, HDL
cholesterol, triglycerides, HbAlc, the presence of hyper-
tension, and current smoking status), and history of cor-
onary artery disease; (2) measures of adiposity and insulin
resistance (i.e., BMI, waist circumference, fasting blood
glucose levels, insulin levels, and HOMA-IR); and (3) meta-
bolic risk scores (i.e., abdominal obesity, hypertension,
high triglycerides and/or low HDL cholesterol, and glucose
intolerance or diabetes) and MetS-related co-morbid
conditions (i.e., hyper-uric acidemia, fatty liver disease,
chronic kidney disease, and sleep apnea syndrome).

In order to evaluate the association of IL-18 with
MetS, we constructed multivariable logistic regression
models in order to assess whether the circulating 11-18
levels were independently associated with MetS. We cal-
culated the odds ratio for the presence of MetS in each
IL-18 level quartile, and the participants with IL-18
levels in the lowest IL-18 quartile were considered as
the reference group. Adjustments were performed for
age and sex and for age, sex, and B-blocker use. Two-
sided P-values of < 0.05 were considered significant.
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