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Abstract

Aim
To determine the costs associated with diabetes to governments, people with diabetes and

their carers, and its impact on quality of life in two Pacific Island countries—the Solomon
Islands and Nauru.

Materials and Methods

This cross-sectional cost of iliness study was conducted on 330 people with type 2 diabetes
(197 from the Solomon Islands and 133 from Nauru) using a structured cost of iliness survey
questionnaire adapted from the Australian DiabCo$t study. Quality of life was measured by
the EQ-5D Visual Analogue Scale.

Results

There were 330 respondents (50% female; mean duration of diabetes 10.9 years; mean
age 52.6 years). The estimated annual national cost of diabetes incurred by the Solomon
Islands government was AUD12.8 million (AUD281 per person/year) and by Nauru govern-
ment was AUD1.2 million (AUD747 per person/year). The major contribution to the govern-
ment costs was inpatient services cost (71% in the Solomon Islands and 83% in Nauru).
Annual expenditure for diabetes was approximately 20% of the governments’ annual health
care expenditure. Considerable absenteeism and retirement from work due to diabetes was
found.

Conclusions

This study found substantial public and personal costs associated with diabetes. The find-
ings provide objective data on which health policy, funding and planning decisions about
the prevention and control of diabetes in the Solomon Islands and Nauru can be reliably
based and subsequently evaluated.
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Introduction

Diabetes imposes a substantial economic burden on national health systems globally [1,2]. For
example, it is predicted that global health expenditure on diabetes will increase from USD376
billion in 2010 to some USD490 billion by 2030 [1]. Given the predicted increase in global dia-
betes prevalence from 382 million in 2013 to 592 million by 2035 [3], this raises serious con-
cerns about the sustainability of the health systems especially in low and middle income
countries (LMICS).

The cost of diabetes to individuals and families is also high. People with diabetes use more
health services and spend approximately 2-3 times more on health care than people without
diabetes [4,5]. In addition to health care expenditure, diabetes can reduce household income
through lost employment due to illness and early retirement [6]. In countries with no social
protection, it can also be a significant contributor to financial hardship and poverty [6,7]. Dia-
betes also incurs considerable intangible costs including reduced quality of life [5,8] and ranks
among the top 10 causes of disability worldwide [6]. So it is not surprising that perhaps the
greatest financial concerns about diabetes relate to its macroeconomic impact in the form of
lost national productivity.

In the Western Pacific Region, Pacific Islands countries (PICs) have among the highest
prevalence of diabetes in the world [2,3] and a high prevalence of diabetes complications
[9,10]. Although there are some technical reports available on the economic burden of non-
communicable diseases (NCDs) in the PICs [11,12] and a peer-reviewed study examining the
cost of diabetes in Vanuatu [13] as part of the baseline assessment for a diabetes capacity build-
ing project [14], evidence quantifying the economic costs of diabetes is very limited. Improved
understanding of the economic and social burden of diabetes in PICs could help to inform and
motivate policymakers in each country, and international donors providing assistance for both
countries to invest more in the prevention and control of diabetes. Therefore, we aimed to mea-
sure the costs associated with diabetes to governments, people with diabetes and their carers,
and its impact on quality of life of people with diabetes in the Solomon Islands and Nauru.

Materials and Methods

This cross-sectional study was conducted on 330 people with known type 2 diabetes (197 from
the Solomon Islands and 133 from Nauru) to assess diabetes related cost of illness and quality
of life. The study was undertaken as one of a number of baseline assessments for an overarch-
ing diabetes capacity building project [9,15]. The study in Nauru was conducted in 2007 and in
the Solomon Islands in 2011.

A structured cost of illness survey questionnaire adapted from the Australian DiabCo$t
study [16] was administered by in-country diabetes project staff. The questionnaire sought
information on demographics; diabetes treatment—prescription medications, non-prescrip-
tion medications and special food; health service utilisation—outpatient visits, inpatient stays
and transport to attend health services; and its impact on quality of life. If respondents nomi-
nated a carer, a second section of the questionnaire assessing the cost associated with caring for
a person with diabetes was administered to the nominated carer.

The distributions of total general population [17,18] and study population for both coun-
tries were compared. The number of hospital outpatient and inpatient services visited by the
respondents and the cost of diabetes incurred for the three months preceding the study was
assessed and multiplied by four to represent the annual number of visits and annual costs
incurred. Health care costs for outpatient and inpatient services, and prescription medications
were fully supported by governments of both countries ie no co-payment required by individu-
als and therefore these costs were reported as cost incurred by governments. The cost of non-

PLOS ONE | DOI:10.1371/journal.pone.0145603 December 23, 2015 2/13



@’PLOS ‘ ONE

The Cost of Diabetes

prescription medications, and non-health care costs including transport to health care centres
and purchase of special diabetic food were reported as cost incurred by individuals ie out-of-
pocket expenses. Medication costs were sourced from the respective Ministry of Health and
Medical Services (MHMS) pharmacies by the in-country project staff and estimation of costs
was based on the medications and dosage received by the respondents at the time of the study.
There was only one pharmacy in each country. Costing estimates for each outpatient clinic
visit and per night inpatient stays were provided by the respective MHMS.

The national cost of diabetes in the Solomon Islands in 2011 among people aged 20-79 was
calculated by multiplying the estimated prevalence of diabetes in 2011 [19] and the number of
people aged 20-79 in 2011 [20] by the annual cost per person. The national cost of diabetes in
Nauru in 2007 among people aged 20-79 was calculated by multiplying the estimated preva-
lence of diabetes in 2007 [21] and the number of people aged 20-79 in 2007 [20] by the average
annual cost per person. The average exchange rate in 2011 was used to convert Solomon
Islands Dollar (SBD) to Australian dollar (AUD) (7.9SBD = 1AUD) [22]. Nauru uses AUD as
its official currency. The cost of diabetes in Nauru was inflated to 2011 cost using a web-based
cost converter version 1.4 [23,24], which inflates for years and country, to align with the cost of
diabetes reported in the Solomon Islands in 2011.

The data were compiled and analysed using IBM SPSS statistical package version 21 and
Microsoft Office Excel. Quality of life was measured by administration of the EQ-5D question-
naire and analysed using the EuroQol EQ-5D user guide [25]. Where relevant, data are
reported as mean + SEM, minimum, maximum, median, number and percentage.

This study was conducted with the approval of the Human Research Ethics Committee, the
University of Sydney and a Memorandum of Understanding between the researchers and the
Ministries of Health in the Solomon Islands and Nauru. The participants provided written
informed consent to participate in this study.

Results
Demographics

Table 1 shows the demographic details of the 197 people with type 2 diabetes (mean age 54.1
years, mean age at diagnosis 45.4 years, and mean duration of diabetes 8.7 years) in the Solo-
mon Islands and 133 people with type 2 diabetes (mean age 50.6 years, mean age at diagnosis
36.4 years, and mean duration of diabetes 14.2 years) in Nauru. The percentage of respondents
treated with insulin was very low in both countries (average 6.7%). Overall, 61.2% respondents
are not in paid employment.

The distribution of total general population and our study population in different age
groups in the Solomon Islands and Nauru were presented in Figs 1 and 2 respectively. The
highest percentages of respondents (38.6% in the Solomon Islands and 31.6% in Nauru) in our
study population were found aged between 50 and 59 years.

Government costs

Table 2 shows estimated cost of diabetes incurred by governments ie the cost of outpatient and
inpatient services and prescription medications.

For the Solomon Islands, there were 1,084 visits to the hospital outpatient clinic/diabetes
centre and 88 visits to the hospital emergency department totalling 1,172 (average 6 visits/ per-
son/ year) outpatient visits per year reported. For Nauru, there were 1,184 visits to the hospital
outpatient clinic/diabetes centre and 68 visits to the hospital emergency department totalling
1,252 (average 9 visits/ person/ year) outpatient visits per year reported. Overall 532 days
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Table 1. Demographic details of people with diabetes.
Solomon Islands Nauru
(N=197) (N =133)
Mean age (years) 54.1+0.7 50.6+1.2

Overall mean = 52.6+0.6 years

Gender

- Male

- Female

Overall male = 50%, female = 50%

Mean age at diagnosis (years)

Overall mean = 41.840.7 years

Mean duration of diabetes (years)

Overall mean = 10.940.5 years

Current smokers

Overall smokers = 17.9%

Employment

- Full-time paid employment

- Part-time paid employment

- Not in paid employment

Overall full-time paid employment = 35.2%, part-time paid
employment = 3.6%, not in paid employment = 61.2%
Diabetes treatment

- Diet alone

- Oral anti-diabetic tablets

- Insulin

Overall diet alone = 27.9%, oral anti-diabetic tablets =
65.4%, insulin = 6.7%

(Min 22 —Max 84)

52.3%
47.7%

45.4+0.7

8.71+0.5
Median 6 (Min 1 —Max 40)
7.1%

27.4%
3.6%
69.0%

16.8%
76.6%
6.6%

Data are shown as mean+SEM or minimum/maximum or median or percentage.

doi:10.1371/journal.pone.0145603.1001

(min 20 —Max 81)

46.6%
53.4%

36.4+1.1

14.241.0
Median 13 (Min 1 —-Max 55)
33.8%

46.6%
3.8%
49.6%

44.4%
48.8%
6.8%

(average 3 days/ person/ year) and 972 days (average 7 days/ person/ year) overnight hospital

stays per year were reported from the Solomon Islands and Nauru respectively.

In 2011, 291,444 adults in the Solomon Islands were aged between 20-79 years [17]. Of
these, 15.6% or 45,465 were estimated to have diabetes [16]. In 2007, 5,118 adults in Nauru
were aged between 20-79 years [18] nationally. Of these, 30.7% or 1,571 were estimated to
have diabetes [19]. The estimated annual national cost of diabetes incurred by the Solomon
Islands government was AUD12.8 million (SBD100.9 million) and by the Nauru government
was AUDI.2 million (Table 2).

The overall breakdown of the contribution to costs for the Solomon Islands government

was 5% for outpatients, 71% for inpatients and 24% for prescription medications. For the Nau-

ruan government the costs were 4% for outpatients, 83% for inpatients and 13% for prescrip-

tion medications. The overall breakdown of contributions to the cost of prescription
medications in the Solomon Islands was 37% for oral hypoglycaemic, 34% for insulin, 23% for
antihypertensives, and 3% each for antibiotics and pain relief or anti-inflammatories. The over-

all breakdown of the contribution to prescription medications in Nauru was 30% for oral hypo-
glycaemics, 28% for insulin, 19% for antihypertensives, and 21% for antibiotics and 2% for
pain relief or anti-inflammatories.
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Fig 1. Distribution of total general population and study population in the Solomon Islands.

doi:10.1371/journal.pone.0145603.g001

Individual costs

Costs incurred by people with diabetes (non-prescription medications, special diabetic food
and transport to health care centres) were assessed. The average annual cost per person was
AUDY9 (SBD780) in the Solomon Islands and AUD110 in Nauru. The estimated annual
national cost incurred by individuals was approximately AUD4.5 million (SBD35.5 million) in

the Solomon Islands and AUDO.17 million in Nauru (Table 3).
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doi:10.1371/journal.pone.0145603.9002
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Table 2. Estimated cost of diabetes incurred by governments.
Solomon Islands Nauru
Annual cost Annual Annual cost Annual
per person national cost per person national cost
(N=197) (N = 45,465)* (N =133) (N=1,571)*
(cost in 1000s) (cost in 1000s)
SBD AUD SBD AUD AUD AUD
Outpatient** $119 $15%2 $5,410 $685181 $2813 $44+5
Solomon Islands = average 6+0.7 visits/person/year
Nauru = average 9+1.1 visits/person/year
Inpatient*** $1,620 $205161 $73,667 $9,325+2783 $6211147 $9751230
Solomon Islands = average 6+2.4 days/person/year
Nauru = average 9+2.1 days/person/year
Prescription medications****
W Oral hypoglycaemic $205 $26 $9,314 $1,179 $29 $46,
M Insulin $144 $18 $6,569 $832 $27 $42
W Antihypertensive $94 $12 $4,291 $543 $18 $28
M Antibiotic $16 $2 $706 $89 $21 $31
M Pain relief / anti-inflammatory $20 $3 $918 $116 $2 $4
Total cost for prescription medications $479 $61%1.9 $25,215 $3,198+86 $98+2.6 $15314
Overall cost incurred by governments $2,218 $281162 $100,874 $12,7691+2805® $7471148 $1,173+231®

*People with diabetes aged 20-79 years

** Solomon Islands = number of persons reported 91(46.2%) with minimum cost AUD10 /year and maximum cost AUD243/year. Nauru = number of
persons reported 81 (60.9%) with minimum cost AUD12/year and maximum cost AUD288/year.

*** Solomon Islands = number of persons reported 15(7.5%) with minimum cost AUD303/year and maximum cost AUD6075/year. Nauru = number of
persons reported 20 (15.0%) with minimum cost AUD680/year and maximum cost AUD9520/year.

**** Solomon Islands = number of persons reported on oral-anti-diabetic tablets 151 (76.6%); insulin 13 (6.6%); antihypertensive 44 (22.3%); antibiotics 4
(2.0%); pain relief/anti-inflammatory 4 (2%). Nauru = number of persons reported on oral-anti-diabetic tablets 65 (48.9%); insulin 9(6.8%); antihypertensive
31 (23.3%); antibiotics 12(9.0%); pain relief/anti-inflammatory 3(6.8%).

® Approximately 20% of the respective government’s annual health care expenditure

SBD = Solomon Islands Dollar; AUD = Australian Dollar

doi:10.1371/journal.pone.0145603.t002

Of the respondents who were in paid employment at the time of study, overall 31.1% of
respondents (37.7% from the Solomon Islands and 25.4% from Nauru) had taken time off
work of approximately 10 days per person/year due to diabetes. Overall 8.8% of respondents
(7.1% from the Solomon Islands and 11.3% from Nauru) were retired due to diabetes.

Quality of life

With regard to quality of life, the EQ-5D average visual analogue scale (VAS) reported was
73% (range 22-100) in the Solomon Islands and 77% (range 25-100) in Nauru. When results
from both countries were combined, the overall average VAS reported was 75% (range 22—
100). Table 4 shows self-reported EQ-5D score.

Diabetes carers

Of the 330 people with diabetes, 93 (28%) [77(39%) from the Solomon Islands and 16 (12%)
from Nauru] nominated a carer. Table 5 shows the demographic details of the 93 carers (over-
all mean age 55 years and female 71%). Overall 63.4% were not in paid employment and 7.5%
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Table 3. Estimated cost of diabetes incurred by people with diabetes.
Solomon Islands Nauru
Annual cost Annual Annual cost Annual
per person national cost per person national cost
(N=197) (N = 45,465)* (N=133) (N =1,571)*

(cost in 1000s)

(cost in 1000s)

SBD AUD SBD AUD AUD
Non prescriptive medications cost** $81 $10+2.8 $3,683 $466+128 $33+6
Special diabetic food cost*** $384 $49+7 $17,459 $2,210+334 $41+12
Transport cost**** $315 $40+10 $14,322 $1,813+457 $36+5.9
Total cost incurred by individuals $780 $99+15 $35,463 $4,4891668 $110%15

*People with diabetes aged 20-79 years

AUD

$52+8
$64+19
$57+9
$173£23

** Solomon Islands = number of persons reported 11(5.6%) with minimum cost AUD5/year and maximum cost AUD202/year. Nauru = number of persons
reported 69 (52.0%) with minimum cost AUD10/year and maximum cost AUD240/year.
*** Solomon Islands = number of persons reported 80(40.6%) with minimum cost AUD10/year and maximum cost AUD911/year. Nauru = number of
persons reported 13 (9.8%) with minimum cost AUD24/year and maximum cost AUD800/year.
****Solomon Islands = number of persons reported 43(21.8%) with minimum cost AUD10/year and maximum cost AUD253/year. Nauru = number of
persons reported 51 (38.3%) with minimum cost AUD16/year and maximum cost AUD200/year.

doi:10.1371/journal.pone.0145603.t003

had retired to look after person with diabetes. Over 90% of carers were a family member who
lived with person with diabetes and did not receive any carer payment. The average time spent
directly caring for people with diabetes was 3 days and 5 days per week (159 and 278 days per

Table 4. Self-reported EQ-5D score.

Mobility

- No problems in walking about

- Some problems in walking about

- Confined to bed

Self-care

- No problems with self-care

- Some problems washing or dressing myself

- Unable to wash or dress myself

Usual activities (eg work, study, housework, family or leisure activities)
- No problems with performing my usual activities

- Some problems with performing my usual activities
- Unable to perform usual activities
Pain/discomfort

- No pain or discomfort

- A small amount of pain or discomfort

- A lot of pain or discomfort

Anxiety/depression

- Not anxious or depressed

- A little anxious or depressed

Solomon Islands
n (%)
(N =197)

129 (65.5%)
68 (34.5%)
0 (0.0%)

168 (85.3%)
25 (12.7%)
4 (2.0%)

141(71.6%)
42 (21.3%)
14 (7.1%)

54 (27.4%)
130 (66.0%)
13 (6.6%)

71 (36.0%)
115 (58.4%)

Nauru
n (%)
(N =133)

88 (66.2%)
42 (31.5%)
3 (2.3%)

115 (86.5%)
14 (10.5%)
4 (3.0%)

96 (72.2%)
27 (20.3%)
10 (7.5%)

74 (55.6%)
52 (39.1%)
7 (5.3%)

88 (66.2%)
37 (27.8%)

- Very anxious or depressed 11 (5.6%) 8 (6.0%)
doi:10.1371/journal.pone.0145603.1004
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Table 5. Demographic details of diabetes carers.
Solomon Islands Nauru
(n=77) (n=16)
Mean age (years) 44.6+1.5 46.8+4.5
Overall mean = 45+1.5 years (Min 20 —Max 69) (Min 21 -Max76)
Gender
- Male 32.5% 12.5%
- Female 67.5% 87.5%
Overall male = 29%, female = 71%
Employment
- Full-time paid employment 33.8% 25.0%
- Part-time paid employment 3.9% 6.3%
- Not in paid employment 62.3% 68.7%
employment = 4.3%, not in paid employment = 63.4%
Retired to look after person with diabetes 6.5% 12.5%
Overall = 7.5%
Carer with diabetes 6.5% 6.3%
Overall = 6.5%
Relationship with person with diabetes
- Husband/wife/partner 58.4% 62.5%
- Another family member 40.3% 37.5%
- Friend or neighbour 1.3% 0.0%

Overall husband/wife/partner = 59.1%, another family member =

39.8%, friend or neighbour = 1.1%

Live with person with diabetes 94.8% 93.8%
Overall = 94.6%

doi:10.1371/journal.pone.0145603.t005

year) among carers from the Solomon Islands and Nauru respectively. The care for people with
diabetes comprised preparing meals, transporting to their doctors, administering medications,
assisting daily work particularly for people with complications.

Costs incurred by carers (non-prescription medications, special diabetic food and transport
to health care centres) spent caring for the person with diabetes were assessed. The average
annual cost per carer was AUD439 (SBD3,471) in the Solomon Islands and AUD492 in Nauru
(Table 5).

Of the 45,465 estimated people with diabetes aged 20-79 years in the Solomon Islands, it
was estimated that 17,771 (39%) had carers and in Nauru 182 (12%) of the 1,517 estimated
people with diabetes aged 20-79 had carers. The national cost of diabetes incurred by carers
was calculated by multiplying the estimated number of diabetes carers by the annual cost per
carer. The estimated annual national cost of diabetes incurred by carers in the Solomon Islands
was approximately AUD7.8 million (SBD61.7 million) and by carers in Nauru was approxi-
mately AUDO0.9 million (Table 6).

Discussion and Conclusion

This study found a substantial cost associated with diabetes to governments, people with diabe-
tes and their carers, as well as social problems associated with diabetes in PICs. This included
considerable absenteeism and retirement from work due to diabetes.

PLOS ONE | DOI:10.1371/journal.pone.0145603 December 23, 2015 8/13
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Table 6. Estimated cost of diabetes incurred by carers.
Solomon Islands Nauru
Annual Annual Annual Annual
cost per person national cost cost per person national cost
(N=77) (N=17,771)* (N=16) (N =182)*
(cost in 1000s) (cost in 1000s)
SBD AUD SBD AUD AUD AUD
Non prescriptive medications cost** $596 $75+£13 $10,591 $1,333+220 $176+40 $32+7
Special diabetic food cost*** $1,925 $244+26.4 $34,203 $4,336+471 $289+66 $53+11
Transport cost* *** $950 $120+17 $16,880 $2,133+313 $27+9.7 $5+0.2
Total cost incurred by individuals $3,471 $439+35 $61,674 $7,802+624 $492+74 $90+13

*People with diabetes aged 20-79 years

** Solomon Islands = number of persons reported 30(39.0%) with minimum cost AUD6/year and maximum cost AUD303/year. Nauru = number of
persons reported 9 (56.3%) with minimum cost AUD12/year and maximum cost AUD240/year.

*** Solomon Islands = number of persons reported 67(87.0%) with minimum cost AUD25/year and maximum cost AUD506/year. Nauru = number of
persons reported 9 (56.3%) with minimum cost AUD16/year and maximum cost AUD400/year.

****Solomon Islands = number of persons reported 53(68.8%) with minimum cost AUD10/year and maximum cost AUD354/year. Nauru = number of
persons reported 6 (37.5%) with minimum cost AUD20/year and maximum cost AUD200/year.

doi:10.1371/journal.pone.0145603.t006

Of the cost incurred by the governments, annual inpatient services accounted for the highest
expenditure (71% in the Solomon Islands and 83% in Nauru). This is consistent with previous
studies [13,26-28] and may be due to the high prevalence of diabetes complications previously
reported in Nauru and the Solomon Islands [9]. Despite high prevalence of diabetes complica-
tions reported in these countries [9], our study found that the percentage of respondents
treated with insulin was relatively low (approximately 6%). Our study did not investigate the
reasons for this, however, factor may be the relative absence of other forms of management to
improve diabetes control. Given the high rate of complications and low rate of insulin usage,
there is an urgent need to review protocol and guidelines for treating people with diabetes to
reduce complications in these PICs. It was also found that respondents in Nauru developed
diabetes at a young age and have long duration of diabetes. This highlights the need to invest
more and strengthen prevention and control of diabetes particularly in Nauru.

Although the direct health care costs were relatively low when compared with the costs
reported in other countries [8,27,29-31], costs incurred by governments were substantial for
these small island nations. For example, the annual expenditure on diabetes in the Solomon
Islands and Nauru found in this study was approximately 20% of the governments’ annual
health care expenditure [32-35] which is higher than the average health spending (10.8%) on
diabetes worldwide [2]. Most PICs have a traditional, informal system of ‘universal health care
coverage; in that patients do not pay for visits to public health facilities or health care providers,
or medications thus the cost of diabetes care to governments versus patients is high. This high-
lights the disproportionate cost of diabetes by the governments in resource constrained PICs
many of which already suffer severe economic hardship and development challenges.

The unemployment rate in our study population (69.0% in the Solomon Islands and 49.6%
in Nauru) was much higher than that of the whole population (39.8% in the Solomon Islands
and 23.0% in Nauru [36-38]) in both countries. This could be a result of high complications
rates among people with diabetes in both countries. In addition, given the high proportion of
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absenteeism (37.7% in the Solomon Islands and 25.4% in Nauru) and retirement from work
(7.1% in the Solomon Islands and 11.3% in Nauru) due to illness resulting from diabetes, out-
of-pocket expenses incurred by people with diabetes is of considerable concern. Possibly as a
result of the lack of national social protection, rather than paying their carers, some respon-
dents appeared to be financially dependent on their carers. Since most carers were also not in
paid employment and some had retired in order to look after the person with diabetes, the
financial cost and social burden faced by carers—usually family members—in PICs is a poten-
tial cause of poverty which may even translate into inter-generational financial hardship and
poverty. With high unemployment and relatively low income per capita in PICs compared
with developed countries [36-38], any out-of-pocket expense incurs a significant financial bur-
den for Pacific people.

The long mean duration of diabetes found in our study, the poor glycaemic control and the
high prevalence of diabetes complications reported in both countries [9] could explain their
high number of outpatient visits and inpatient stays. Consequently, the average annual costs of
diabetes per person incurred by government, individuals and carers in both countries were sub-
stantial. Evidence from previous studies has also shown that the cost of diabetes is higher in
people with diabetes complications [16,28,39-43].

People in the Pacific have strong family support which is a well recognized Pacific cultural
trait. For example, of the 93 carers we surveyed, over 90% were family members and lived with
the person with diabetes. Thus, the relatively low impact of diabetes on quality of life (VAS)
reported in this study despite high rates of diabetes complications [9] may result from cultural
factors such as strong family support and/or low expectations of wellness and quality of life.

Although our study has identified major costs related to diabetes in PICs, it has certain limi-
tations. The costs of non prescription medications, special diabetic food and transport as well
as the number of hospital stays and diabetes centre visits were self-reported and relied solely on
respondents re-call. Consequently the estimated costs may not precisely reflect the actual costs.
Further, it is possible that out-of-pocket expenses incurred by both people with diabetes and
carers could have been overestimated as respondents may have reported food and transport
costs not specifically related to diabetes. Given the small sample size particularly the carers, it is
difficult to conclude that this is a representative sample in both countries. National cost esti-
mates were based on an age range of 20-79 years because the prevalence of diabetes was avail-
able only for age rage 20-79 years in both countries. Five respondents (2.5%) from the
Solomon Islands and 4 respondents (3%) from Nauru in our study population were over 79
years. However, such a small proportion of respondents above the age range would be unlikely
to impact significantly on the results. For example, if patients above 79 years old were excluded
in the cost calculation, the average annual cost per person difference was only AUDO.2 less in
both countries and therefore there any difference in national cost estimates would be very
small.

Despite these limitations the study has certain strengths. The survey questionnaire was
adapted to ensure cultural appropriateness and administered by local staff who underwent spe-
cific training for the task. For accuracy, the cost estimations for prescription medications was
based on the medications and dosage received by the respondents recorded in medical records.
Calculating annual costs by extrapolating from data collection covering a three month period
is acceptable and established practice [16,39]. Costs for each outpatient clinic visit and inpa-
tient per night stay provided by the respective MHMS were almost similar and also closely
aligned with the costs reported in other published literature [11-13]. The estimated population
aged 20-79 used in this study [20] was fairly consistent with the national population census
reported by the Bureau of Statistics in the Solomon Islands and Nauru [17,18].
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In conclusion, this study adds important information to the pool of knowledge about diabe-
tes in PICs. It also contributes to the international evidence on the cost of diabetes to govern-
ments, and people with diabetes and their carers. Given the increasing prevalence and impact
of diabetes in LMIC:s, it provides a timely reminder to government in each country, and inter-
national donors providing assistance in both countries that urgent action is required to reduce
the public and personal cost burden of diabetes in PICs. Comparable research is needed to pre-
cisely determine the cost burden of diabetes in other PICs, as are more detailed studies on cost
effectiveness across the Pacific Islands. In the meantime, these findings particularly a substan-
tial cost associated with diabetes, diagnosed at early age, considerable absenteeism and retire-
ment from work due to diabetes provide objective data on which health policy, funding and
planning decisions about the prevention and control of diabetes in the Solomon Islands and
Nauru can be reliably based and subsequently evaluated.

Acknowledgments

This study was conducted as part of a broader World Diabetes Foundation funded project in
partnership with the Solomon Islands MHMS, Nauru MHMS, the International Centre for
Eyecare Education at the University of New South Wales and the Australia and New Zealand
Society of Nephrologists.

Author Contributions

Conceived and designed the experiments: STWT RC. Performed the experiments: STWT GI
EG RC. Analyzed the data: STWT RC. Contributed reagents/materials/analysis tools: STWT
GI EG RC. Wrote the paper: STWT GI EG RC.

References

1. ZhangP, Zhang X, Brown J, Vistisen D, Sicree R, Shaw J, Nichols G. IDF diabetes atlas, global health-
care expenditure on diabetes for 2010 and 2030. Diabetes Res and Clin Pract 2010; 87:293-310.

International Diabetes Federation, Diabetes Atlas 6™ edition, Brussels, 2013.

3. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. Global estimates of dia-
betes prevalence for 2013 and projections for 2035. Diabetes Res and Clin Pract 2014; 103: 137-149.

4. YangW, Zhao W, Xiao J, Li Rui, Zhang P, Kissimova-Skarbek K et al. Medical care and payment for
diabetes in China; Enormous threat and great opportunity. PLOS ONE 2012; 7:9: €39513. doi: 10.
1371/journal.pone.0039513 PMID: 23049727

5. American Diabetes Association, economic costs of diabetes in the U.S. in 2007. Diabetes Care 2008;
31:596-615. doi: 10.2337/dc08-9017 PMID: 18308683

International Diabetes Federation. A Call to Action on Diabetes. IDF, Brussels, 2010.

7. World Health Organization. Preventing Chronic Diseases: A Vital Investment, WHO 2005. Available:
http://www.who.int/chp/chronic_disease_report/contents/en/index.html. Accessed 28 August 2014.

8. American Diabetes Association, economic costs of diabetes in the U.S. in 2012. Diabetes Care 2013;
36:1033—-1046. doi: 10.2337/dc12-2625 PMID: 23468086

9. WinTin ST, Kenilorea G, Gadabu E, Tassserei J, Colagiuri R. The prevalence of diabetes complica-
tions and associated risk factors in Pacific Island countries. Diabetes Res Clin Pract 2014; 104:114—
118.

10. Collins VR, Dowse GK, Plehwe WE, Imo TT, Toelupe PM, Taylor HR, Zimmet Paul Z. High prevalence
of diabetic retinopathy and nephropathy in Polynesians of Western Samoa. Diabetes Care 1995; 18:
1140-1149. PMID: 7587849

11. Doran C. An economic assessment of inpatient NCD costs in Kiribati, Tonga and Vanuatu. Pacific
Action for Health Project Report. Secretariat of the Pacific Community. New Caledonia 2003.

12. The Economic Costs of Non Communicable Diseases in the Pacific Islands; A rapid stocktake of the sit-
uation in Samoa, Tonga and Vanauru. The World Bank Report 2012. Available: http://www.worldbank.
org/content/dam/Worldbank/document/the-economic-costs-of-noncommunicable-diseases-in-the-
pacific-islands.pdf. Accessed: 23 January 2014.

PLOS ONE | DOI:10.1371/journal.pone.0145603 December 23, 2015 11/183


http://dx.doi.org/10.1371/journal.pone.0039513
http://dx.doi.org/10.1371/journal.pone.0039513
http://www.ncbi.nlm.nih.gov/pubmed/23049727
http://dx.doi.org/10.2337/dc08-9017
http://www.ncbi.nlm.nih.gov/pubmed/18308683
http://www.who.int/chp/chronic_disease_report/contents/en/index.html
http://dx.doi.org/10.2337/dc12-2625
http://www.ncbi.nlm.nih.gov/pubmed/23468086
http://www.ncbi.nlm.nih.gov/pubmed/7587849
http://www.worldbank.org/content/dam/Worldbank/document/the-economic-costs-of-noncommunicable-diseases-in-the-pacific-islands.pdf
http://www.worldbank.org/content/dam/Worldbank/document/the-economic-costs-of-noncommunicable-diseases-in-the-pacific-islands.pdf
http://www.worldbank.org/content/dam/Worldbank/document/the-economic-costs-of-noncommunicable-diseases-in-the-pacific-islands.pdf

@’PLOS ‘ ONE

The Cost of Diabetes

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.
36.

37.

38.

39.

Falconer DG, Buckley A, Colagiuri R. Counting the cost of type 2 diabetes in Vanuau. Diabetes Res
Clin Pract 2010; 87:92-97. doi: 10.1016/j.diabres.2009.09.022 PMID: 19875191

Colagiuri R. Building capacity to reduce diabetes complications in the Pacific: the Vanuatu experience
so far. Pract Diab Int 2006; 23:343—6.

Win Tin ST, Gadabu E, Iro G, Tasserei J, Colagiuri R. Diabetes related amputations in Pacific Islands
countries: A root cause analysis of precipitating events. Diabetes Res Clin Pract, 2013; 100:230-4.
doi: 10.1016/j.diabres.2013.03.012 PMID: 23523284

Colagiuri S, Colagiuri R, Conway B, Grainger D, Davey P, DiabCo$t Australia: Assessing the burden of
type 2 diabetes in Australia, Diabetes Australia, Canberra, 2003.

National report on population and housing, Republic of Nauru. National Census 2011. Available: http://
www.spc.int/nmdi/nmdi_documents/2011_NAURU_CENSUS_REPORT.pdf. Accessed 5 February
2014.

Report on 2009 population and housing census, Solomon Islands. Census 2009. Available: http://www.
mof.gov.sb/Libraries/Statistics/2011_06_-_Report_on_2009_Population_Housing_Census.sflb.ashx.
Accessed 5 February 2014.

International Diabetes Federation, Diabetes Atlas 5™ edition, Brussels, 2011.

United States Census Bureau International Database. Available: http://www.census.gov/population/
international/data/idb/informationGateway.php. Accessed 28 March 2014.

International Diabetes Federation, Diabetes Atlas 3rd edition, Brussels, 2006.

OzForex Foreign exchange services. Australia. Available: http://www.ozforex.com.au/forex-tools/
historical-rate-tools/yearly-average-rates. Accessed 28 March 2014.

Shemilt I, Thomas J, Morciano M. A web-based tool for adjusting costs to a specific target currency tar-
get currency and price year. Evidence and Policy- A Journal of Research Debate and Practice 2010;
6:51-59.

Cochrane Economics Methods Group- CCEMG and Evidence for Policy and Practice information and
Co-ordinating Centre- EPPI Centre Cost Converter version 1.4. Available: http://eppi.ioe.ac.uk/
costconversion/default.aspx. Accessed 5 February 2014.

EuroQol EQ-5D user guide version A (6/69). Publication Department, Centre for Health Economics,
University of York, York.

Jonsson B. Revealing the cost of type 2 diabetes in Europe. Diabetologia 2002; 45:S5-S12. PMID:
12136405

Koster |, Ferber LV, Ihle P, Schubert |, Hauner H. The cost burden of diabetes mellitus: the evidence
from Germany—the CoDiM study. Diabetologia 2006; 49:1498—-1504. PMID: 16752168

Clarke P, Kelman C, Colagiuri S. Factors influencing the cost of hospital care for people with diabetes
in Australia. Journal of Diabetes and lts Complications 2006; 20:349-355. PMID: 17070437

Barcelo A, Adeo Cristian, Rajpathak S, Robles S. The cost of diabetes in Latin America and the Carib-
bean. Bulletin of the World Health Organization 2003; 81:19-23. PMID: 12640472

Burno G, Karaghiosoff L, Merletti F, Costa G, Maria MD, Panero F, Segre O, Cavallo-Perin P, Gnavi R.
The impact of diabetes on prescription drug costs: the population-based Thrin study. Diabetologia
2008; 51: 795-801. doi: 10.1007/s00125-008-0957-4 PMID: 18317724

Dall TM, Zhang Y, Chen Y, Quick WW, Yang WG, Fogli J. The economic burden of diabetes, Health
Affairs 2010; 29:297-303. doi: 10.1377/hlthaff.2009.0155 PMID: 20075080

World Health Organization country health information, national health accounts database, country pro-
file. Available: http://apps.who.int/nha/database/Country_Profile/Index/en. Accessed 5 February 2014.

National Health Strategic Plan, The Ministry of Health and Medical Services, Solomon Islands Govern-
ment 2011-2015.

Solomon Islands Budget, budget strategy and outlook. Ministry of Finance and Treasury 2013.
Ministry of Health and Medical Services, Strategic plan, Republic of Nauru 2010-2015.

World Health Organization country health information, national health accounts. Available: http://www.
who.int/nha/country. Accessed 5 February 2014.

Central Intelligence Agency, World Factbook. Available: https://www.cia.gov/library/publications/the-
world-factbook/fields/2129.html. Accessed 28 August 2014.

World Bank. Skills for Solomon Islands: Opening new opportunities. World Bank 2014. Available: http://
www.worldbank.org/content/dam/Worldbank/document/EAP/Pacific%20lslands/Solomon%20Island%
20Skills.pdf. Accessed 28 August 2014.

Lee CMY, Colagiuri R, Magliano DJ, Cameron AJ, Shaw J, Zimmet P, Colagiuri S. The cost of diabetes
in adults in Australia. Diabetes Res and Clin Pract 2013; 99:385-390.

PLOS ONE | DOI:10.1371/journal.pone.0145603 December 23, 2015 12/183


http://dx.doi.org/10.1016/j.diabres.2009.09.022
http://www.ncbi.nlm.nih.gov/pubmed/19875191
http://dx.doi.org/10.1016/j.diabres.2013.03.012
http://www.ncbi.nlm.nih.gov/pubmed/23523284
http://www.spc.int/nmdi/nmdi_documents/2011_NAURU_CENSUS_REPORT.pdf
http://www.spc.int/nmdi/nmdi_documents/2011_NAURU_CENSUS_REPORT.pdf
http://www.mof.gov.sb/Libraries/Statistics/2011_06_-_Report_on_2009_Population_Housing_Census.sflb.ashx
http://www.mof.gov.sb/Libraries/Statistics/2011_06_-_Report_on_2009_Population_Housing_Census.sflb.ashx
http://www.census.gov/population/international/data/idb/informationGateway.php
http://www.census.gov/population/international/data/idb/informationGateway.php
http://www.ozforex.com.au/forex-tools/historical-rate-tools/yearly-average-rates
http://www.ozforex.com.au/forex-tools/historical-rate-tools/yearly-average-rates
http://eppi.ioe.ac.uk/costconversion/default.aspx
http://eppi.ioe.ac.uk/costconversion/default.aspx
http://www.ncbi.nlm.nih.gov/pubmed/12136405
http://www.ncbi.nlm.nih.gov/pubmed/16752168
http://www.ncbi.nlm.nih.gov/pubmed/17070437
http://www.ncbi.nlm.nih.gov/pubmed/12640472
http://dx.doi.org/10.1007/s00125-008-0957-4
http://www.ncbi.nlm.nih.gov/pubmed/18317724
http://dx.doi.org/10.1377/hlthaff.2009.0155
http://www.ncbi.nlm.nih.gov/pubmed/20075080
http://apps.who.int/nha/database/Country_Profile/Index/en
http://www.who.int/nha/country
http://www.who.int/nha/country
https://www.cia.gov/library/publications/the-world-factbook/fields/2129.html
https://www.cia.gov/library/publications/the-world-factbook/fields/2129.html
http://www.worldbank.org/content/dam/Worldbank/document/EAP/Pacific%20Islands/Solomon%20Island%20Skills.pdf
http://www.worldbank.org/content/dam/Worldbank/document/EAP/Pacific%20Islands/Solomon%20Island%20Skills.pdf
http://www.worldbank.org/content/dam/Worldbank/document/EAP/Pacific%20Islands/Solomon%20Island%20Skills.pdf

@. PLOS ‘ ONE The Cost of Diabetes

40. McBrien KA, Manns BJ, Chui B, Klarenbach SW, Rabi D, Ravani P et al. Health care costs in people
with diabetes and their association with glycemic control and kindly function. Diabetes Care 2013;
36:1172-1180. doi: 10.2337/dc12-0862 PMID: 23238665

41. Khowaja LA, Khuwaja AK, Cosgrove P. Cost of diabetes care in out-patient clinics of Karachi, Pakistan.
BioMed Central 2007; 7:189.

42. FuAZ, QiuY, Radican L, Wellis BJ. Health care and productivity costs associated with diabetes
patients with macrovascular comorbid conditions. Diabetes care 2009; 32:2187-2192. doi: 10.2337/
dc09-1128 PMID: 19729528

43. Javanbakht M, Bradaran HR, Mashayekhi A, Haghdoost AA, Khamseh M, Kharazmi E, Sadeghi A.
Cost-of-illness analysis of type 2 diabetes mellitus in Iran. PLOS one 2011; 6:10:€26864. doi: 10.1371/
journal.pone.0026864 PMID: 22066013

PLOS ONE | DOI:10.1371/journal.pone.0145603 December 23, 2015 13/13


http://dx.doi.org/10.2337/dc12-0862
http://www.ncbi.nlm.nih.gov/pubmed/23238665
http://dx.doi.org/10.2337/dc09-1128
http://dx.doi.org/10.2337/dc09-1128
http://www.ncbi.nlm.nih.gov/pubmed/19729528
http://dx.doi.org/10.1371/journal.pone.0026864
http://dx.doi.org/10.1371/journal.pone.0026864
http://www.ncbi.nlm.nih.gov/pubmed/22066013

