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Diabetes causes disability, morbidity, and cost burden. It develops faster in individuals with prediabetes. Approximately 50%
of patients with diabetes remain undiagnosed until physical complications appear. This study aimed to determine the preva-
lence of prediabetes and undiagnosed diabetes based on fasting blood glucose levels and associated factors in a community in
Indonesia. This community-based cross-sectional study applied the convenience sampling technique. Participants included
412 adults without a history of type 2 diabetes. The fasting blood sugar levels of the respondents were measured after fasting
for atleast eight hours. The American Diabetes Association guidelines were followed to identify individuals with prediabetes
and undiagnosed diabetes. The study results revealed a 27% prevalence of prediabetes and a 20% prevalence of undiagnosed
diabetes in the respondents. The bivariate analysis did not show any significant difference between the risks of normoglyce-
mia and prediabetes. However, three significantly different diabetes risk variables were identified between normoglycemia
and undiagnosed diabetes: age, having experienced elevated blood glucose levels during a health check-up, and having a
family member who has diabetes (p<0.05). The incidences of prediabetes and undiagnosed diabetes were high among the
study population. Therefore, efforts should be made to prevent the development of prediabetes into diabetes and to manage

individuals with undiagnosed diabetes to reduce its prevalence and complications in the future.
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Introduction

Diabetes mellitus has various causes, including a
chronic increase in blood glucose levels and impaired
metabolism of carbohydrates, proteins, and fats because
of abnormal insulin secretion or insulin action [1]. The
total number of adults with diabetes worldwide was 366
million in 2011, which increased to 537 million—with
a prevalence of 10.5%—by the end of 2021. This num-
ber has been continuously increasing. It is estimated
that worldwide, by 2030 and 2045, 643 million and 783
million people, respectively, will be afflicted by diabe-
tes. In Indonesia, the number of people with diabetes
was 7.3 million in 2011, which increased to 19.5 mil-

lion—with a prevalence of 10.8%—in 2021. It is estimat-
ed that by 2045, this number will be 28.6 million [2].
Diabetes poses burdens such as disability, morbid-
ity, and cost. The most common factor for the burden
experienced by people with diabetes is complications
in the blood vessels [3]. Diabetic complications develop
gradually and can be categorized as microvascular (pe-
ripheral nerve, kidney, and retinal disorders) or mac-
rovascular (atherosclerosis, heart attack, and stroke)
complications [4, 5]. Complications associated with di-
abetic foot ulcers (DFUs) are also common [6]. Owing to
theseissues, people with diabetes experience poor qual-
ity of life, substantial healthcare-related costs, and a
highrisk of death [7, 8]. In Indonesia, the most common
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complications include diabetic neuropathy (64%), dia-
betic retinopathy (42%), microvascular complications
(28%), macrovascular complications (16%), and diabetic
nephropathy (7%)—in that order [9]. Globally, the total
health cost associated with diabetes in 2021 was USD
966 billion [2]. By 2045, it is estimated to reach USD
1,054 million [10].

Prediabetes—also known as intermediate hyper-
glycemia [2]—could be defined as an increase in blood
sugar levels close to that of diabetes but is not catego-
rized as diabetes. Individuals with prediabetes are not
affected by diabetes but remain at a high risk of de-
veloping similar complications. Globally, the number
of individuals with prediabetes was estimated to be
374 million in 2019. Without intervention, prediabetes
could progress to diabetes at the rate of 6.8% [11]—in
other words, a 20-times likelihood. However, as the
symptoms are not severe, they may remain unnoticed
for more than a decade [12].

Globally, an estimated 50% of patients with dia-
betes remain undiagnosed [13, 14] and, therefore, un-
treated for an extended period, which increases the
risk of complications. Additionally, among individuals
aged 51 years and older, the symptoms are considered
a result of the aging process, and thus, the disease re-
mains undiagnosed [12]. Studies in Kenya and Nigeria
have shown that approximately 50% of the population
is living with undiagnosed diabetes, and more than
60% of them have reported diabetic retinopathy with a
poor prognosis [15]. The number of undiagnosed cases
of diabetes is quite high in countries with significant
populations of individuals with diabetes—these in-
clude Indonesia, India, and China. The highest pro-
portions of undiagnosed cases of diabetes have been
reported in Mozambique, Uzbekistan, Indonesia, and
Afghanistan.

The total number of undiagnosed cases of diabetes
in Indonesia is expected to reach approximately 15 mil-
lion by 2021—that is, 73.7% of the total population [2].
Prediabetes and undiagnosed diabetes are more prev-
alent in populations with low education, low income,
sedentary lifestyles, unhealthy diets, and barriers to
screening for diabetes in developing countries [12].

Individuals with prediabetes or undiagnosed di-
abetes experience adverse effects on their metabolic
health similar to those experienced by individuals with
diabetes, although the latter is generally more severe.
Inappropriate, or lack of, treatment of prediabetes or
undiagnosed diabetes could impose heavy burdens on
an individual’s health and a country’s economy [13].
In the absence of diabetes prevention efforts, annual
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cases of diabetes will continue to increase, resulting
in increased disability and morbidity. Therefore, pre-
ventive interventions are required to ascertain diabe-
tes risk factors [16] and identify and screen individuals
with prediabetes or undiagnosed diabetes.

In Indonesia, the Ministry of Health has imple-
mented a diabetes prevention and management pro-
gram called the non-communicable disease-integrated
coaching post (Posbindu PTM). The Posbindu PTM in-
volves community members in the ongoing screening
and monitoring of non-communicable diseases. It is
conducted in five stages of service, called the 5-table sys-
tem, with the following activities: registration, inter-
view, physical examination, diagnostic examination,
non-communicable disease risk factor identification,
education, and follow-up [17]. Screening—this in-
cludes measurement of blood pressure, random blood
sugar levels, and body mass index—is independently
performed by many community members; however, a
few of them require assistance from Posbindu PTM [18]
health workers, such as nurses [17].

Nurses play a crucial role in preventing diabetes
and related complications. Among all health profes-
sionals, they spend the maximum time performing
health services such as assessment, diagnosis, treat-
ment, coordination, and patient education [19]. Their
involvement in diabetes prevention programs could
alleviate the cost burden and mitigate the symptoms
posed by the disease [19]. Diabetes nurses provide care,
training, and support via diabetes screening and pre-
vention programs to assist patients in performing
self-care. They impart education regarding diet and
lifestyle management, as well as diabetes treatment
and control [20]. Furthermore, they perform an essen-
tial role in diabetes management, including foot exam-
inations and annual routine check-ups. Their other
roles include screening, maintaining health to avoid
complications, and supporting patients with diabetes.
As part of professional healthcare, nurses can promote
diabetes prevention in the community using a holis-
tic approach and providing adequate primary nursing
care [20]. This study aimed to determine the prevalence
of prediabetes, undiagnosed diabetes, and its associat-
ed factors in the North Sumatra Province, Indonesia.

Material and methods

This study applied a descriptive cross-section-
al design in a sub-district (Deli Tua), a regency (Deli
Serdang), and a province (North Sumatra) of Indonesia.
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The sample size was determined using the formula of
Cochran (1963 for Israel) [21]:

Z2p.
N= P
e

Z = Z score for confidence level of 95%, % =1.96
e = level of precision
p = estimated proportion

q=1-p.

_ (1.96)2 (:5)(5) _

TBE 385.

The researchers added that more than 7% of the
respondents met the non-response criteria. The total
number of respondents was (385+27=) 412. The con-
venience sampling technique was employed because of
concerns regarding COVID-19 during data collection.
Thus, we selected individuals who were willing to par-
ticipate. The inclusion criteria included the following:
no history of type 2 diabetes, willingness to respond,
ability to read and write in Indonesian, and willingness
to fast for at least 8 hours.

This study utilized tools developed by Lindstrém
and Tuomilehto [22] to identify diabetes risk factors
and a glucometer (Bioptik Technology Inc. Taiwan) to
measure the fasting blood glucose levels. Risk factors
for diabetes included age, body mass index, abdominal
circumference, physical activity, vegetable or fruit con-
sumption, hypertension, increased blood sugar levels,
and relatives with diabetes.

An individual is defined as having prediabetes
if the fasting blood sugar levels are between 100 and
125 mg/dL and as having diabetes if the fasting blood
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Normoglycemia

Prediabetes

sugar levels are 126 mg/dL or higher [23]. In this study,
individuals were declared to have undiagnosed diabe-
tes if their elevated blood sugar levels met the criteria
for diabetes mellitus but had never been diagnosed [14].

Assessment of diabetes risk factors was performed
by trained health cadres. Fasting blood glucose levels
were checked by trained health workers permanently
assigned by the government to provide health services
to community members. The study was conducted in a
community between May and October 2020.

Data on prediabetes and undiagnosed diabetes
were analyzed using descriptive statistics. Further-
more, data on the associated factors were analyzed
using statistical inferential methods. Statistical signif-
icance was obtained when the p-value was <0.05. SPPS
version 23 was used for statistical analysis.

Results

The sample size of 412 included 98 men (24%) and
314 women (76%). Based on the results of fasting blood
glucose tests, 216 (53%) respondents had normal blood
glucose levels, 113 (27%) had prediabetes, and 83 (20%)
had undiagnosed diabetes (Figure 1 and Table 1).

Among the 113 (27%) respondents with prediabetes,
52% were aged <45 years. The percentages of overweight,
obese, and centrally obese individuals were 28.3%, 66.4%,
and 87.6%, respectively. Physical activity for at least 30
minutes daily (99.1%); consuming vegetables, fruits, or
berries every day (59.3%); not taking any medication for
hypertension (92.0%); having no history of high blood
glucose (99.1%); and no family history of diabetes (85.8%).

Undiagnosed Diabetes

Figure 1: Percentage of normoglycemia, prediabetes, and undiagnosed diabetes (N=412).
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Table 1: Distribution and percentage of normoglycemia, prediabetes, and undiagnosed diabetes by diabetes risk

factors from study participants (N=412).

Variable Total (%) Normoglycemia (%) Prediabetes (%) %?:;2%;0(22;1
Age (year)
<45 179 (43.4) 101 (46.8%) 52 (46.0%) 26 (31.3%)
45-54 101 (24.5) 59 (27.3%) 25 (22.1%) 17 (20.5%)
55-64 93 (22.6) 42 (19.4%) 28 (24.8%) 23 (27.7%)
>64 39(9.5) 14 (6.5%) 8 (7.1%) 17 (20.5%)
Body mass index (kg/m?)
<22 40 (9.7) 25 (11.6%) 6 (5.3%) 9 (10.8%)
22-25 112(27.2) 63 (29.2%) 32 (28.3%) 17 (20.5%)
>25 260 (63.1) 128 (59.3%) 75 (66.4%) 57 (68.7%)

Waist circumference (cm; men/women)

<90/80 87(21.1)

90-98/80-88 141(34.2)

>98/88 184 (44.7)
Physical activity

Yes 406 (98.5)

No 6(1.5)

Consuming vegetables, fruits, or berries
249 (60.4)
163 (39.6)

Every day

Not every day
Medication for hypertension

No 380 (92.2)

Yes 32(7.8)
History of high blood glucose

No 404 (98.1)

Yes 8(1.9)

History of family with diabetes

58 (26.9%)
81 (37.5%)
77 (35.6%)

214 (99.1%)
2 (0.9‘70)

130 (60.2%)
86 (39.8%)

203 (94.0%)
13 (6.0%)

215 (99.5%)
1(0.5%)

14 (12.4%) 15 (18.1%)

40 (35.4%) 20 (24.1%)
59 (52.2%) 48 (57.8%)
112 (99.1%)

1(0.9%)

80 (96.4%)
3 (3.6%)
67 (59.3%) 52 (62.7%)
46 (40.7%) 31(37.3%)
104 (92.0%)
9 (8.0%)

73 (88.0%)
10 (12.0%)

112 (99.1%)
1(0.9%)

77 (92.8%)
6 (7.2%)

No 341 (82.8) 186 (86.1%) 97 (85.8%) 58 (69.9%)
Yes: 2" degree 22 (5.3) 11 (5.1%) 5(4.4%) 6 (7.2%)
Yes: 1t degree 49 (11.9) 19 (8.8%) 11 (9.7%) 19 (22.9%)

Of the 83 (20%) respondents with undiagnosed
diabetes, 69.7% were aged >45 years. The percentag-
es of overweight, obese, and centrally obese individ-
uals were 20.5%, 68.7%, and 81.9%, respectively. Re-
spondents who performed physical activity for at least
30 minutes every day (96.4%); consumed vegetables,
fruits, or berries every day (62.7%); did not take any
medication for hypertension (88.0%); had no history of

© 2024 The Authors

high blood glucose (92.8%); and had no family history
of diabetes (69.9%) (Table 2).

No significant association was observed between
the risk of diabetes and prediabetes. However, there
was a significant association between three diabetes
risk factors and undiagnosed diabetes: age, having ex-
perienced increased blood sugar levels, and having rel-
atives with diabetes (p<0.05).
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Table 2: Factors associated with prediabetes and undiagnosed diabetes among the respondents (N=412).

Normoglycemia Normoglycemia
versus versus
Variable prediabetes undiagnosed diabetes
X2 p-value X2 p-value
Age (year) 1.82 .610 17.6 .001
BMI (kg/m?) 3.71 .156 2.57 .276
Waist circumference (cm; men/women) N/A N/A N/A N/A
Physical activity - 1.00 - 133
Consuming vegetables, fruits, or berries - .906 - .791
Medication for hypertension - .495 - .092
History of high blood glucose - 1.00 - .002
History of family with diabetes 140 .932 11.79 .003

Discussion

Prediabetes

The results revealed a 27% prevalence of predia-
betes—this may be due to the unavailability of screen-
ing programs in the study area. A study with a similar
result was conducted in Paris, France (27.2%) [24] and
approximately 84 million (34%) individuals in the U.S.
[25]. The results of a secondary data analysis based on
national-scale survey data in Indonesia revealed the
prevalence as follows: rural areas (44.8%), urban areas
(34.9%) [26], Mexican Americans (32%) [27], Catalonia,
Spain (39.3%) [28], Mexican Americans (44.2%) [29],
Kuwaiti Americans (47.9%) [30], and Shanghai, China
(52.3%) [31]. A systematic review of dental settings us-
ing random blood glucose levels showed that the esti-
mated proportion of prediabetes was 47.38% [32].

The results of the current study are higher than
those of several other studies: in the Danish popula-
tion (5.8%) [33], a national-scale study in France (7.2%)
[34], in Kuwait (11.1%) [35], in Canada (12.4%) [36], in
the north-central part of Ethiopia (14.5%) [14], north-
east Ethiopia (15.7%) [37], Vietnam (17.9%) [38], Mexico
(20.9%) [39], and Luxembourg (25.6%) [40]. A meta-anal-
ysis of the population of the eastern Mediterranean re-
gion revealed a 12.19% prevalence of prediabetes [41],
whereas a systematic review of the East African popula-
tion suggested a 12.58% prevalence of prediabetes [42].

This study did not identify a significant association
between the risk of diabetes and prediabetes; howev-
er, a systematic review of East African populations did
[42]. Older adults were 1.64 times more likely to devel-
op prediabetes than those aged 18-24; individuals with
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hypertension were 2.43 times more likely to develop
prediabetes; and overweight and obese respondents
were 1.7 times more likely to develop prediabetes [42].
According to the results of a cohort study, age was cor-
related with prediabetes and diabetes, which rapidly
increased after age 50 [24].

Insulin resistance causes prediabetes. Insulin re-
sistance is necessary to maintain glucose homeostasis;
however, if it persists for an extended period, it can
adversely impact the ability of the pancreas to produce
sufficient amounts of insulin to maintain normal blood
sugar levels [43]. Approximately 5-10% of prediabetes
patients develop diabetes [24]. Overall, the condition
of prediabetes persistence is preferable to that of dia-
betes. Nonetheless, it leaves a patient vulnerable to the
same diseases experienced by diabetics—for example,
diseases of the heart, blood vessels, and so on [44].

For diabetes prevention, lifestyle changes—for ex-
ample, reducing consumption of carbohydrates—are
preferable to lifestyle interventions [45]. With lifestyle
modifications, the incidence of prediabetes can de-
crease by 40-70% [24]. The first step to prevent diabetes
is screening to identify abnormal blood glucose levels
in overweight or obese individuals and in men over
50 years of age [24].

Undiagnosed diabetes

The results of the current study showed that 20%
of the respondents had undiagnosed diabetes. This
may be due to the need for greater awareness among
the respondents. Similar to this study, the results of
a study on a Danish suburban population revealed
that more than 20% of people with diabetes remained

© 2024 The Authors



undiagnosed [46]. The results of the study were high-
er in Paris, France (27%) [24] and northeast Ethiopia
(72.5%) [37]. A systematic review of dental settings
using random blood glucose levels revealed that the
estimated proportion of undiagnosed diabetes was
47.38%[32].

However, many studies have reported a lower prev-
alence; for instance, a national-scale study in France
identified that the prevalence of undiagnosed diabetes
was 1.6% [34], immigrants in the U.S. (2%) [47], Russia
(3.2%) [48], Catalonia, Spain (3.4%) [28], the north-cen-
tral part of Ethiopia (4.5%) [14], the Indian population
(6.0%) [49], the Danish population (6.1%)—the ratio be-
tween the diagnosed and undiagnosed cases was 5.3:0.8
[33]—, Kuwaiti (6.9%) [30], and the Canadian popula-
tion revealed that 2.8% of the cases of diabetes (7.5%)
were undiagnosed [36]. A meta-analysis of an eastern
Mediterranean population showed a 5.46% prevalence
of undiagnosed diabetes [41].

Additionally, there was a significant association
among age, having experienced increased blood sugar
levels, and having relatives with diabetes or undiag-
nosed diabetes (p<0.05). Changes in lifestyle and die-
tary patterns can reduce progression from prediabetes
to diabetes. The sooner the diagnosis, the better the
likelihood of preventing and mitigating complications
by administering antidiabetic medication and chang-
ing lifestyle and dietary patterns [34]. People with un-
diagnosed diabetes usually focus only on other health
problems, such as hypertension; therefore, they rare-
ly visit healthcare centers for diabetes. Patients with
diabetes show no difference in attendance of general
practitioners in the healthcare system based on socio-
economics [46].

This study employed a cross-sectional approach;
therefore, the results cannot be used to determine the
causal relationships among the variables. Further-
more, the current study has used only the fasting blood
sugar levels without following up with HbAlc (or oral
glucose tolerance test) to measure blood glucose pa-
rameters; therefore, the results can be underestimated.

Conclusion

The current study showed a high prevalence of
prediabetes and undiagnosed diabetes in Deli Serdang
Regency, North Sumatra, Indonesia. Diabetes risk fac-
tors and their relationships with prediabetes and undi-
agnosed diabetes were identified. Therefore, preven-
tive efforts focusing on modifiable factors are expected

© 2024 The Authors
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to reduce the prevalence of complications. Nurses can
play the role of educators in diabetes prevention and
management, especially those involved in the Posbindu
PTM program.
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