[Downloaded free from http://www.jmedscindmc.com on Monday, June 11, 2018, IP: 61.216.25.218]

J Med Sci 2018;38(3):122-126
DOI: 10.4103/jmedsci.jmedsci 12 18

ORIGINAL ARTICLE

V7%

The Glycemic Control of Adult Population in Nauru

Li-Ju Ho', Ruei-Yu Su?, Chieh-Hua Lu!, Yu-Hui Lee!, Chun-Jui Huang?, Chang-Hsun Hsieh!

'Department of Medicine, Division of Endocrinology and Metabolism, National Defense Medical Center,
Tri-Service General Hospital, *Department of Pathology, Shuang Ho Hospital, Ministry of Health and Welfare,
Taipei Medical University, *Department of Medicine, Division of Endocrinology and Metabolism, Taipei Veterans
General Hospital, Taipei, Taiwan

Aims: The first aim of the present study is to evaluate the current glycemic control and characteristics of overall and newly
diagnosed diabetes mellitus (DM) population from two cohorts population (2011-2012 and 2014-2015). Furthermore, the
hemoglobin A1C (HbA1C) levels of newly diagnosed in these two cohorts population will be also compared to HbA1C levels on
2013 in subjects of previous diagnosed DM ongoing therapy. Settings and Design: This is a retrospective observational cohort
study. Subjects and Methods: All of the data come from the Nauru Diabetes Registry database from Nauru Public Health Center
from 2011 to 2015. All patients with their HbA1C will be analyzed and compared between year of 2011-2012 and 2014-2015.
Statistical Analysis Used: Descriptive results of continuous variables will be expressed as means + standard deviation. We
use unpaired #-test for comparisons of quantitative variables. A two-tailed P < 0.05 was considered statistically significant.
The statistical analyses will be performed using the program SPSS (Chicago, Illinois, USA; version 18.0). Results: A total of
614 patients were enrolled for the analysis with mean age of 49.8 year old and mean diabetic duration of 10.1 years. The mean
age of onset of DM is 40.4 year old. The female population had long duration of DM than male population. The overall HbA1C
levels are slightly greater in 2014-2015 than 2011-2012 without statistical significance (10.9% + 2.7% and 10.6% =+ 2.2%,
respectively). The HbA1C levels also do not differ among DM patients with regular outpatient visits. The mean HbA1C of newly
diagnosed DM is significant higher in 2014-15 than that in 2011-2012 (11.5% =+ 2.4 and 10.6% + 2.1%, respectively, P = 0.039),
but not different from HbA1C levels in 2013 in DM patients who received ongoing treatment (10.9% + 2.3%). Furthermore,
HbA1C worsened significantly in 2 of the 15 districts between 2011-2012 and 2014-2015. Conclusions: Nauru has a high
prevalence rate with early onset and inadequately controlled diabetes. It needs to propose strategy to early detect and improve
glycemic control early to prevent future diabetic complications.
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INTRODUCTION

The prevalence of diabetes mellitus (DM) had been increased
gradually all worldwide. According to the data of International
Diabetes Federation (IDF), the diabetes patients will increase
from 425 million in 2017 to 629 million in 2045.! DM will
cause socioeconomic burden due to its related comorbidity and
chronic complications, including micro-and macro-vascular
complications. According to the previous studies, the best
strategies to prevent chronic diabetic complications are “the
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carlier, the better” and possible “the lower, the better from the
initial diagnosis”, that is so-called legacy effect.>® Therefore,
it is also very important to treat subjects with DM in the early
stage aggressively.

Nauru is one of the countries with high prevalence of
diabetes in the world. The World Health Organization (WHO)
has implemented a nation-wide Stepwise Surveillance
of Risk Factors for Noncommunicable Diseases
Survey (Nauru-STEPS) in 2004.* In that survey, it is
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shown that the overall prevalence of DM is 16.2% in adult
population. The prevalence rate also increased with age,
from 3.8% of age 15-24 years old to 45% of age from 55 to
64 year old.* Although it once seemed that the prevalence of
DM has decreased according to previous reports,>’ the latest
prevalence of the DM in Nauru was 23.3% by the data of IDF
in 2014." Therefore, DM was still an important issue in Nauru
because the annual cost for DM was estimated about 20% of
the annual health-care expenditure of governments.®

According to the reports of the government, the most of
the mortality and morbidity comes from metabolic disorder,
which DM being the most important contributor. Moreover,
the prevalence of diabetic complications is higher than other
Pacific Islands countries.” Moreover, these complications
are closely associated with glycemic control and duration of
the DM.’ Therefore, it is important to understand the current
overall DM control in Nauru, followed by taking action to
reduce the incidence of DM and its related complications.
However, there was no previous study to explore the overall
glycemic control of patients with DM in Nauru in the past.
Furthermore, according to the early study, it suggests that the
diabetic management may not be effective in Nauru about
decades ago.' It needs to know whether this condition had
been changed or not under the current medical resources.

Therefore, the first aim of the present study is to evaluate
the current glycemic control and characteristics of overall
and newly diagnosed DM population from two cohort
population (2011-2012 and 2014-2015). Furthermore, the
hemoglobin A1C (HbA1C) levels of newly diagnosed in these
two cohorts population will be also compared to HbA1C
levels on 2013 in subjects of previous diagnosed DM ongoing
therapy.

SUBJECTS AND METHODS

Study population

This research was designed to collect the HbA1C levels
to evaluate their glycemic control of Nauru adult population
between years of 2011 and 2015. The diagnosis of DM is made
by either randomized blood sugar levels 200 mg/dl or above,
fasting plasma glucose (FPG) levels 126 mg/dl or above,
HbA1C 6.5% or above, or on medical treatment for DM. All of
the demographic characteristics and diabetic profiles (diabetic
duration, age of DM being diagnosed, and HbA1C) come
from DM Registry database of the Nauru Public Health
Center, where the major place for caring diabetic patients
in Nauru. The data were divided by 15 different Districts.
The data from diabetic population were also separated by
two cohorts (2011-2012 and 2014-2015) and analyzed for
their difference of the HbA1C levels. HbAIC levels will
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be averaged if they were performed >1 time. Patients were
classified as regular outpatient visits if they were diagnosed
as DM before 2012 and had HbA1C data during two cohort
period and outpatient visit to clinic at least twice among each
year. HbA1C levels in 2013 will be obtained and considered
as previously diagnosed DM patients and compared to
newly diagnosed DM patients in two cohort population. The
change of HbA1C levels was also evaluated among different
districts during these two cohort population. The HbAIC
were performed by DCA Vantage Analyzer (Siemens, Unites
States). The study was a collaborative initiative between the
Nauru Ministry of Health, and Taiwan Ministry of Foreign
Affairs, and Tri-Service General Hospital, Taiwan. Ethics
approval was granted by the Institutional Review Board of
Nauru Noncommunicable Disease Steering Committee and
Nauru Ministry of Health.

Statistical analysis

Descriptive results of continuous variables will be
expressed as means + standard deviation. We use unpaired
t-test for comparisons of quantitative variables. A two-tailed
P <0.05 was considered statistically significant. The statistical
analyses will be performed using the program SPSS (Chicago,
Illinois, USA; version 18.0).

RESULTS

There was a total of 755 cases from the DM registry
database. After excluding cases with missing demographic
characteristics and concern about definitive diagnosis of
DM, a total of 614 patients with female predominance
(57%) were enrolled for the analysis with mean age of 49.8
years old and diabetic duration of 10.1 years [Table 1].
The female population had long duration of DM than male
population (11.2 = 9.9 and 8.7 + 7.6 years, respectively,
P < 0.001). The age of onset of DM is 40.4 years old. The
overall HbAIC levels are slightly greater in 2014-2015
(614participants) than 20112012 (566 participants) without
statistical significance (10.9% =+ 2.7% and 10.6% + 2.2%,
respectively) [Table 1]. The HbA1C of newly diagnosed
DM is significant higher in 2014-2015 (44 participants)
than that in 2011-2012 (65 participants) (11.5% + 2.4% and
10.6% =+ 2.1%, respectively, P = 0.039), but not different
from HbAI1C levels on 2013 in previously diagnosed DM
(10.9% + 2.3%) [Figure 1]. The HbA1C level between
newly diagnosed DM patients among 2011-2012 cohort
and ongoing therapy in 2013 during follow-up was not
different (data were not shown). The HbA1C levels also do
not differ among DM patients with regular outpatient visits
(112 participants) between 2011-2012 and 20142015 cohort
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Figure 1: The hemoglobin A1C of previously diagnosed diabetes in 2013 and
newly diagnosed diabetes in 2011-2012 and 2014-2015 cohort

Table 1: The characteristics and glycemic control of the
study population in 2014-2015

Group All (614) Male (264) Female (350) P*
Age (years) 49.8+12.3 483x12.4  50.9+12.1 0.734
DM duration 10.1£9.1 8.7+7.6 11.249.9 <0.001"
Age of DM diagnosis 40.4+11.8 40.2+11.5 40.6+12.1 0.316
HbAIC (2011-2012)  10.6£2.2  10.7+2.3 10.6+2.1 0.218
HbAIC (2014-2015)  10.9£2.7  10.8+2.7 11.0£2.6 0.285

*A two-tailed P<0.05 was considered statistically significant. P value
indicated difference between male and female population. DM=Diabetes
mellitus; HbA1C=Hemoglobin A1C

[Figure 2]. Furthermore, there are differences of diabetic
profiles and HbA1C change among different districts. Except
for districts of Anetan, and Anibare, where HbA1C increased
from 2011-2012 to 2014-2015, the HbA1C levels do not
change significantly in the rest of the districts [Table 2]. The
other diabetic profiles were similar among districts.

DISCUSSION

This study is first one to explore the diabetic control among
overall and newly diagnosed DM patients from different
districts in Nauru. The results show that diabetic control seems
to be poor both in subjects of newly diagnosed and previously
known DM in Nauru. This message is very important for
Nauru government to take action early to prevent further
development of chronic complications because most of the
burden or mortality of this country comes from DM and its
related complications.

The overall diabetic control seems to be poor across the
following up period both in newly and previously diagnosed
subjects of DM. Although nonsignificantly different, there is
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Figure 2: The change of hemoglobin A1C among patients with diabetes with
regular outpatient visits

a trend to show deteriorated glycemic control from 2011 to
2015 (from 10.6 + 2.2, 10.9 £+ 2.3, to 10.9 £ 2.7). Besides,
the glycemic control also did not improve for those who with
regular outpatient visit. It suggested that the current strategy
in the diabetic management does not work in the past few
years. This situation was similar to the previous finding.'
There are several possibilities to explain why the strategy
does not improve glycemic control. The first one should be
the limited medical resources, which only older anti-diabetic
medications are available, including only biguanides and
sulfonylureas for oral and human regular insulin and neutral
protamine Hagedorn for injection. Furthermore, many patients
received insulin therapy do not have good compliance for
injection due to their ability to learn this technique or lack of
strips to perform self-monitor of blood glucose. Second, high
proportional percentage of patients just refills medications
from the nurse instead of visiting physician when they run
out of the medications. Therefore, they did not adjust the
medications or dose for improvement their diabetic control.
Finally, the unhealthy lifestyle pattern also plays an important
role to this unsuccessful treatment. Most of the people,
including diabetics only unhealthy lifestyle habit, including
low level of physical activity, habit of smoking and alcohol
drinking, and eat less vegetables and fruits.*!'" About 96.9% of
the population consumed fewer than five combined servings of
fruit and/or vegetables per day according to the report of WHO
STEPS in 2004.* Furthermore, they consume sugar-sweetened
beverage a lot, just like other Pacific Islands countries.!? Our
results are different from recent report, which demonstrated
improved glycemic control (—0.9% of HbA1C level) during a
15-month interval follow-up. This discrepancy may attribute
the difference of study design, numbers of population, and
frequency of hospital visits."



Table 2: Characteristics of diabetic patients and their
change of A1C among patients from different districts

District Age DM Diagnosis  2011-2012  2014-2015
duration age AlC AlC
All 49.8+12.3  10.149.1  40.4+11.8  10.5+£2.2 10.9+2.7
Aiwo 49.3£11.9  10.3£10.9 39.0+11.8  11.1£2.2 11.2+£2.9
Anabar  48.0+13.4 10.4£12.0 37.9+123  10.3£2.1 11.242.7
Anetan  S51.7+14.8  10.6+2.1  423+13.9  9.6+2.6 12.4+1.6*
Anibare  47.3+10.6  7.9+82  39.7x11.4 9.8+2.3 12.3+3.2%
Baitsi 542+10.8  10.148.4  42.7+10.3  11.6+2.8 10.6+£2.8
Boe 53.8412.9 13.6+£10.7 41.5+11.6  10.1+2.1 10.1+2.5
Buada 457102 8.5+£7.3 37.949.1 10.4+2.1 10.2+2.4
Denig 50.5+13.5  9.9+8.5  41.9+13.8  10.7+£2.0 10.1£3.3
Ewa 51.7416.6  13.6£9.4  38.9+13.6  11.6+2.7 11.0+2.4
Ljuw 50.3+7.9  12.5+10.3  38.0+6.1 10.6+2.1 11.3+2.8
Location 49.1+11.9  7.1+£52  42.7+12.2  10.842.4 10.7+2.8
Meneng  50.9£11.0  9.7#8.6  42.2+11.6  10.6+1.6 10.742.6
Nibok 51.4+11.3  11.56+9.4 41.1+12.8  10.5+2.1 10.8+2.5
Uaboe 438+13.5 93484  355+129  11.7+2.1 11.343.1
Yaren 48.3+11.8  10.6+10.3 39.1+10.6  10.7+2.4 11.442.5

* The HbAlc increased from 2011-2012 to 2014-2015 significantly in
districts of Anetan and Anibare.

We want to explore if there is difference of glycemic
control among different characteristics of patients. We found
the glycemic control deteriorate when time goes by in patients
from the district of Anetan and Anibare. More interestingly,
diabetic patients from Anibare district have higher HbAI1C
levels with a relatively short duration of DM than other
districts. It is hard to explore this observation because other
demographic characteristics were not available, but it needs
to look at the problem why these patients do not control their
DM well. We also found the older age the patients they are,
the better glycemic control they have (data were not shown).
This association was observed both in 2011-2012 and 2014—
2015, but more close in 2014-2015. This should be considered
a warning sign to young population with DM and advised to
control their blood glucose as early as possible to avoid future
complications. Because of the major reasons leading to the
chronic complications in Pacific Islands countries included
delaying treatment and use of traditional treatments, which
conditions were common in Nauru.'*

One interesting finding of the current study demonstrated that
the HbA1C levels were higher in 2014-2015 than that in 2011—
2012 among newly diagnosed DM. It means the diagnosis of DM
has been delayed or the poor awareness of the DM. The main
possibility for this delay of DM diagnosis may contribute to the
method of DM diagnosis. Most of the patients were diagnosed
of DM through randomized blood sugar concentrations (blood
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sugar levels, either fasting, or postprandial). These patients often
come to the clinic with typical symptoms of DM and presented
with very high blood glucose concentrations. It was reported
that random plasma glucose levels may underestimate the true
prevalence of diabetes'® and a single FPG level is limited to
detect less diabetic subjects as comparing to other diagnostic
criteria.'® Second, lack of awareness of symptoms or signs of the
DM may also another possibility for the delay diagnosis of DM.
It is noticed that there are no physicians from their own country
and most of the foreign doctors also rotated with various interval,
which maybe a barrier for success of the policy. Furthermore,
there is no large national wide survey for noncommunicable
diseases in Nauru since STEPS performed by the WHO in
2004.* It may need to modify the policy of public health
promotion plan although some strategy (such as outreach clinic)
had proposed to identify more patients with unknown DM.
Finally, not every physician follows-up the guideline to manage
patients with DM. Some diabetic patients with mild elevated
HbAIC levels (around 7%-8%) just received on diet control
and lost outpatient follow-up later and returned to the clinic with
very high HbA1C levels eventually. The life span of patients
with DM was about 10 years shorter than those who without
DM. 718 The average of life expectancy in Nauru was 56.8 years
for male and 62.8 years for female population according to
the government’s report. Because the age of diabetic onset is
young (40 years) in Nauru, and a latest study demonstrated most
of the patients needed hemodialysis (HD) had DM (70%) and
the 5-year survival probabilities after HD was 25.9%." It means
that we should treat these diabetic patients more aggressively to
lead them to a better life.

The major strength of the current study is to explore the
latest glycemic control among a high diabetic prevalence
country, where had never evaluated previously. There are
still several limitations about this study. The first, only a half
of the estimated DM patients were analyzed, which made
the interpretation with caution. Second, we use the average
HbAIC levels for evaluation of glycemic control, but the
HbAI1C levels may fluctuation during outpatient visits. We
cannot approach the detail information precipitating to the
HbAIC change. Furthermore, someone may concern about
the method to measure HbA1C levels is not the standardized
one, but this method had been proved to support the use of
the DCA HbAlc test as a reliable aid in the diagnosis of
DM.? Third, the relatively small numbers of the patients
with regular outpatient follow-up (112 subjects) although the
trend is similar to the overall population. Finally, the data of
demographic characteristics were not completely available,
such as their initial and current weight, and treatment regimen
so we do not know if there was different treatment response
between different subgroups.
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CONCLUSION

Nauru has a high prevalence rate with early onset and
inadequately controlled diabetes. It needs to propose strategy
to early detect and improve glycemic control early to prevent
future diabetic complications. In brief, the overall glycemic
control and treatment strategy needs to take action to develop
strategy to improve diabetes care and health outcomes for this
risk population.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

126

Available from: http://www.diabetesatlas.org/
resources/2017-atlas.html. [Last accessed on 2018 Jan 30].
Holman RR, Paul SK, Bethel MA, Neil HA,
Matthews DR. Long-term follow-up after tight control
of blood pressure in type 2 diabetes. N Engl J Med
2008;359:1565-76.

Schernthaner G. Diabetes and cardiovascular disease:
Is intensive glucose control beneficial or deadly?
Lessons from ACCORD, ADVANCE, VADT, UKPDS,
PROactive, and NICE-SUGAR. Wien Med Wochenschr
2010;160:8-19.

WHO: Nauru NCD Risk Factors: STEPS Report; 2007.
Available from: http://www.who.int/ncds/surveillance/
steps/Printed STEPS Report Nauru.pdf. [Last
accessed on 2018 Jan 30].

Khambalia A, Phongsavan P, Smith BJ, Keke K, Dan L,
Fitzhardinge A, et al. Prevalence and risk factors of
diabetes and impaired fasting glucose in Nauru. BMC
Public Health 2011;11:719.

Dowse GK, Zimmet PZ, Finch CF, Collins VR.
Decline in incidence of epidemic glucose intolerance in
Nauruvans: Implications for the “thrifty genotype”. Am J
Epidemiol 1991;133:1093-104.

NCD Risk Factor Collaboration (NCD-RisC). Worldwide
trends in diabetes since 1980: A pooled analysis of 751
population-based studies with 4.4 million participants.
Lancet 2016;387:1513-30.

Tin ST, Iro G, Gadabu E, Colagiuri R. Counting the cost
of diabetes in the Solomon Islands and Nauru. PLoS
One 2015;10:e0145603.

Tin ST, Lee CM, Colagiuri R. A profile of diabetes in

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

pacific island countries and territories. Diabetes Res
Clin Pract 2015;107:233-46.

King H, Zimmet P, Thoma K, Coventry 1.
Non-insulin-dependent ~ diabetes  in  Nauruans:
A comparison of newly and previously diagnosed cases.
Diabetes Res Clin Pract 1985;1:179-84.

Kessaram T, McKenzie J, Girin N, Roth A, Vivili P,
Williams G, et al. Noncommunicable diseases and
risk factors in adult populations of several pacific
islands: Results from the WHO STEPwise approach to
surveillance. Aust N Z J Public Health 2015;39:336-43.
Pak N, Mcdonald AM, McKenzie J, Tukuitonga C.
Soft drink consumption in pacific island countries and
territories: A review of trade data. Pac Health Dialog
2014;20:59-66.

Hsu CT, Leona R, Wu MJ. Epidemiology of haemodialysis
patients and haemodialysis performance in Nauru.
Nephrology (Carlton) 2017; doi: 10.1111/nep.13200.
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.

Finch CF, Dowse GK, Collins VR, Zimmet PZ.
Quantifying the extent to which random plasma glucose
underestimates diabetes prevalence in the Nauruan
population. Diabetes Res Clin Pract 1990;10:177-82.
Taylor R, Zimmet P. Limitation of fasting plasma
glucose for the diagnosis of diabetes mellitus. Diabetes
Care 1981;4:556-8.

Gu K, Cowie CC, Harris MI. Mortality in adults with
and without diabetes in a national cohort of the U.S.
Population, 1971-1993. Diabetes Care 1998;21:1138-45.
Roper NA, Bilous RW, Kelly WF, Unwin NC,
Connolly VM. Excess mortality in a population with
diabetes and the impact of material deprivation:
Longitudinal,  population based study. BMIJ
2001;322:1389-93.

Win Tin ST, Laesango N, Gadabu E, Colagiuri R.
Comparing metabolic control and complications in
type 2 diabetes in two pacific islands at baseline and
following diabetes care intervention. J Clin Transl
Endocrinol 2016;4:32-7.

Available from: https://static.healthcare.siemens.
com/siemens_hwem-hwem_ssxa_websites-context-
root/wem/ide/groups/public/@global/@lab/@poc/
documents/download/mday/nzg2/~edisp/130890-gc1
dca_hbalc_precision_study white paper to support
ous_dx claim final web-01360756.pdf. [Last accessed
on 2018 Jan 30].



