3. Graphing

Radar plotting is a form of graphing which was
reported to be practical and profoundly useful for
examining and displaying patterns in multivariate
data of medicine researches. To show the charac-
teristics of each pattern, we have drawn radar charts

for a typical country from each pattern.

4. Ethical clearance

This study is a part of a study entitled “Multi-
Disciplinary Study for Promoting Non-Communicable
Disease Control in East Asia and Oceania,” funded by
Health and Labor Sciences Research Grants (Research
on global health issues), Ministry of Health, Labor and
Welfare, Japan. The whole study plan was reviewed
and approved by the Ethics Review Committee of
Nagoya University School of Medicine, Nagoya, Japan
(Approval No. 2012-0103).

III. Results

Table 1 shows age-standardized prevalence of
obesity, raised blood pressure, raised blood glucose,
and raised blood cholesterol for 2008 of the 28
countries in the studied regions. The prevalence of
obesity (BMI > 30 kg/m? ranged from 1.6% (Vietnam)
to 71.1% (Nauru). The highest prevalence of raised
blood pressure (systolic blood pressure = 140 mmHg
or on medication) was reported in Vanuatu (47.2%)
while Republic of Korea reported the lowest (29.8%).
The highest prevalence of raised blood glucose
(fasting blood glucose = 7.0 mmol/L or on medication)
was reported in Marshall Islands (28.7%), while
Cambodia reported the lowest (5.1%). The highest
prevalence of raised blood cholesterol (total cholester-
ol 2 5.0 mmol/L was reported in Cook Islands (59%),
and the lowest was in Cambodia (30%).

The dendrogram generated by cluster analysis
presents the clustering process among the studied
countries (Fig. 1). Based on the z-scores of the four
metabolic risk factors, the most similar countries
merged step by step, until all countries were com-
bined into a biggest cluster. Heterogeneity among
the clusters increased from left to right. Three major
clusters were revealed by setting the cut-off at the
rescaled distance cluster combine level of 15. The
first cluster, comprised of eight high- and upper-

middle-income countries most of which located in
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Asia (Brunei Darussalam, Thailand, Singapore, Japan,
Malaysia, Australia, New Zealand, and Republic of
Korea). The second cluster included ten low- and
lower-middle-income countries (Vanuatu, Mongolia,
Lao PRD, China, Vietnam, Indonesia, Myanmar,
Philippines, Cambodia, and Papua New Guinea); most
of them located in Asia. The third cluster comprised
of ten Pacific insular countries (Palau, Tonga, Fiji,
Micronesia, Cook Islands, Nauru, Kiribati, Solomon
Islands, Samoa, and Marshall Islands).

Table 2 presents the population z-score means on
each variable. Overall, differences among the three
patterns were observed on each variable after ANOVA
was conducted (All P < 0.05). The results of multiple
comparisons by Sidak t-test are shown in Table 3.
The first pattern showed the highest raised blood
cholesterol z-score mean, which was significantly
higher than the second pattern (P < 0.001) and the
third pattern (P = 0.048). The second pattern had
higher raised blood pressure z-score means than the
first pattern (P = 0.027), although it was not signifi-
cantly different from that of the third pattern (P
= (.747). The third pattern, presented significantly
higher z-score means in obesity than other two
patterns, and z-scores of raised blood pressure and
raised blood glucose were also relatively high.

Characteristics of the three patterns are shown as
radar charts of typical countries categorized in each
pattern (Fig. 2). Japan was a typical country in the
first pattern, which presented high prevalence of
raised blood cholesterol and relatively low prevalence
of obesity, raised blood pressure and raised blood
glucose. Chart of Mongolia showed the typical char-
acteristics of the second pattern with significantly
high prevalence of raised blood pressure compared to
the first pattern. The remarkable feature of the third
pattern was extremely high prevalence of obesity, as
shown in the radar chart of Nauru. The prevalence
of raised blood pressure and raised blood glucose

were also high in the third pattern.

1V. Discussion

In this study, we applied cluster analysis for identi-
fying NCD risk factor patterns. Cluster analysis is a
widely used method in medical researches for classi-
fying similar patterns from large data involving many

variables. The most similar individuals merged step
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Table 1 Age-standardized prevalence of four major NCD metabolic risk factors

Obesity " Raised blood pressure”  Raised blood glucose ©  Raised blood cholesterol ¢
(*0) (%) (o) (%)
East Asia
China 5.1 38.6 9.5 334
Japan 4.5 36 59 57.1
Mongolia 16.4 47 9.9 373
Republic of Korea 7.3 29.8 6.1 425
Southeast Asia
Brunei Darussalam 7.9 34.4 7.4 552
Cambodia 2.3 31.5 5.1 30
Indonesia 4.7 41 6.9 35.8
Lao PDR 3 373 7.4 314
Malaysia 14.1 38 11.4 52.1
Myanmar 4.1 42 6.6 30.4
Philippines 6.4 372 6.6 43.3
Singapore 6.4 34.6 6.4 57.5
Thailand 8.5 342 72 55.5
Vietnam 1.6 36.8 7.7 36.1
Oceania
Australia 25.1 31.8 8.1 55.2
Cook Islands 64.1 43.6 20.8 59
Fiji 31.9 41.6 14.8 53.2
Kiribati 45.8 374 24.2 355
Marshall Islands 46.5 36.8 28.7 46.1
Micronesia 42 41.8 17 48.1
Nauru 71.1 43.9 14 46.2
New Zealand 27 32.6 9.9 56.2
Palau 50.7 40.1 18.2 54.7
Papua New Guinea 15.9 321 15 38.2
Samoa 55.5 427 224 34.6
Solomon Islands 32.1 37.4 17.7 332
Tonga 59.6 41.1 18.2 49.7
Vanuatu 29.8 47.2 9.4 37.6

*Body Mass Index > = 30 kg/ m?% *Systolic Blood Pressure > = 140mmHg or on medication;
“Fasting Blood Glucose > = 7.0 mmol/L or on medication; “Total Cholesterol > = 5.0 mmol/L.
Data source: WHO Global Health Observatory Data Repository for 2008
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Figure 1 Dendrogram of the patterns of NCD metabolic risk factors

Table 2 Characteristics of the three patterns of NCD metabolic risk factors

Obesity * Raised blood pressure Raised blood glucose © Raised blood cholesterol ¢
z-score means (SD) z-score means (SD) z-score means (SD) z-score means (SD)

First pattern

-0.5533 (0.40) -0.9142 (0.55) -0.6871 (0.30) 0.9608 (0.50)
Higher-income Asian pattern (n=8)
Second pattern

. -0.7196 (0.41) 0.1963 (1.16) -0.5925 (0.43) -0.9275 (0.42)

Lower-income Asian pattern(n=10)
Third pattern

1.1622 (0.60) 0.5351 (0.57) 1.1421 (0.70) 0.1589 (0.91)
Pacific island pattern (n=10)

ANOVA F=45.046, P<0.001" F=7.278. P=0.003 F=38.111, P<0.001" F=18.866. P<0.001"

“Body Mass Index > 30 kg/m* "Systolic Blood Pressure > 140mmHg or on medication;
“Fasting Blood Glucose > 7.0 mmol/L or on medication; “Total Cholesterol > 5.0 mmol/L.
*P <005
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Table 3 Multiple comparison for any two patterns by Sidak t-test
Raised blood Raised blood Raised blood
Multiple comparison groups Obesity * , .
pressure glucose © cholesterol *
Mean Mean Mean Mean
I J difference r difference P difference g difference P
(-5 (-0 (-5 (I-1)
Higher-income ¢  Lower-income 0.166 0.856 L1 o 0,095 0.974 1,888 *
Asian pattern Asian pattern ’ o ' 0.027 A - ’ <0.001
Higher-income Pacific island ® * # ®
: ~1.715 -1.449 -1.829 0.802
Asian pattern pattern L71 <0.001 0.003 1.8 <0.001 0.048
Lower-income ¢ Pacific island * # *
. & -1.882 -0.339 0.747 -1.735 -1.086
Asian pattern pattern 8 <0.001 7 <0.001 0.003
*Body Mass Index > 30 kg/m* "Systolic Blood Pressure = 140mmHg or on medication;
‘Fasting Blood Glucose > 7.0 mmol/L or on medication; “Total Cholesterol > 5.0 mmol/L.
P <005
First pattern Second pattern Third pattern
Higher-income Asian pattern Lower-income Asian pattern Pacificisland pattern

Obesity
80

(Japan)

Obesity

80

(Mongolia)

{Nauru)

Figure 2. Radar charts of the three patterns of metabolic risk factors

Typical countries of each pattern are shown. BP: raised blood pressure; Glu: raised blood glucose; Chol: raised blood cholesterol.
The vertical and horizontal scales show the prevalence of each factor.

by step, until finally all individuals aggregate into the
biggest cluster. Previous applications of cluster
analysis were found in identifying patterns of behav-

iorsg’ 10

, dietarym, or in genetic expressionsw). These
studies suggest that cluster analysis may be useful in
characterizing large data into subgroups for identify-
ing patterns with different features.

Qur analysis revealed the three patterns of four
major NCD metabolic risk factors among countries in
East Asia, Southeast Asia and Oceania. We found
that most countries in each pattern shared common
economic and geographical characteristics, and there-
fore we propose to label the three patterns according

to the income level and geographic characteristics of

the majority of the countries categorized in each
pattern. We propose to name the first pattern as
Higher-income Asian pattern, the second pattern as
Lower-income Asian pattern, and the third patter as
Pacific island pattern. Higher-income Asian pattern
presented relatively high prevalence of raised blood
cholesterol, while prevalence of obesity, raised blood
pressure and raised blood glucose remain relatively
low. Countries which show this pattern are mostly
high- and upper-middle-income countries in the
regions. It is known that total blood cholesterol is an
independent strong risk factor for ischemic heart

14. 15)

disease . Some cause-specific mortality reports

showed similar feature with our result. Many Higher-
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income Asian pattern countries, such as Japan, Korea
and Singapore, reported the increase in age-adjusted
mortality for ischemic heart disease, in spite of the
dramatically decline in stroke mortalityw). Therefore,
interventions to reduce blood cholesterol levels of the
people should be a priority in these countries for
preventing expected high morbidity and mortality
from ischemic heart diseases. Possible interventions
include promoting to take dietary fibers but not to
take excess amount of saturated fats, screening blood
cholesterol levels of people, and providing continuous
medical treatment for hypercholesterolemia.
Lower-income Asian pattern presented relatively
high prevalence of raised blood pressure, although
prevalence of obesity, raised blood glucose, and
raised blood cholesterol stayed relatively low. Most of
low- and lower-middle-income countries in Asia are
categorized in this pattern. Raised blood pressure is
the most significant risk factor of stroke, which bears

7 National

two thirds of the stroke burden globally
income was proved to be the strong predictor of
stroke mortality, and low income countries have 3.5
times higher stroke mortality rates than those of
middle- and high-income countries. For example,
Mongolia, a Lower-income Asian pattern country,
was reported to have about 5 times higher mortality
rate of stroke than that of Australia or New Zealand,
which were categorized as Higher-income Asian
pattern countries'. It is urgently needed for those
countries to control the blood pressure of people by
reducing dietary salt intake through proper health
and nutrition education, screening blood pressure
regularly, and ensuring access to affordable lifelong
antihypertensive treatment.

Pacific island pattern, observed uniquely among
low- and middle-income insular countries in Oceania,
exhibited high prevalence of obesity, relatively high
prevalence of raised blood pressure and raised blood
glucose. People in those countries are likely to suffer
from high morbidities and mortalities from stroke
and diabetes mellitus in the near future, unless effec-
tive control measures against obesity, raised blood
pressure and raised blood glucose are taken. Inte-
grated multi-sectoral interventions for improving diet
habits and physical activities are urgently required.
For example, it is needed for the people in these

countries to increase intakes of vegetables and fruits
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and to reduce intakes of canned or processed meat
with high fat and salt concentration. Therefore, not
only school and community based nutritional educa-
tion programs, but also interventions to the food
production and marketing systems would be required
simultaneously. In spite of the alarming situations of
NCD problems, systematic studies on NCD mortali-
ties and morbidities as well as detailed studies of
lifestyle risk factors in low- and middle-income Pacific
island countries were very limited. Further work is
urgently needed to develop evidence-based NCD
control strategies in these countries.

One of the interesting findings of this study was
that two Pacific island countries, Vanuatu and Papua
New Guinea, were categorized in Lower-income
Asian pattern rather than Pacific island pattern. It
means that the two countries might have relatively
lower prevalence of obesity and raised blood glucose
than the other Pacific islands countries. This phe-
nomenon might be attributed to relatively high level

9 or genetic differ-

of physical activities in Vanuatu
ence among Pacific islanders®. Since detailed NCDs
related risk factor prevalence of those two countries

and other Pacific islands countries were not available,

" the reasons why the two countries present different

features require further studies.

Although we categorized countries in East Asia,
Southeast Asia, and Oceania into three patterns of
NCD metabolic risk factors, countries are unlikely to
stay in the same pattern forever. People’s lifestyles
and nutritional status are changing along with the
social and economic development, and so will the
prevalence of NCD metabolic risk factors. Systematic
public health interventions are also expected to bring
dynamic changes in NCD metabolic risk factors.

For example, Japan is currently categorized in the
Higher-income Asian pattern; however, it had high
prevalence of hypertension and highest stroke
mortality in the world in 1960s and 70s* %", similar to
the countries categorized in the Lower-income Asian
pattern. Systolic blood pressures of Japanese people
have been successfully lowered through systematic
public health interventions, including health educa-
tion and nutrition consultations for reducing salt
intake, screening blood pressures in the local commu-
nities and workplaces, and providing affordable

continuous anti-hypertensive treatment® 2 This im-
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plies that the proper interventions would make
difference in the prevalence of NCD risk factors, and
could reduce NCD mortalities and morbidities.

The changes in the pattern of NCD metabolic risk
factor became apparent two to three decades after
the period of rapid economic development in Japan.
This suggests that low- and lower-middle-income
countries in East Asia and Southeast Asia catego-
rized in Lower-income Asian pattern may shift to be
categorized in the Higher-income Asian pattern, 20 to
30 years after the ongoing dramatic economic
growths. Therefore, unless systematic interventions
for controlling hypertension are implemented imme-
diately, these countries may suffer from dual burdens
of high prevalence of raised blood pressures and
raised blood cholesterol in the near future.

This study is the first step to highlight the features
of NCD metabolic risk factors. Based on the estimat-
ed prevalence data obtained from the WHO database,
we have identified three patterns of NCD metabolic
risk factors. Categorizing into patterns could urge
policy makers to develop appropriate joint or com-
mon strategies in the region based on the current
risk factor status.

However, this study had several limitations. First,
we chose single database to ensure the data compa-
rability across countries and times?, however, the
data might not be representative of the whole popu-
lation in each country. Sub-regional data within each
county were not available from the database. For
example, in China, NCD metabolic risk factors might
be significantly different between residents in rich
urban cities and poor farmers in remote areas. Second,
other factors which might have relevant effects on
establishing NCD pattern, such as diet, physical
activity, and socio-economic factors, were not included
in the analyses of this study, as the comparable data
were unavailable or missing in significant number of
the observed countries.

As a first step, we targeted only East Asia, South-
east Asia and Oceania regions. Next studies should
cover larger Asian areas, where NCD metabolic risk
factor feature is diverse. For example, obesity
prevalence in Middle East and Central Asia is known
to be much higher than that in East and Southeast
Asia®: and comparing to that of East Asian, obesity

for South Asians was reported to have different

contribution to cardiovascular diseases®, and cardio-
vascular disease mortality was also higher in South
Asian countries™. It would also be useful to extend
the analysis to other regions such as Africa and Latin
America. Gender differences need to be investigated

as well®, although this study used estimated preva-
lence for both sexes to ensure comparability across

countries.

V. Conclusion

Three patterns of the four major NCD metabolic
risk factors were identified in our study. The pat-
terns were labeled as: Higher-income Asian pattern,
Lower-income Asian pattern and Pacific island
pattern according to the income level and geographic
characteristics of the countries categorized in each
cluster. Countries categorized in each pattern should
set priorities for effective NCD control strategies,
taking into account of the features of the pattern.
Possible pattern transition in the future should also

be taken into consideration.
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1. Non-communicable diseases (NCD) — R EFE 42 B 0 3 7= 72 Bl R L

(T A [ ek, RIS AR O ARG BB - SRABIRE D BB, BEF ARl - REYRIE R
2l oHE RV 1990 AERLIEE . DM ERB AL O LT D AEEEER
(non-communicable diseases: NCD) O [BEANBALE(L U C & 7o, Mg E Lo B3 5 oo il A ZE
WE 1M CThY ., HELECTH 730 5TAD 8 FNT ARPIIEEICBIT 2T TH D, EKHPREF
BEICBT D NCD EIMC X » T, &R NCDEFHRAR L, BHAED 43 %h 5 2020 412
IZ60%ETHIMT 2 ETMENTWD, 2011 Fi2iF, EE A LS4, WHO S
AIZBWTNCD Y LiF s, ZOXEITEEREMREE oo Tnd,

Elo. =T A E IR EBNRRREERS A =T T 4o 7 & LT, EHE,
WHO |&, st =/8—H )b« ~ )L A - J3/NL » ¥ (universal health coverage: UHC) % #EiE L C
BY., AARBIR S TN EZREL T D, EPHAEEIZS VT UHC ZELT D101, Wk
D DR R - RYYEM RO B2 6T, FEEKRTHY BN 7R3 0EE 45 NCD
MRARESEDLHLEND D,

Ll Z2< OIERTEHEEIICB WV TIE, NCD OEET S FoBENTE LT, Fx
FRLREMMB AR ITE S Ty, mx T, EFFHHEEICB WX, BEY - ho o
FERBAREN, MAMICHRFZRLED NCD BEV A7 2ENsEs 2 LbEfManT
W5, HREHIZEIT D NCD ERREN T OEELFAET 5720, WHO I, HEREE CIE
#e{b & 7= NCD fEfRIK 584 [WHO STEPwise approach to surveillance (STEPS)] %
L, FETOEMEZED TV D,

2. T =7 BUHIR - ST AITEIT S NCD BT AR

FE T =7 BWHIE T, IEEENRE DO TEL, NCDIZEERR L 72> T\ 5, 2000
FELIKE, STEPS RENA T =7 HE THIEKITLAD L O 12 ->72, 2010 £, NCD
{2 EEIEH FHHE'E S (State of Health Emergency on NCD) 725, A7 & UL Hb B 7 (it 40 X5 B i A
EhHEn, 37 ex v 7 HEOTEREE «- KttE. K PEREMBEEES, I 71
XUTIEMEERES, BLOI 7 ox v THEORGEHFETICL > TAR IR,
RIFT AT =T7EEOBEET, 2011 F 1 AEVFTE 6,510 X RALOHRTEETH
L. BAOR2FA, 981 F3FAN o — LHKIcER LTS, EHHNHE—OET
BT, “RVXADOERS—ECRANEHINA D, EBREHIZREE Y —H 6 %
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Frén b, HliFRIZ—RERS —EREZRBEL TS, iz, 22— VHURIZE, REY
U=y 7 MR35 FTd 2, ZRERPNLERGEIZENMENTLOIN . ZOL5 2EBED3 %
28 NCD B#ETh 5, THRIRET —ERAIKENILZELZZ T TCWT, BET—E XX
REETEPOXHLTEY . REEDOEEED 55 %2 NCD BE#ETH D,

el 72 5%, JERD 74 % A NCDBEETH Y, NCD BAELTH DK 4 Fid 60 5%
R TH D, RIEEOHE TIE, RADK 80 %28 BMI 25 LI E DB EE, #4454 BMI 30
UEDOREMTH Y JEHAZ VD E AT ANOEBRHBEICLEFGLTVWD IR TN,
PREEE T, B - NCD 2 EERBELR L THY, BEFOLE(., Tbb, Ehn U —K
BETHHZAuEREOGRMAEREZZECHB LR 2V, BEOZVAEEGHE R %
ZRL. BE-BYWEEBLRNEIII o &0, EHAREN, TOEREEZZLNLTWY
%, 2011 4, NCD HNMITERZOREAERETHD LT HREES LRSI N, NCD O
ERERAEICE SV, BEHTED IR EERT2I2EE> TV oz,

3. R AFITBIT B NCD BEERE

fREE & WHO I, 2011~2013 £, 25~64 WD /X T A{FERE> L EEBE L 7= 2,200 A
Zxtgl LT, STEPS AE A EM L7/-, FAEIX. EAMNIZ WHO OREEFE HIEIZE-> T
PLFD3 AT v 7o TIThN R, XNT7F0RMICEEG S, flzilerayofff
WETAEMEEMT AR E, —HEEEMZ T,

[AF v 7 1] EERMEIC L 2EERE  BERNAIT. £, BE. BEskmn., s
. RA, BFEORR, BE, FNaBlUlbvrevofl. FRiEER Y,

(AT 7 2] EEHNE R, KE, EM. ERE, hE,

[AT v 7 3] MEKRE : F—FX 7 NVHERICL D, ZEFME, OFRa L 272 — )1,
"HDL =2V 27 v — )L, IO HE,

Mz T, REB LEFELOHEF — L2081 L T, 2013 . 18~24 BOERICKT 2
REEDORHEZITo7-, 20 FOMEEBREIZLD &, 18~214 EERO AD X 1,681 AT
B, RIATHME—OREHAEHRETHE T4 a3a=F1 Bl vy (PCC) ILEE
T2 18~24 D FEAEIT A3 AN ThoT, AEXNEH . AEICBEENICH I LTI NTZA
LR, PCCHAERZFLIZHEEALED 356 ARSI L, Lid25~64 o xt® s L
7o STEPS fHE HIEICR > TEBLEN, FEBEZNR L TH-0, BREYWOEREIZL
HRLLHELVWEBEARC, BEEMER. AV~ 2 PICET2EMEZEM LT,

4, RS FITHBIT B NCD &% DEREF DR
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ABSTRACT

Background: Although non-communicable diseases (NCDs) have become the predominant

health problems of Palauan society, there was no comprehensive data of NCD risk factors

available to develop effective control strategies. The first Palauan national STEPwise approach

to risk factor Surveillance (STEPS) was, therefore, completed in mid-2013 to provide

information for its adult population aged 25 to 64 years. This study aims at obtaining the data

from the younger adults aged 18 to 24 years, which remained yet to be surveyed.

Methods: We conducted an epidemiological study, targeting the 18-24 age group. A survey

station and a mobile team were established to recruit voluntary participants dwelling in Koror.

A slightly modified WHO STEPS instrument was used, including a structured questionnaire for

behavioral risk factors, physical measurements and blood tests.

Results: A total of 356 young people had been recruited during the survey. In both sexes, nearly

half of the participants were overweight/obesity. The prevalence of hypertension was higher in

men than that in women (17.6% vs. 1.7%). Raised blood glucose and impaired fasting glucose

were observed in 3.5% and 5.2% of the total participants, respectively. About 36% of the

subjects were observed as raised levels of total cholesterol. More than 70% of the young people

were current tobacco users in terms of all kinds of tobacco products.

Conclusions: The current survey, for the first time, revealed a high prevalence of NCD risk

factors, especially of overweight/obesity and tobacco use among young people in Palau. It
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20 indicates that swift measures against NCDs are required even from the young age group.

21

22  Key words: Non-communicable disease, WHO STEPS, obesity, tobacco use, Pacific islanders
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INTRODUCTION

Over the past decade, the increasing burden of non-communicable diseases (NCDs) in Palau
has been recognized as a serious public health threat. As early as the 1970s, notable shifts in
dietary patterns and lifestyle changes often associated with NCDs were already reported.! In
2011, the national mortality data showed that four leading causes contributed to more than two
thirds of all deaths, namely cardiovascular disease (24.3%), cancer (21.4%), chronic respiratory
disease (12.7%) and diabetes (9.8%),* indicating that NCDs are the predominant health
problems of the islanders.

Several population-based surveys for adult NCD risk factors have been conducted, i.e. the
Palau Community Health Assessment (PCHA) completed in 2003, and the behavioral risk
factor surveillance system (BRFSS) initially piloted in 2010, conducted in 2012, and presently
adopted as an annual surveillance tool. Although information on various NCD related
behavioral risk factors were collected from PCHA and BRFSS, physical and biochemical
measurements were not included. Accordingly, the Palauan Ministry of Health collaborated
with the World Health Organization (WHO) to launch the first comprehensive nationwide
survey, i.e. STEPwise approach to risk factor Surveillance (STEPS), in late 2011 and completed
the entire data collection in mid-2013.

The WHO STEPS approach has been developed as a simple and standardized method, which

can be implemented in all countries to monitor NCD risk factors. Using the same standardized
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questions and protocols to collect small amounts of useful information, makes it possible not
only to observe within-country trends but also to make comparisons across countries. Its
sufficiently flexible framework allows each country to expand on the core modules, and to
incorporate optional modules to meet local and regional interests. For low and middle income
countries, the WHO STEPS offers an entry point to begin NCD surveillance activities, and
helps them develop the capacity of their surveillance systems.*

In Palau, the national STEPS survey was targeted at all adult residents aged 25 to 64 years.
However, the younger adults aged 18 to 24 years were not its targeted population. This young
age group was also not included in various school health surveys conducted in Palau, and

therefore this study was carried out to investigate major NCD risk factors among the young

people of 18-24 years of age.

METHODS

The STEPS instrument includes three levels, or ‘Steps’, and within each level, risk factor
assessment is divided into core, expanded and optional items. The Palauan national STEPS
covered the core and expanded items of three Steps for eight major behavioral and biological
risk factors, i.e. tobacco use, harmful alcohol consumption, unhealthy diet, physical inactivity,
overweight and obesity, raised blood pressure, raised blood glucose, and abnormal blood lipids.

As given below, we slightly modified the STEPS instrument to fit the characteristics of the
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young people population and other specific interests and needs in Palau for the current study.

Step 1: questionnaire-based assessment

In addition to basic socio-economic information and all standard modules for self-report
behavioral measurements, extra questions were added to assess mental health, sleep habits and
illicit drug use. Moreover, adaptations were made to the standard modules of the STEPS to
address specific health priorities and concerns in Palau. For example, findings from PCHA 2003
showed that over half (58.4%) Palauan adults were betel nut chewers, and the majority of those
individuals (84.3%) chewed with tobacco. Questions about betel nut use and betel nut with
tobacco were added to the tobacco use module accordingly. The module of dietary behaviors
for Palauan national STEPS merely included the consumption of fruits, vegetables, and fats and
oils. In order to overview the nutritional status of the public, we posed questions about the
consumption of meat, fish, dairy products, processed/canned foods, and sugar-sweetened

beverages.

Step 2: physical measurements

This Step included measurements of weight and height, waist and hip circumferences, and

blood pressure. The anthropometric examination was performed without shoes and any heavy

clothing. Before measuring blood pressure, participants were asked to sit quietly for about 5
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minutes and place their elbows on the table so that the cuff is the level with their hearts. Each

participant’s blood pressure measurement was taken three times in the upper arm by using

automatic digital blood pressure monitors (Omron HEM-7200). The three readings of blood

pressure were recorded, and the arithmetic mean of the second and third readings was used for

the analysis.

Step 3: biochemical measurements

Capillary whole blood sample were drawn using the fingertip lancing technique, immediately

followed by biochemical tests conducted on portable devices. We adopted ACCU-CHEK Aviva

blood glucose meter (Roche Diagnostics K.K., Japan) for measuring fasting blood glucose

levels, and POCket Lipid (Techno Medica Co., Ltd., Japan) for blood lipids. In addition to total

cholesterol and fasting triglycerides, HDL-cholesterol was measured, and LDL-cholesterol was

calculated via Friedwald Equation in the Step 3.

Study population and the setting

We referred to data from the Palau Mini-Census 2012 for the study design, because the latest

population and housing censuses of Palau, carried out in 2005, might not be able to accurately

reflect the current population composition. The national population between 18 and 24 years

old was reported as 1,681 (793 females and 888 males), and more than 80% of this age group
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reside in Koror, the most populated urban area in the country. Thus, we defined the study
population as adults 18-24 years living in Koror, and roughly half of the total population within
this age group, 600, was expected and considered as the feasible sample size for our study. We
established a survey station at Palau Community College (PCC), located in the center of Koror
to provide superior geographical access to all potential participants. In addition, PCC is the only
institution for college-level education in Palau, and the single organization which contains the
most members of the target age group (473 students). In order to reach as many potential
participants as possible, we had also dispatched a mobile survey team to a few local

communities and major employers in Koror.

Staff training

A total of 8 staff members of the Ministry of Health joined our study team. Six of them were
trained as interviewers for the Step 1 and the staff of physical measurements for the Step 2. As
well as role-playing interviews between staff members, we recruited a few voluntary students
from PCC as interviewees of the questionnaire pretest. According to the feedback from the staff
during the training, the questionnaire was revised a number of times. In the end of the training,
all of the staff members were confirmed to be able to confidently complete the questionnaire-
based interview in English within 35 minutes. For the biochemical measurements (Step 3), the

other two members, who have plenty of experience on blood tests with the Palauan national
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