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a b s t r a c t

Objective: This study aims to evaluate the characteristics, nutrition status, consciousness of health of
subjects in the Solomon Islands, and to assess the factors that contribute to obesity, whether socio -
environmental or behavioral in the capital city of the Solomon Islands, to indicate the way for effective
health promotion.
Methods: A case-control study was conducted with 57 cases of obesity and 57 controls. Anthropometric
measurements, the surveys of socio-economic status, behavioral status, nutrition status, dietary diversity,
knowledge of NCDs, consciousness of health, and awareness of nutrition were conducted. Logistic
regression analysis was conducted to identify factors significantly associated with obesity.
Result: Significant odds ratio of dietary diversity, education level, and frequency of dark green leafy
vegetables was 0.71, 0.31 and 0.29, respectively. Cases significantly had lower amount of protein,
consumed less fish, meat, and dark green leafy vegetables than controls.
Conclusion: The present study suggested that higher educated people take care of their health to keep
healthy weight, and low diversity of food intake and low frequency of eating green leafy vegetables are
the factors to increase rate of obesity. Strategies to improve education standards, give people nutrition
and health education to have more diverse food are needed.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

In September 2015, the 2030 Agenda for Sustainable Develop-
ment with 17 Sustainable Development Goals (SDGs) was adopted
at the United Nations General Assembly in New York (United
Nation, 2015). Non Communicable Diseases (NCDs) such as cardio
vascular diseases, diabetes, etc. were acknowledged as one of the
major global development challenges of the next 15 years (WHO,
2015). According to the World Health Organization (WHO), more
than 38 million out of 56 million deaths in the world in 2012 were
caused by NCDs, and more than 72% of the mortality of NCDs in the
world occur in low- and middle-income countries which suffer
from the double burden of NCDs and communicable diseases
tsuke-shi, Tochigi-ken, 329-

. Tsuchiya).
(WHO, 2012).
Obesity is one of the leading worldwide causes of death by

NCDs. The highest prevalence of obesity and diabetes in the world
is found in the Pacific Island countries (PICs) (Hawley and
McGarvey, 2015). NCDs impose a heavy burden of cost on health
and finances in PICs because NCDs require a long duration of
treatment (Anderson, 2013). The Solomon Islands are one of the
Melanesian countries located in the Pacific, northeast of Australia. It
is the second least developed country in the group. According to the
surveillance of these chronic disease risk factors by WHO, the
prevalence of overweight (WHO, 2016) and obesity (WHO, 2016)
among women in the Solomon Islands is 72.7% and 40.4%, respec-
tively. Amongmen, 62.5% were overweight and 25.8% of these were
obese. NCDs are estimated to cause 60% of the total deaths in the
Solomon Islands (WHOWestern Pacific region, 2006). Urbanization
has had a dramatic impact on the economy as people moved from a
traditional self-sufficient economy to a cash economy. Traditional
food such as fresh fish, tubers, and local vegetables were replaced
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by processed food such as white rice, white flour, cannedmeats and
canned fishes (Andersen et al., 2013). NCDs in the Solomon Islands
are due to a number of factors. The immediate factors may be
lifestyle behaviors such as lack of physical activity, drinking, and
smoking. However, socio-environmental factors such as economic
mood and politics, and social circumstances are the real underlying
origins of NCDs (Hughes and Lawrence, 2005).

However, there is little information about the factors associated
with NCDs. Therefore, the aims of this study are to evaluate the
characteristics, nutrition status, consciousness of health of subjects,
and to assess the factors that contribute to obesity, whether socio-
environmental or behavioral to indicate theway for effective health
promotion in order to improve both health and lifestyle in the
Solomon Islands.

2. Material and method

2.1. Design and subjects

We conducted a case-control study with 57 cases of obesity and
57 controls. The subjects for this study were adults aged 20 or over,
in two clinics, a general clinic and the NCD clinic in the capital city,
Honiara located in the northern coast of Guadalcanal island, on one
of the main islands of the Solomon Islands. The subjects of obese
group were the all patients with a BMI over 30 kg/m (WHO, 2015)
who came to the NCD clinic during July 2016. The control groupwas
recruited by an opportunistic sampling of patients from the general
clinic. All the subjects in the control group were either normal or
overweight with a BMI less than 29.9.

The general clinic is an outpatient facility, which provides
diagnosis, treatment, injections and counseling services. The NCD
clinic is also an outpatient facility, which provides services to check
blood sugar level, height, weight, waist circumference, and coun-
seling about dietary intake, physical activity, tobacco and alcohol
control for NCD patients suffering from obesity, diabetes, hyper-
tension, heart diseases, gout, and so on. This study was conducted
from July 1st to July 31st, 2016. The following items were investi-
gated for all subjects: anthropometric measurements, socio-
economic status, behavioral status, nutrition status, dietary di-
versity, knowledge of NCDs, consciousness of health, and attitude
and awareness of nutrition, as details described below. The present
surveys were implemented by conducting one to one interviews in
Pidgin language.

2.2. Anthropometric measurements

Weight, height, and waist circumferenceweremeasured. Height
was measured using Seca 213 Portable Stadiometer (model 213,
SECA, Germany) with a precision of 0.1 cm. Weight was measured
using a portable scale (BC-705N, Tanita, Japan) with a precision of
0.1 kg. The participants were asked to wear minimal clothes, no
shoes and no socks. Blood pressure was measured using portable
blood pressure machine (HEM-1010, OMRON, Japan). Waist
circumference was measured over light clothes using a tape mea-
sure. The nutrition status was defined using Body Mass Index
(BMI ¼ kg/m (WHO, 2015)). In this study, normal weight was
defined as BMI less than 25, overweight as BMI 25e29.9, and
obesity was BMI more than 30.

2.3. Socio-economic status

A one to one interview was conducted with a questionnaire to
obtain data consisting of gender, occupation, marriage status,
household income level, education level, years of living in the
capital, current number of household members, home province,
religion, possession of electricity at home. Education level was
categorized into 4 groups; no formal education, primary school,
secondary school, and high school or higher.
2.4. Behavioral status

A one to one interview was conducted with a questionnaire
which consisted of the items regarding smoking and alcohol
drinking behavior, main information media source, property of a
garden, fishing behavior, frequency of eating out, and frequency of
exercise. The Rapid Assessment of Physical Activity (RAPA) was
used to assess exercise frequency (Patrick et al., 2006).
2.5. Nutrition status and dietary diversity

Twenty four-hour dietary recall method was conducted to
obtain detailed information about all food and beverages consumed
on the previous one day. The participants recalled the ingredients
and the amount of food they ate the day before.

For the amount of intake each meal, the participants looked at
photos of rice and potatoes with photos with three portion sizes;
Large (300 g), Medium (200 g), and Small (100 g), and chose the one
closest to their intake. The amounts of other foods were self-
reported. Each participant's total energy intake, three major nu-
trients (protein, fat, and carbohydrate) intake, and PFC balance (the
share of energy sources by Protein, Fat, and Carbohydrate) were
estimated by “NutriSurvey 2007”software (Erhardt, 2005).

Then FAO's Individual Dietary Diversity Score (IDDS) (Swindale
and Bilinsky, 2006) was calculated to investigate food adequacy
and dietary quality using the checklist consisting of 14 food groups
(Cereals; Vitamin A rich vegetables; White tubers and roots; Dark
green leafy vegetables; Other vegetables; Vitamin A rich fruits;
Other fruit; Organ meat; Flesh meats; Eggs; Fish; Legumes, nuts,
and seeds; Milk and milk products; Oils and fats) with the result of
24-h dietary recall.

Dietary diversity was also investigated using the 11- item Food
Diversity Score Kyoto (FDSK-11) questionnaire (Kimura et. al, 2012).
The FDSK questionnaire consists of 11 food items (Grains; Potatoes;
Vegetables; Meat; Fish; Dairy products; Eggs; Beans; Seaweed;
Fruits; Nuts) and asks the frequency of consumption of these foods
in an average week over the previous 6 months. The questionnaire
was created based on standard tables of food composition in Japan.
After the data collection, for each group, participants who
consumed the groupmore than once aweek, a score of 1 was given,
and a score of 0 was given for participants who consumed the
group less than once a week. The highest FDSK score is 11, and a
higher FDSK score indicates higher dietary diversity.

Learning experience about nutrition and learning location were
also asked using the questionnaire.
2.6. Knowledge of NCDs, consciousness of health, and attitude and
awareness of nutrition

To assess basic knowledge about NCDs, the questionnaire asking
if they knew about the 8 factors of NCDs (Yes/No) based on Action
Plan, WHO (2013).

To obtain information on consciousness of health, the questions
about weight control, whether becoming fat was attractive or not,
their preference for local food and processed food, and whether
they thought vegetables and animal protein foodwere expensive or
not were asked. The answers for those questions were one of the
following candidates: agree, disagree, or neither.



Table 1
Socio-economic charactaristics by group.

Total

Group P-Value

Cases Controls

(n ¼ 114) (n ¼ 57) (n ¼ 57)

Age 40.58 (14.1) 49.30 (13.2) 31.86 (8.6) <0.001
Sex (%)
Male 52 (45.6) 18 (31.6) 34 (59.6) 0.005
Female 62 (54.4) 39 (68.4) 23 (40.4)

Marriage status (%)
Married 93 (81.6) 51 (89.5) 42 (73.7) 0.018
Divorced/Widowed 5 (4.4) 3 (5.3) 2 (3.5)
Never married 16 (14.0) 3 (5.3) 13 (22.8)

Family hold number
(mean ± SD)

6.94 (4.2) 7.25 (4.2) 6.63 (4.2) 0.432

Years living in Honiara
(mean ± SD)

18.32 (14.8) 21.82 (16.4) 14.83 (12.3) 0.013

Education level (%)
No formal education 14 (12.3) 11 (19.3) 3 (5.3) 0.001
Primary school 40 (35.1) 27 (47.4) 13 (22.8)
Secondary school 31 (27.2) 10 (17.5) 21 (36.8)
High school or more 29 (25.4) 9 (15.8) 20 (35.1)

House hold Income levela,b

(mean ± SD)
2227.35
(4064.8)

2853.74
(5654.8)

1636.42
(1242.8)

0.129

Possession of electricity at home(%)
Yes 40 (46.5) 26 (60.5) 14 (32.6) 0.017

Occupation(%)
None 47 (41.6) 27 (48.2) 20 (35.1) 0.495
Trader 8 (7.1) 4 (7.1) 4 (7.0)
Government 19 (16.8) 8 (14.3) 11 (19.3)
Bussiness 8 (7.1) 4 (7.1) 4 (7.0)
Employer 26 (23.0) 9 (16.1) 17 (29.8)
Others 1 (0.9) 1 (1.8) 0 (0.0)
Farmer 3 (2.7) 2 (3.6) 1 (1.8)
Fisher 1 (0.9) 1 (1.8) 0 (0.0)

Health status (%)
Good 77 (68.1) 31 (54.4) 46 (82.1) 0.002
Not good 36 (31.9) 26 (45.6) 10 (17.9)

Home province (%)
Central 3 (2.6) 1 (1.8) 2 (3.5) 0.485
Choisel 1 (0.9) 0 (0.0) 1 (1.8)
Guadalcanal 11 (9.6) 4 (7.0) 7 (12.3)
Isabel 3 (2.6) 2 (3.5) 1 (1.8)
Makira 2 (1.8) 2 (3.5) 0 (0.0)
Malaita 76 (66.7) 39 (68.4) 37 (64.9)
Rennel 0 (0.0) 0 (0.0) 0 (0.0)
Temotu 3 (2.6) 1 (1.8) 2 (3.5)
Western 12 (10.5) 5 (8.8) 7 (12.3)
Other 3 (2.6) 3 (5.3) 0 (0.0)

Religion(%)
Jehovah Witness 3 (2.7) 3 (5.3) 0 (0.0) 0.594
Catholic 20 (18.0) 9 (15.8) 11 (20.4)
Melanesian 24 (21.6) 14 (24.6) 10 (18.5)
SDA 19 (17.1) 9 (15.8) 10 (18.5)
United Church 6 (5.4) 4 (7.0) 2 (3.7)
SSEC 33 (29.7) 15 (26.3) 18 (33.3)
Bible Way 1 (0.9) 1 (1.8) 0 (0.0)
COC 1 (0.9) 0 (0.0) 1 (1.9)
AOG 3 (2.7) 1 (1.8) 2 (3.7)
Revival Church 1 (0.9) 1 (1.8) 0 (0.0)

P-values were calculated using the Chi-squared test and Student's t-test.
SD ¼ Standard deviation.

a Income ¼ (SBD/2weeks).
b 1SBD ¼ 0.13USD (05.05.17).
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2.7. Ethical considerations

This study was conducted following the guidelines of the
declaration of Helsinki, and was approved by the Ethics Committee
of Kobe University (project number 475) and Solomon Islands
Health Research and Ethics Review Board, Ministry of Health and
Medical services (HRE No. 034/16). Oral informed consents were
obtained from all the subjects.

2.8. Statistical analysis

All the statistical analyses and calculations were conducted us-
ing R software with EZR package (Kanda, 2013). The student's T test
and Chi-squared test were used for comparing the data between
cases and controls.

Logistic regression analysis was used to obtain odds ratio of
cases (obesity) separately for each explanatory variable which
showed significant difference between the groups by univariate
analysis: marriage status, alcohol behavior, IDDS, FDSK score, Ed-
ucation status, smoking behavior, media source, possession of
electricity, protein balance, experience learned at clinic and school,
frequency of eating meat and fish, and exercise frequency, where
the effects of age and gender were commonly adjusted.

3. Result

3.1. Socio-economic characteristics

Table 1 shows participant's socio-economic characteristics by
group. Among the obese group, a total of 57 adults (18 male and 39
female) participated. Among the control group, a total of 57 adults
(34 male and 23 female) participated (Table 1). Significant differ-
ences between groups were observed across health status, sex, age,
marriage status, education level, years of living in the capital, and
the possession of electricity at home. The controls had significantly
better health status and better education level. The cases were
significantly older, had a larger proportion of females, more mar-
ried people, longer years of living in the capital (P < 0.05). The
number of participants who had electricity at home was signifi-
cantly higher in the cases than in the controls. Regarding house
hold income level, there was no significant difference, but the cases
tended to have a higher income level.

3.2. Anthropometric characteristics

Table 2 shows participant's anthropometric characteristics.
Regarding anthropometric characteristics, significant differences
between groups were observed across height, weight, BMI, waist
circumstance, and both systolic and diastolic blood pressure. The
mean BMI in cases was 35.43 and in controls was 25.94. The cases
had significantly higher height, BMI, higher waist, and higher blood
pressure (P < 0.05).

3.3. Behavioral characteristics

Table 3 shows the behavioral characteristics. Frequency of
alcohol drinking and smoking was significantly higher among
controls (P < 0.05). The cases did moderate or vigorous physical
exercises significantly less frequently than controls (P < 0.05). The
total population of doing moderate exercise regularly was only
10.6%. Regarding the main media source, both groups said the
newspaper was their main media source. Second major media
source was radio in both groups. In the cases, the number of sub-
jects who chose people as main media source was same as those
who chose radio. The number of subjects who had a garden at
home and fished for sustenance showed no significant difference
between the cases and controls. The total population of people who
have own gardenwas 41.2%, and do fishing for sustenance was 8.9%
3.4. Nutrition status

Table 4 shows the nutrition status. Mean of total energy intake
per day in the cases tended to be lower than in the controls. Cases



Table 2
Participant's anthropometric charactaristics by group (Figures are mean ± SD).

Total

Group P-Value

Cases Controls

(n ¼ 114) (n ¼ 57) (n ¼ 57)

Height(m) 1.60 (0.1) 1.58 (0.1) 1.63 (0.1) <0.001
Weight (kg) 78.45 (15.5) 88.15 (13.8) 68.76 (10.0) <0.001
BMI 30.68 (6.1) 35.43 (4.7) 25.94 (2.9) <0.001
Waist (cm) 96.38 (14.5) 107.59 (9.5) 85.75 (9.4) <0.001
SBP(mm Hg) 121.70 (18.3) 127.54 (21.7) 116.18 (12.1) 0.001
DBP(mm Hg) 76.03 (11.3) 78.72 (12.6) 73.47 (9.3) 0.014

P values were calculated using the student's t-test.
BMI ¼ Body mass index.
SD ¼ Standard deviation.
SBP ¼ Systolic Blood Pressure.
DBP ¼ Diastolic Blood Pressure.

Table 3
Behavioral characteristic by group.

Total

Group P-Value

Cases Controls

(n ¼ 114) (n ¼ 57) (n ¼ 57)

Alcohol frequency (%)
Never 99 (87.6) 56 (98.2) 43 (76.8) 0.001
1e2 day/week 12 (10.6) 1 (1.8) 11 (19.6)
3e4 day/week 1 (0.9) 0 (0.0) 1 (1.8)
5e6 day/week 0 (0.0) 0 (0.0) 0 (0.0)
7 day/week 1 (0.9) 0 (0.0) 1 (1.8)

Smoking behavior (%)
Never 94 (83.2) 53 (93.0) 41 (73.2) 0.015
1e2 day/week 2 (1.8) 0 (0.0) 2 (3.6)
3e4 day/week 3 (2.7) 0 (0.0) 3 (5.4)
5e6 day/week 0 (0.0) 0 (0.0) 0 (0.0)
7 day/week 14 (12.4) 4 (7.0) 10 (17.9)

Exercise frequency (%)
Sedentary or light physical
activities/week

101
(89.4)

56 (98.2) 45 (80.4) 0.002

Moderate or vigorous physical
activities/week

12 (10.6) 1 (1.8) 11 (19.6)

The number of meal in a day
(mean ± SD)

2.83 (0.4) 2.79 (0.5) 2.88 (0.3) 0.239

The frequency of eating out (%)
0/week 57 (50.9) 40 (70.2) 17 (30.9) 0.001
More than 1/week 55 (49.1) 17 (29.8) 38 (69.1)

Main mediasouce (%)
TV 10 (8.9) 5 (8.8) 5 (9.1) 0.042
Radio 24 (21.4) 13 (22.8) 11 (20.0)
People 16 (14.3) 13 (22.8) 3 (5.5)
Newspaper 60 (53.6) 25 (43.9) 35 (63.6)
Family 1 (0.9) 0 (0.0) 1 (1.8)

Have garden at home (%)
Yes 47 (41.2) 24 (42.1) 23 (40.4) 1

Do fishing (%)
Yes 10 (8.9) 3 (5.4) 7 (12.5) 0.321

P-values were calculated using the Chi-squared test and the Student's t-test.

Table 4
Nutrition status by group.

Total

Group P-Value

Cases Controls

(n ¼ 114) (n ¼ 57) (n ¼ 57)

IDDS (mean ± SD) 6.54 (1.79) 6.16 (1.93) 6.93 (1.55) 0.020
FDSK score (mean ± SD) 7.46 (1.95) 7.00 (1.75) 7.91 (2.05) 0.012
Energy intake(Kcal)

(mean ± SD)
1534.52
(491.00)

1459.63
(541.94)

1609.41
(425.85)

0.104

Three major nutrients intake (mean ± SD)/day
Protein(g)/day 48.65 (25.95) 43.02 (23.74) 54.28 (27.02) 0.020
Fat(g)/day 24.28 (15.14) 23.17 (16.92) 25.40 (13.19) 0.433
Carbohydrate(g)/day 258.52

(88.36)
246.76
(92.22)

270.27
(83.48)

0.156

PFC balance(mean ± SD)
Protein (%) 13.64 (6.00) 12.77 (5.55) 14.51 (6.35) 0.123
Fat(%) 14.27 (6.88) 14.07 (7.10) 14.47 (6.71) 0.756
Carbohydrate (%) 72.02 (9.40) 73.05 (8.90) 70.98 (9.84) 0.241

Fish consumption/day Canned fish (%)
Yes 76 (66.7) 34 (59.6) 42 (73.7) 0.164

Fresh fish(%)
Yes 32 (28.1) 11 (19.3) 21 (36.8) 0.060

Learning experience about nutrition(%)
Yes 95 (84.1) 49 (86.0) 46 (82.1) 0.616

Learning location about nutrition(%)
at clinic 45 (39.8) 35 (61.4) 10 (17.9) <0.001
at school 63 (55.8) 21 (36.8) 42 (75.0) <0.001
at church 3 (2.7) 1 (1.8) 2 (3.6) 0.618
at work place 1 (0.9) 1 (1.8) 0 (0.0) 1.000
education material 6 (5.3) 3 (5.3) 3 (5.4) 1.000
mediasouce 5 (4.4) 3 (5.3) 2 (3.6) 1.000
health talk 2 (1.8) 2 (3.5) 0 (0.0) 0.496

P-values were calculated using the Chi-squared test and the Student's t-test.
IDDS ¼ Individual dietary diversity score.
FDSK ¼ 11-item Food Diversity Score Kyoto.

Table 5
The frequency of each item by Individual Dietary Diversity Score test.

Total

Group P-Value

Cases Controls

(n ¼ 114) (n ¼ 57) (n ¼ 57)

Cereals(%) Yes 106 (93.0) 53 (93.0) 53 (93.0) 1
VitaminA rich vegetables(%) Yes 1 (0.9) 0 (0.0) 1 (1.8) 1
White tubers and roots(%) Yes 70 (61.4) 31 (54.4) 39 (68.4) 0.178
Dark green leafy vegetables(%) Yes 65 (57.0) 25 (43.9) 40 (70.2) 0.008
Other vegetables(%) Yes 35 (30.7) 19 (33.3) 16 (28.1) 0.685
VitaminA rich fruits(%) Yes 11 (9.6) 7 (12.3) 4 (7.0) 0.528
Other fruit(%) Yes 35 (30.7) 17 (29.8) 18 (31.6) 1
Organ meat(%) Yes 0 (0.0) 0 (0.0) 0 (0.0) NA
Flesh meats(%) Yes 20 (17.5) 10 (17.5) 10 (17.5) 1
Egg(%) Yes 3 (2.6) 3 (5.3) 0 (0.0) 0.243
Fish(%) Yes 88 (77.2) 38 (66.7) 50 (87.7) 0.013
Legumes, nuts, and seeds(%) Yes 65 (57.0) 27 (47.4) 38 (66.7) 0.058
Milk and milk products(%) Yes 5 (4.4) 4 (7.0) 1 (1.8) 0.364
Oil and fats(%) Yes 82 (71.9) 35 (61.4) 47 (82.5) 0.021

P-values were calculated using the Chi-squared test.
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had significantly lower protein intake than the controls (P < 0.05).
PFC balance between the two groups showed no significant dif-
ference. The overall PFC balance was: protein 13.6%, fat 14.3%, and
carbohydrate 72.0%. Regarding experience to learn about nutrition,
84.1% of the all subjects had some experience. The proportions
where the subjects learned nutrition significantly differed between
cases and controls: the cases had more at a clinic and the controls
had more at schools (P < 0.05).
3.5. Dietary diversity

Table 4 shows the results of the twenty four-hour dietary recall.
The mean of IDDS was 6.16 in the cases and 6.93 in the controls,
which significantly differed each other (P < 0.05). Table 5 shows the
frequency of each item by IDDS test. The results showed that the
cases significantly consumed less fish, dark green leafy vegetables,
legumes, nuts and seeds, and oil than the controls (P < 0.05).
Regarding animal protein intake, 17.5% of the all subject had meat
every day, 77.2% fish, and 2.6% eggs (Table 5). The proportions of
eating fish every day in the cases and controls were 66.7% and
87.7%, respectively (Table 5). Regarding kind of fish in two groups,
66.7% had canned fish, and 28.1% had fresh fish (Table 4). Regarding
the consumption of fresh fish, the proportion of eating fresh fish
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tended to have lower in the cases than in the controls.
Regarding FDSK score, the mean FDSK scores were 7.00 and 7.91

in the cases and controls, respectively, where the former was
significantly lower than the latter (P< 0.05) (Table 4). Table 6 shows
the frequency of each item eaten in an average week for the cases
and the controls, separately by FDSK. The frequency of meat intake
among the cases was significantly lower than that among the
controls (P < 0.05).
Table 6
The frequency of each item by FDSK.

Total

Group P-Value

Cases Controls

(n ¼ 114) (n ¼ 57) (n ¼ 57)

Grain
Hardly eat 5 (4.4) 4 (7.0) 1 (1.8) 0.634
Sometimes 9 (8.0) 5 (8.8) 4 (7.1)
Often 37 (32.7) 18 (31.6) 19 (33.9)
Everyday 62 (54.9) 30 (52.6) 32 (57.1)

Potatoes
Hardly eat 8 (7.1) 4 (7.0) 4 (7.1) 0.375
Sometimes 23 (20.4) 9 (15.8) 14 (25.0)
Often 37 (32.7) 17 (29.8) 20 (35.7)
Everyday 45 (39.8) 27 (47.4) 18 (32.1)

Meat
Hardly eat 68 (60.2) 42 (73.7) 26 (46.4) 0.01
Sometimes 38 (33.6) 12 (21.1) 26 (46.4)
Often 4 (3.5) 2 (3.5) 2 (3.6)
Everyday 3 (2.7) 1 (1.8) 2 (3.6)

Fish
Hardly eat 5 (4.4) 3 (5.3) 2 (3.6) 0.338
Sometimes 19 (16.8) 13 (22.8) 6 (10.7)
Often 29 (25.7) 13 (22.8) 16 (28.6)
Everyday 60 (53.1) 28 (49.1) 32 (57.1)

Egg
Hardly eat 80 (70.8) 43 (75.4) 37 (66.1) 0.436
Sometimes 30 (26.5) 12 (21.1) 18 (32.1)
Often 2 (1.8) 1 (1.8) 1 (1.8)
Everyday 1 (0.9) 1 (1.8) 0 (0.0)

Dairy
Hardly eat 86 (76.1) 47 (82.5) 39 (69.6) 0.114
Sometimes 13 (11.5) 3 (5.3) 10 (17.9)
Often 1 (0.9) 1 (1.8) 0 (0.0)
Everyday 13 (11.5) 6 (10.5) 7 (12.5)

Vegetables
Hardly eat 1 (0.9) 1 (1.8) 0 (0.0) 0.928
Sometimes 15 (13.3) 8 (14.0) 7 (12.5)
Often 30 (26.5) 14 (24.6) 16 (28.6)
Everyday 67 (59.3) 34 (59.6) 33 (58.9)

Seaweed
Hardly eat 109 (96.5) 55 (96.5) 54 (96.4) 1
Sometimes 4 (3.5) 2 (3.5) 2 (3.6)
Often 0 (0.0) 0 (0.0) 0 (0.0)
Everyday 0 (0.0) 0 (0.0) 0 (0.0)

Beans
Hardly eat 26 (23.0) 16 (28.1) 10 (17.9) 0.366
Sometimes 74 (65.5) 37 (64.9) 37 (66.1)
Often 10 (8.8) 3 (5.3) 7 (12.5)
Everyday 3 (2.7) 1 (1.8) 2 (3.6)

Nuts
Hardly eat 59 (52.2) 35 (61.4) 24 (42.9) 0.198
Sometimes 44 (38.9) 19 (33.3) 25 (44.6)
Often 5 (4.4) 1 (1.8) 4 (7.1)
Everyday 5 (4.4) 2 (3.5) 3 (5.4)

Fruit
Hardly eat 16 (14.2) 11 (19.3) 5 (8.9) 0.366
Sometimes 48 (42.5) 23 (40.4) 25 (44.6)
Often 18 (15.9) 7 (12.3) 11 (19.6)
Everyday 31 (27.4) 16 (28.1) 15 (26.8)

P-values were calculated using the Chi-squared test.
FDSK ¼ 11-item Food Diversity Score Kyoto.
3.6. Knowledge of NCDs and consciousness of health

Table 7 shows that the average score of the NCDs knowledge test
among the all subjects was quite high, 7.47 out of 8points. There
was no significant difference between the groups. As for the pref-
erence of local food or processed food, most subjects had a positive
image for local food, and a negative image for processed food,
although most subjects thought that processed food was conve-
nient to cook. Regarding weight control, cases had significantly
more desire to reduce weight. The overall percentage of subjects
who thought that being fat was not attractive was 89.2%, and there
was no significant difference between the cases and controls. The
proportion of the all subjects who would like to use an exercise
facility, if it was near their house, was 68.8%. Most subjects thought
animal protein and vegetables were expensive, and they would
purchase more frequently if they were cheaper.

3.7. Association between factors and obesity

Table 8 shows the result of the logistic regression analysis. Sig-
nificant odds ratio of IDDS, education level, experience to learn
about nutrition at clinic, and the frequency of eating dark green
leafy vegetables was 0.71, 0.31, 7.48, and 0.29, respectively
(P < 0.05).

4. Discussion

4.1. Evaluation of physical characteristics

In the present study, the proportions of women were higher in
the cases than controls. A previous study showed that the preva-
lence of obesity was particularly higher amongwomen thanmen in
the Solomon Islands (Simizu, 2011). In general, the prevalence of
obesity in an urban area is higher than those in a suburban area.
The previous study also showed that 38.2% of the Honiara people
were obese and 75% were overweight (Simizu, 2011). The reason
women showed higher percentage of obesity is considered as the
cultural one that, women have to eat all the left-overs (Simizu,
2011). This may indicate that adult women living in the city have
higher risk of becoming obese, so some implementation is needed
to tackle obesity particularly among women in urban areas in the
Solomon Islands.

Moreover, the present study found that the prevalence of high
blood pressure was significantly higher in the cases than in the
controls. Generally, being obese can cause high blood pressure. The
results of the present study might suggest that people tending to
become obese are subject to high blood pressure in the Solomon
Islands. We suggest the importance of regular check-ups of blood
pressure among the obese people.

4.2. Food intake situation and dietary diversity

In the present study, the mean FDSK score among all subjects
was 7.46. The full score of FDSK corresponds to the 11 food groups
recommended by the Ministry of Health, Labor and Welfare of
Japan to eat every day. The mean FDSK score of 7.46 suggests a
shortage of 4 food groups. In other words, the dietary diversity in
the study subjects was not enough. Regarding dietary diversity,
either of FDSK score and IDDS was lower in the cases than in the
controls. It means that the cases have lower dietary diversity.

We tried to evaluate the PFC balance of this study by comparing
with the standard of Japan. The normal range of PFC balance for
Japan is: protein 13e20%, fat 20e30%, and carbohydrate 50e65%.
The average percentage of protein share in the protein of the cases
in the present study was 12.77%, which was lower than the bottom



Table 7
Consciousness of health by group.

Total

Group P-Value

Cases Controls

(n ¼ 114) (n ¼ 57) (n ¼ 57)

Local food is delicious(%)
Disagree 1 (0.9) 0 (0.0) 1 (1.8) 0.496
Neither 0 (0.0) 0 (0.0) 0 (0.0)
Agree 112 (99.1) 57 (100.0) 55 (98.2)

You like local food(%)
Disagree 2 (1.8) 1 (1.8) 1 (1.8) 1.000
Neither 0 (0.0) 0 (0.0) 0 (0.0)
Agree 111 (98.2) 56 (98.2) 55 (98.2)

Local food is healthy(%)
Disagree 1 (0.9) 1 (1.8) 0 (0.0) 1.000
Neither 0 (0.0) 0 (0.0) 0 (0.0)
Agree 112 (99.1) 56 (98.2) 56 (100.0)

Processed food is delicious(%)
Disagree 35 (31.0) 19 (33.3) 16 (28.6) 0.114
Neither 18 (15.9) 5 (8.8) 13 (23.2)
Agree 60 (53.1) 33 (57.9) 27 (48.2)

You like processed food(%)
Disagree 52 (46.0) 25 (43.9) 27 (48.2) 0.158
Neither 18 (15.9) 6 (10.5) 12 (21.4)
Agree 43 (38.1) 26 (45.6) 17 (30.4)

Processed food is healthy(%)
Disagree 91 (80.5) 47 (82.5) 44 (78.6) 0.834
Neither 10 (8.8) 5 (8.8) 5 (8.9)
Agree 12 (10.6) 5 (8.8) 7 (12.5)

Processed food is convenient(%)
Disagree 9 (8.0) 5 (8.8) 4 (7.1) 1.000
Neither 3 (2.7) 1 (1.8) 2 (3.6)
Agree 101 (89.4) 51 (89.5) 50 (89.3)

NCDs knowledge test (Percentage of correct answers) (%)
1. Too much sugar, oil, and salt are contained in the processed food. 92 (81.4) 47 (82.5) 45 (80.4) 0.813
2. If we have too much sugar and fat, we may get obesity. 103 (91.2) 54 (94.7) 49 (87.5) 0.203
3. Too much salt makes us sick. 102 (90.3) 56 (98.2) 55 (98.2) 1.000
4. Putting on too much weight makes health problems. 107 (94.7) 56 (98.2) 51 (91.1) 0.113
5. We should do exercise to keep health. 112 (99.1) 57 (100.0) 55 (98.2) 0.496
6. Alcohol is not good for health. 112 (99.1) 56 (98.2) 56 (100.0) 1.000
7. Smoking is not good for health. 111 (98.2) 56 (98.2) 55 (98.2) 1.000
8. Vegetables and fruit are good for health 111 (98.2) 55 (96.5) 56 (100.0) 1.000
Score of correct answer (mean ± SD) 7.47 (1.13) 7.61 (0.70) 7.33 (1.43) 0.186
Weight control(%)
want to increase weight 7 (6.4) 1 (1.9) 6 (10.7) <0.001
want to keep weight 19 (17.3) 1 (1.9) 18 (32.1)
want to reduce weight 84 (76.4) 52 (96.3) 32 (57.1)

Being obese is attractive(%)
Disagree 99 (89.2) 51 (91.1) 48 (87.3) 0.707
Neither 3 (2.7) 1 (1.8) 2 (3.6)
Agree 9 (8.1) 4 (7.1) 5 (9.1)

If there is an exercise facility, I want to use(%)
Disagree 31 (27.7) 21 (36.8) 10 (18.2) 0.075
Neither 4 (3.6) 2 (3.5) 2 (3.6)
Agree 77 (68.8) 34 (59.6) 43 (78.2)

Vegetables are expensive(%)
Disagree 26 (23.0) 12 (21.1) 14 (25.0) 0.054
Neither 5 (4.4) 0 (0.0) 5 (8.9)
Agree 82 (72.6) 45 (78.9) 37 (66.1)

If vegetables are cheaper, I want to buy more(%)
Disagree 13 (11.5) 7 (12.3) 6 (10.7) 1.000
Neither 3 (2.7) 2 (3.5) 1 (1.8)
Agree 97 (85.8) 48 (84.2) 49 (87.5)

Protein is expensive(%)
Disagree 4 (3.5) 4 (7.0) 0 (0.0) 0.118
Neither 3 (2.7) 1 (1.8) 2 (3.6)
Agree 106 (93.8) 52 (91.2) 54 (96.4)

If protein is cheaper, want to buy more(%)
Disagree 4 (3.5) 3 (5.3) 1 (1.8) 0.238
Neither 2 (1.8) 2 (3.5) 0 (0.0)
Agree 107 (94.7) 52 (91.2) 55 (98.2)

P-values were calculated using the Chi-squared test and the Student's t-test.
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Table 8
Adjusted logistic regression analysis for SES and nutritious status between group.

Variables Crude
ratio

Adjusted OR
(95% CI)a

P-value

Marriage 0.32 0.42 (0.10e1.72) 0.220
Alcohol behavior 0.059 0.28 (0.03e2.60) 0.261
Smoking behavior 0.21 0.65 (0.14e3.11) 0.589
IDDS 0.77 0.71 (0.51e0.99) 0.046
FDSK score 0.77 0.85 (0.65e1.10) 0.221
Education level 0.19 0.31 (0.10e0.90) 0.032
Main media source 2.77 0.86 (0.20e3.73) 0.837
Electlicity 3.17 3.11 (0.88

e11.00)
0.079

Protein (%) 0.95 0.92 (0.84e1.00) 0.061
Exercise 0.073 0.28 (0.03e2.75) 0.278
Experience to learn about

nutrition at clinic
7.32 7.48 (2.04

e27.40)
0.002

Learned about nutrition at
school

0.19 0.38 (0.13e1.12) 0.080

The frequency of eating fish 0.28 0.35 (0.09e1.34) 0.124
The frequency of eating meat 0.49 0.72 (0.34e1.50) 0.373
The frequency of eating dark

green leafy vegetables
0.33 0.29 (0.09e0.86) 0.026

IDDS ¼ Individual dietary diversity score.
CI ¼ confidence interval.
OR ¼ Odds ratio.
FDSK ¼ 11-item Food Diversity Score Kyoto.

a Age and gender were adjusted.
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of the standard range, whereas that of the controls was 14.51%
which is within the standard range. The average percentages of fat
share were 23.17% and 25.4% in the cases and controls, respectively,
both of which were within the standard range. The average per-
centages of carbohydrate sharewere 73.05% and 70.98% in the cases
and controls, respectively, both of which were higher than the
standard range. According to the previous study, P:F:C balance was
8.6%: 21.4%: 70.0% among women in Honiara (Saka, 2013). The
present study showed higher protein, lower fat, and higher car-
bohydrate than the previous study.

Regarding the amounts of the threemajor nutrients (protein, fat,
and carbohydrate), cases had significantly lower protein. Most of
the cases came to the clinic to treat NCDs and got advice to avoid
animal meat to reduce fat intake by the nurses. The reason for the
reduced protein intake among cases might be due to such advices.
However, the exact reason is not clear in this study.

Regarding animal protein intake per day among all subjects,
17.5% had meat, 2.6% had eggs and 77.2% had fish. A previous study
showed that consumption of no fish animal protein was rare in the
Solomon Islands, in other words, fish was the most common source
of animal protein, and that because of rises of the cost of fresh fish,
the consumption of fish was decreasing and large proportion of fish
consumption came from canned fish (Andersen et al., 2013). The
present study also found that subjects chose fish as the most
common animal protein, and the proportion of subjects eating
fresh fish every day was 28.1%, and the proportion of subjects
eating canned fish was 66.7%. This shows that most people in
Honiara had canned fish products as their main source of animal
protein intake.

Comparing the two group's consumption of fish per day, the
cases had a significantly lower intake of fish, but had a significantly
higher consumption of canned fish than controls. Purchased can-
ned fish is cheaper and easier to use but tends to havemore sodium
and oil than fresh fish. Somewaymust be found to increase protein
intake and provide better access to affordable fresh fish in the
Solomon Islands.

Regarding the consumption of vegetables and fruit, according to
the results of FDSK, the frequency of having vegetables and fruit
every day in a week was only 59.6% in the controls and 27.4% in the
cases. Furthermore, according to the results of the twenty four hour
dietary recall, cases had significantly lower frequency of dark green
leafy vegetables. Although, in the present study, we did not get data
on the exact amount of vegetable intake, a previous study showed
that the average vegetable intake was 225 g per day (Simizu, 2011),
which was much less than the 350 g, recommended by theMinistry
of Health, Labor and Welfare, Japan.

The present study found that inadequacy of nutritional intake
among the cases such as the fact that they had a low dietary di-
versity, a lower share of protein and higher share of carbohydrate in
energy sources, and higher consumption of canned fish. Moreover,
both cases and controls had low frequencies of vegetable intake.
Therefore, educating obese people to increase the protein intake
especially fresh meat or fish is important for balanced diet.
Furthermore, educating the populations to eat more vegetables and
less carbohydrate is important to prevent people from suffering
NCDs such as cardiovascular disease and some cancers (WHO,
2004).

4.3. Consciousness of healthy food

Participants who had a garden at home was 41.2%, and those
who fished for sustenance was 8.9%. This shows that most partic-
ipants purchase food and do not produce it on their own. A previous
study showed that the people in the capital city of the Solomon
Islands produce only 10% of their own food, and they are dependent
on cash purchases (Andersen et al., 2013). Therefore their tradi-
tional food culture has been replaced by imported and purchased
food products such as rice, bread, snacks, canned food, instant
noodles, and sugar (Andersen et al., 2013).

Regarding the preference for processed food or local traditional
food, most subjects thought local food was delicious and healthy.
On the contrary, processed food was considered as unhealthy but
convenient, and half of the subjects thought that it was delicious,
yet only 38.1% liked it.

Regarding questions about the price of animal protein foods and
vegetables, most participants thought them as expensive, and if
those were cheaper, they would purchase more. According to a
previous study, since meat was expensive in the Solomon Islands,
the people consumed meat only on celebrate occasions, didn't
purchase frequently (Ikai, 2016). Rice was cheaper than potatoes
and canned fish was also much cheaper (about one tenth) than
fresh fish, so they choose rice and canned fish (Ikai, 2016). The
present study also suggested similar situation. The Solomon Is-
landers previously thought that vegetables don't make people full
and are more expensive than staple foods (Ikai, 2016). When people
choose food, their priority is placed on the price not on how healthy
it is Ikai, 2016. In the present study although people understood
that traditional food was important and healthy for them, they
could not choose traditional food because of the shortage of money
and less convenience of use issues. The results of the present study
indicated that because of rapidly changing lifestyles and the
movement from rural to urban, people had to change from tradi-
tional to westernized diet regardless with their intention.

4.4. Physical exercise behavior

The present study showed that the cases did moderate or
vigorous exercise significantly less frequently than the controls.
This indicates that the cases have lower physical activity than the
controls. According to the results of the knowledge test about NCDs,
most participants among the cases understood that exercise was
good for health. So, these results mean that even though partici-
pants have knowledge of the importance of exercise, they do not
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regularly exercise.
More than half of the subjects among the cases said theywanted

to exercise if there was a facility nearby. A previous study found
that physical inactivity was risk factor for NCDs and was significant
economic burden because of heavy health care costs and produc-
tivity losess (Ding et al, 2016). A previous study indicates the Sol-
omon Islands is 94% of the economic burden of physical inactivity is
bone by the public health system, which is the highest rate in the
world (Ding et al, 2016). This reflects low level of private sector and
third party health care insurance, and low levels of house hold out-
of-pocket expenditure (Ding et al, 2016). To reduce the economic
burden caused by physical inactivity, promoting exercise and
increating facilities to exercise are important. Starting with
encouraging children to do physical exercise will also lead to a
healthier life behavior.

4.5. Nutritional knowledge and education

The average score on the knowledge of NCDs was 7.4 out of 8 in
both groups. This shows they have a basic knowledge of the risk
factors of NCDs. Moreover, 84.1% of the participants have learned
about nutrition somewhere. This indicates that most of the par-
ticipants have a basic understanding and knowledge of NCDs
through education.

Regarding the number of participants who learned about
nutrition in school, the number in the controls was significantly
higher than in the cases. Controls have a significantly higher edu-
cation level than cases, so the subjects among the controls might
have had more chance to learn about NCDs in schools. Thus
learning about nutrition at school might be very effective in
reducing the rates of obesity. According to demographic and health
surveys in 2006e2007 in the Solomon Islands, the overall atten-
dance at primary school was 65.4%, net attendance to secondary
school was 47% (lower secondary was 72% and upper secondary
was 31%) (The Solomon Islands National Statistics Office, 2006).
Many people in the Solomon Islands go to primary school but do
not continue to secondary school. Thus, to teach nutrition educa-
tion, earlier is better if we are to spread the knowledge to as many
individuals as possible.

According to a previous study the environment for nutrition
education in the Solomon Islands is insufficient (Ikai, 2016). The
Pacific Islands do not have a sufficient number of health pro-
fessionals trained about NCDs or nutrition (University of Hawaii,
2013) and there was no specific health education including nutri-
tion education (Ikai, 2016). Proper teaching about nutrition to
children will give them a better ability to protect themselves, and
this is very important. However, previous studies showed that
children had food that their guardians preferred (Americo, 2014).
With this in mind, educating not only children but also their par-
ents is important.

4.6. The image of being obese

Previous studies showed that people of the PICs have tradi-
tionally regarded large body as being beautiful, a sign of wealth,
better wealth and social status (Hawley and McGarvey, 2015).
However, in the present study, most subjects in both groups
thought that being fat was not attractive, and those in cases wanted
to significantly lose weight more than the controls. This shows that
people in the Solomon Islands recognize that fatness may reflect an
unhealthy state.

4.7. The factors of being obesity

The present study in the Solomon Islands agreed with the
finding that higher education level, lower food diversity, lower
consumption of dark green leafy vegetables, and experience to
learn about nutrition at clinic had positive association with the risk
of obesity. Previous study found that SES such as income and
property were positively related with body weight in developing
countries, and SES such as education and occupation were nega-
tively related to body weight in developed countries (McLaren,
2007). In the present study, a lower education level was associ-
ated with obesity, but income level was not. This is the same sit-
uation as in developed countries. This result might indicate that
highly educated people were estimated to have better knowledge
of nutrition. Regarding the fact that lower dietary diversity was
associated with obesity, the result might indicate that people who
have higher dietary diversity were estimated to have a better
knowledge of diet. In the previous study, consuming diverse food
low in fat was associated with reduced weight, healthier nutrient
intake and energy intake (Raynor et al., 2005). Furthermore,
consuming diverse food was an important factor associated with
reducing the prevalence of obesity (Kant et al., 1995).

Regarding the result, increasing intake of dark green leafy veg-
etables may reduce long-term risk of obesity and weight gain (He
et al, 2004). Regarding the outcome that learning experience at a
clinic was positively associated with obesity, patients who went to
the NCD clinic were usually people who had some symptoms of
NCDs or were suspected to have NCDs and referred by other clinics.
Most of the patients in the clinic had a chance to get counseling to
change their lifestyle behavior. Therefore, the more experience of
learning nutrition at clinic can be considered as the result of
obesity, not the cause.
4.8. Poverty and obesity

In a previous study indicated that a high prevalence of obesity
was found among lower income people, and one of the factors
causing this was the over consumption of nonnutritious food.
Lower socio-economic groups tend to engage in risky health be-
haviors later in the course of a country's development (Blakely
et al., 2005). Refined grains, added sugars, and added fats are low
cost energy sources, which are not expensive, taste good, and are
convenient. On the contrary, more nutritious foods such as lean
meat, fish, fresh vegetables, and fruit generally cost more
(Drewnowski and Darmon, 2005). The global financial crisis of
2007 caused an increase in the price of food in the Solomon Islands,
the price increased by 53% from 2005 to 2010 (Andersen et al.,
2013). This increased price of food negatively influenced the pop-
ulation in urban areas since they couldn't afford to buy much in the
way of rich nutritious foods such as fresh fish and meat (Govan
et al., 2013). Their main protein source became canned tuna
because of the high price of fresh fish (Govan et al., 2013).

Previous study also indicated that economic poverty and lack of
access to healthy food contributed to obesity as do limitations of
adequate health care (Drewnowski and Darmon, 2005). The pre-
sent study shows that, even if they have known what the healthy
foods are, when the healthy foods expensive and their income is
not enough to pay for them, they cannot consume them. Some PICs
have conducted successful interventions by changing food policies
and regulations, such as prohibiting the import of fatty meat,
putting a tax on sugary drinks (Ruikka, 2016).

Intervention by way of food policy at the national level may be
an important approach to make healthy food be accessible and
available to all. According toWHO, the most important step to keep
a healthy weight was easy access to fresh nutritious food (WHO,
2003). The access may only be provided through multi-sector
cooperation by government, agriculture, and the food industries.
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4.9. Limitation

Several limitations are recognized in the present study. First, the
small sample size might have affected the large standard error for
the sample, which lowered the statistical power.

Secondly, the cases were patients who came to the NCD clinic.
Present study showed only the factors of the patients who came to
the clinic. Thus the study does not show the factors of obesity for
people who did not go to the clinic. Finally, the self-reported
nutrition survey cannot provide enough quantitative reliability, so
the estimated data of nutrient intake might be underestimated or
overestimated.

5. Conclusion

An anthropometry and interview-based case-control studies of
obesity for dietary behaviors, consciousness of health, and SES for
57 cases of obesity and 57 controls were carried out to evaluate the
subject's physical characteristics, dietary diversity, nutrient intake,
consciousness of health, and to assess the factors that contribute to
obesity, whether environmental, socio-economical, or behavioral in
Honiara, the capital city of the Solomon Islands.

The study suggested that higher educated people take care of
their health to keep healthyweight, and low diversity of food intake
and low frequency of eating green leafy vegetables are the factors to
increase rate of obesity. Strategies to improve education standards,
give people nutrition and health education to have more diverse
food are needed.
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