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Background: Prediabetes is a condition that can be controlled and managed to
prevent the occurrence of type 2 diabetes mellitus (T2DM). This condition can occur
at all ages, especially in young adults. However, little is known about what factors
increase the risk of prediabetes in young adults in East Java, Indonesia.

Purpose: This study aimed to estimate the prevalence and the influential risk
factors of prediabetes among young adults in East Java, Indonesia.

Methods: This study used a cross-sectional design. The purposive sampling
technique was used to recruit young adults in East Java Province, Indonesia.
International physical activity questionnaire short-form version questionnaire
(TIPAQ-SF) and physical indicators for anthropometry were used to obtain data on
sociodemographic characteristics, prediabetes knowledge, and physical activity. In
addition, blood pressure, impaired fasting glucose (IFG), and body mass index
(BMI) were measured. Multivariable logistic regression was employed in the
analysis to determine risk factors associated with prediabetes.

Results: There were 126 participants recruited, with 69 (54.8%) having
prediabetes based on IFG levels. Age (p=0.035), regular exercise (p=0.015), activity
level (p=0.026), body weight (p=<0.001), waist circumference (p=0.002), BMI

(p=<0.001) and obesity (p=<0.001) were significant factors associated with
prediabetes.

Conclusion: The high prevalence of prediabetes in young adults is associated with
age, routine exercise, activity level, body weight, waist circumference, BMI and
obesity. It is crucial to implement strategies, such as regular IFG testing, to identify
young adults with these risk factors for prediabetes screening.
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1. Introduction

Prediabetes is a condition in which blood glucose levels in the body are higher than normal
but not high enough to be categorized as diabetes mellitus. This condition has the highest
potential to develop into type 2 diabetes mellitus (T2DM) (American Diabetes Association, 2018).
In 2014, there were 314 million people with prediabetes, and by 2025, it is predicted to grow to
418 million. Prediabetes is more prevalent in developing countries at about 69.2% (Andes et al.,
2020). More than one-third of people with prediabetes will develop diabetes (Fujiati et al., 2017).
Prediabetes prevalence is high in young adults worldwide (Urena-Bogarin et al., 2015). The
prevalence of prediabetes in the United States was 18.0% among adolescents aged 12—18 years
based on HbA1c values. This increase was sharper in men (15.8% to 36.4%) compared to women
(7.1% to 19.6%) (Andes et al., 2020; Perng et al., 2023). Prediabetes prevalence in Indonesia
reaches 26.3% of the adult population (Ministry of Health, Republic of Indonesia, 2018). As an
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example, based on research results, the prevalence of prediabetes is very high in Pontianak,
Indonesia, where two-thirds of subjects have a fasting blood glucose of more than 100 mg/dL
(Budiastutik et al., 2022). However, there was limited information available at a younger age
(Andes et al., 2020; Noventi et al., 2019). In addition, Surabaya is ranked first with T2DM patients
in the province of East Java (Surabaya City Health Office, 2022)

Prediabetes is often unrecognized or cannot be addressed promptly (Eikenberg & Davy,
2013), with the consequences of missing opportunities for diabetes prevention. Based on a
previous study, 70% of people with prediabetes turn into diabetes mellitus (Kim & Shim, 20109;
Zhao et al., 2016; Zhu et al., 2019). Factors contributing to prediabetes include obesity, increased
triglycerides, decreased HDL, and hypertension. Prediabetes can also be caused by reduced
physical activity, excessive calorie intake, smoking, imbalance in energy consumption, and weight
gain (Altamash et al., 2013; Kim & Shim, 2019). Most of the previous studies did not specifically
examine prediabetes in young adults aged 19-25. However, various studies have shown that
prediabetes at a young age is linked to an increased risk of cardiovascular disease and mortality
from all causes (Joel et al., 2019; Subramaniam et al., 2021; Van Wissen & Blanchard, 2021).

It is essential to be aware of the increased risk of complications from diabetes in young adults.
Research conducted in Mexico has shown that the majority of patients with end-stage kidney
disease are diabetic and are much younger than those in other countries (Urefia-Bogarin et al.,
2015). It has been proven that there are differences in the incidence of prediabetes and diabetes
between urban and rural areas. These differences need to be taken into consideration when
developing strategies to control the development of diabetes mellitus that are specific to each area
category. For example, a study found that women in rural areas are more active, while central
obesity is more common in women in urban areas (Nurwanti et al., 2019). Therefore, strategies
to increase activity need to be developed for women in urban areas (Dany et al., 2020; Dugani et
al., 2021; Kalra et al., 2024). Understanding the risk factors for developing prediabetes can help
in planning successful health behavior interventions to delay and prevent diabetes (Okosun &
Lyn, 2015). Previous studies in Indonesia found that the prevalence of prediabetes in young adults
was very high in tropical urban areas of Pontianak (Budiastutik et al., 2022). A history of urban
residence in childhood and higher education can increase the risk of diabetes in adults, while most
diabetes is undiagnosed (Tanoey & Becher, 2021). Given that undiagnosed diabetes often stems
from prolonged periods of undiagnosed prediabetes, understanding the prevalence of prediabetes
in this population is crucial for early intervention and prevention strategies. Therefore, this study
aimed to determine the prevalence of prediabetes among young adults in East Java, Indonesia,
and find out the most dominant predictor factors for the occurrence of prediabetes in young adults

(19-25 years).

2. Methods
2.1. Research design

A descriptive correlation design with a cross-sectional approach was used. This design was
used to determine the prevalence and risk factors of prediabetes. Cross-sectional studies are
observational studies that analyze data from a population at a single point in time. They are often
used to measure the prevalence of health outcomes, understand determinants of health, and
describe features of a population. Cross-sectional studies do not follow individuals up over time.
They are usually inexpensive and easy to conduct (Wang & Cheng, 2020).

2.2, Setting and samples

In this research, a total of 126 young adults recruited were students in universities from East
Java Province, Indonesia, in August-October 2020. Using purposive sampling, participants who
met the following inclusion criteria were taken, such as students aged 19-25 who lived in East Java
Province for more than six months. The exclusion criteria were having diabetes and being
pregnant. Excluding pregnant participants with diabetes helped avoid potential risks to both the
mother and fetus and ensured that the study results were not skewed by these unique
physiological factors (physiological changes and hormonal fluctuations). Research in Indonesia
in 2017 (Fujiati et al., 2017) showed that prediabetes had a 26.6% prevalence in the adult
population. When calculating the sample size, the formula for proportions from Lemeshow et al.
(1997) was used: n=desired sample size, d=estimated 10% margin of error, P=Proportion of
priority population estimated to have prediabetes, and Z=critical value of the normal distribution
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at 95%, which corresponds to 1.96. There was a mismatch between the errors for obtaining and
missing samples, so the sample size was adjusted by 10% to approximately 76 and rounded to 84.
The minimum total number of participants in this study was 84. However, 126 students were
involved in the study, which met the minimum sample limit.

2.3. Measurement and data collection

Data were collected during the pandemic by following the standard COVID-19 prevention
protocol provided by the Indonesian Ministry of Health. After obtaining the research permits
from two universities, one in the rural area and the other in the urban area of East Java, general
students as participants were verbally informed about the research procedures and then asked for
their informed consent. Researchers coordinated with research institutions in both universities
for the participant recruitment process. Participants willing to be involved in this research and
meeting the criteria selected a suitable time for the data collection. The data collection procedure
consisted of filling in the questionnaire and carrying out a physical examination, which started
with checking fasting blood sugar, anthropometric measurements, and blood pressure according
to standard protocols performed by health professionals. Participants were asked to fast for at
least 8 hours before the blood sugar examination. At the time of data collection, researchers were
assisted by research assistants who had a background in the health sector and were experienced
in conducting survey research.

The participants filled in demographic data (age, location of residence, gender, exercise
habits, and family health history) and the questionnaire about prediabetes and activity level. Next,
the parameters of physical condition were measured, namely measurement of height, weight,
fasting capillary blood glucose (FCG), waist circumference, waist-to-hip ratio, body mass index,
and blood pressure measurements. Capillary blood sampling for fasting blood glucose (FBG) was
measured using Easy Touch GCU 3 in 1 Electrode-based Biosensoch to determine the presence of
diabetes or prediabetes in study participants. Recently, mass screening to detect diabetes and
prediabetes has been carried out with the FCG Test (Zhao et al., 2013).

The criteria of the American Diabetes Association were used as the reference value for
diagnosing prediabetes (American Diabetes Association, 2018). In this study, prediabetes
conditions were defined if there was impaired fasting glucose (IFG) which decreased between
100-125 mg/dl or 5.6-6.9 mmol/l, while if the IFG level was 126 mg/dl or 7.0 mmol/l, it was
included in the diabetes category or self-reported by the participants. When participants had not
previously been diagnosed with type 1 or 2 diabetes mellitus, they were referred to check with a
doctor at a national or provincial hospital in the province/city. The microtoise instrument, with
an accuracy of 0.1 centimeters (cm), was used to measure waist circumference, waist-to-hip ratio,
and height (Irenewati et al., 2020). Scales for body weight used Onemed digital scale with units
of kilograms (kg), which then the results were converted into body mass index (BMI), and if the
BMI was 25, then it was included obesity (Division of Nutrition, Physical Activity, and Obesity,
2021). Yazumi sphygmomanometer was used to measure systolic and diastolic blood pressure.
The results of the mercury sphygmomanometer measurement were entered into the Mean
Arterial Pressure (MAP) formula, calculated as MAP= (Systolic+2Diastolic)/3 (DeMers & Wachs,
2021). The instruments used in this study underwent a calibration procedure carried out routinely
per standards (Medina, 2019).

In this study, participants were given a demographic data questionnaire, a short-form version
of the international physical activity questionnaire (IPAQ-SF), and a knowledge questionnaire
about prediabetes. There were three specific types of activity during the past seven days, including
walking, moderate activity, and vigorous activity, assessed by the IPAQ-SF questionnaire. The
instrument used in this study was the Indonesian version of IPAQ-SF. The IPAQ questionnaire
has been validated in 14 centers in 12 countries that have been internationally standardized with
a validity level of r=0.40 and a fairly large reliability of 0.70-0.87 (Craig et al., 2003; Lee et al.,
2011). Indicators of sustained physical activity (PA) are expressed in metabolic equivalents of duty
(MET) every minute/week. MET calculates energy demand by multiplying MET according to the
activity type with the implementation minutes in a day or week. To calculate the total PA in MET
minutes per week using the Ainsworth formula, the MET values for different activity levels are
multiplied by the duration and frequency of each activity. The MET values are as follows: light
activity=3.3 MET, moderate activity=4 MET, and strenuous activity=8 MET. Finally, the final PA
score is obtained by summing all results (Compean et al., 2018).
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According to IPAQ, the categories of physical activity include: 1) Low activity for not doing
moderate-high physical activity <10 minutes/day or <600 METs-minutes / week; 2) The medium
activity consists of 3 categories (a. =3 days of high physical activity >20 minutes/day; b. greater
equal to 5 days of moderate-level activity/ walking physical activity >30 minutes/day; c. greater
equal to 5 days combination of walking activities with moderate-level activity to high-intensity
activities with minimum total METs of >600 METs-minutes by week); 3) The high activity
consists of 2 categories (a. high-intensity activity >3 days with a total METs of at least 1500 METs-
minutes by week, b. greater equal to 7 days of combined walking with moderate to high-intensity
activity for a total METs of >3000 METs-minutes by week) (Compean et al., 2018).

The knowledge questionnaire about prediabetes assessed participants’ understanding of risk
factors for prediabetes, which consisted of 11 true or false dichotomous statements. This
questionnaire was developed by Poltavskiy et al. (2016) by referring to the American Diabetes
Association (ADA) scoring for prediabetes. This questionnaire was first translated into the
Indonesian language by an official translation body and then tested for validity and reliability by
the researcher. The test results for the level of validity and reliability were quite large, namely
r=0.60 and 0.70-0.75, respectively. According to the results of the score calculation from the
answer, prediabetes knowledge was categorized as follows: 1) high if the score T>mean, 2) low if
the score T<mean (Azwar, 2010).

2.4. Data analysis

Descriptive statistics was utilized to describe or provide an overview of the object under study
through sample or population data. SPSS version 21.0 for Windows was used in statistical
analysis. Participants’ characteristics associated with prediabetes were compared between groups
using the Chi-square test, independent sample test, or the Mann-Whitney test using 95%
confidence intervals. The identification of predictors for prediabetes was done using the
recommended procedure through multivariable logistic regression analysis (Hosmer &
Lemeshow, 2013).

2.5. Ethical considerations

Ethical approval from the Ethics Commission of the Faculty of Nursing, Universitas
Airlangga, with ethics number 2060/KEPK, had been obtained prior to data collection. The study
was conducted following the approved protocol. Informed consent was obtained from all
participants before participating in this study. Research data were stored for a minimum of 5-10
years to ensure compliance with ethical and regulatory standards. Data storage was carried out
on institutional servers with regular backups or in academic data repositories that were
guaranteed to be secure. Access to the data was restricted and protected by an adequate security
system.

3. Results
3.1. Participants’ characteristics and clinical parameters

In this study, 126 participants who were in the early adulthood group with a range of 19-25
years old and an average of 21.8 years old carried out fasting blood sugar checks with a mean
fasting blood glucose of 99.35 (SD=17.94) mg/dL, and there were 54.8% participants indicated to
have prediabetes (Table 1). In addition, some participants had a family history of suffering from
diabetes mellitus (DM) (38.1%) and hypertension (56.3%). Moreover, the average body weights
and heights were 60.21 kg and 160.15 cm, respectively, and 37.3% of participants were obese. The
average Mean Arterial Pressure (MAP) was 166.70, and the average MET was 343.83. The average
respondent had low knowledge of prediabetes (55.6%).

3.2. Comparisons between participants’ characteristics and prediabetes categories

Table 2 compares the sociodemographic and clinical characteristics between prediabetic and
normoglycemic participants. Age (p=0.035), regular exercise (p=0.015), level of activity
(p=0.026), location of residence (p=0.005), and level of understanding of prediabetes (p=0.041)
were variables that differed significantly between the two groups. The average age of the
prediabetes participants (21.64 years) was one year younger on average than normoglycemic
participants (22.16 years). Meanwhile, from the results of the physical examination of
participants, it was found that body weight (p=<0.001), waist circumference (p=0.002), body
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mass index (p=<0.001), and the ratio of waist and hip circumference (p=<0.001)mwere
significantly different between those with prediabetes and normal group. There were 40 (85.1%)
participants with prediabetic obesity based on BMI, and it was a significantly larger proportion in
the prediabetes group (p=<0.001).

Table 1. Sociodemographic characteristics and clinical parameters (n=126)

Characteristics/ Parameters f(%) Mean(SD) Min-Max

Age 21.87(1.345) 19-25
Gender

Male 29 (23)

Female 97 (77)
Exercise

Regular 58 (46)

Irregular 68 (54)
Location of residence

Urban area (city) 57 (45.2)

Rural area (village) 69 (54.8)
Family history of diabetes mellitus

Yes 48 (38.1)

No 78 (61.9)
Family history of hypertension

Yes 71 (56.3)

No 55 (43.7)
Family history of high cholesterol

Yes 48 (38.1)

No 78 (61.9)
Height (cm) 160.15(7.13) 150-182
Weight (kg) 60.21(13.53) 38-95
Body mass index (kg/m2) 23.47(4.94) 15-34
Waist circumference (cm) 75.99(17.29) 27-135
Waist to hip ratio (cm) 0.8341(0. 23) 0.5-2
Obesity

BMI<25 (normal) 79 (62.7)

BMI >25 47 (37.3)
Systolic blood pressure (mmHg) 110.29(13.41) 80-180
Diastolic blood pressure (mmHg) 84.65(17.09) 60-140
Mean arterial pressure (MAP) 166.70(20.13) 127- 233
Fasting capillary blood glucose (FCG) 99.35(17.94) 50-125

Prediabetes categories
Prediabetes (IFG 100-125 mg/dL) 69 (54.8)

Normal glycemia 57 (45.2)
Activity level

Low 54 (42.9)

Moderate 30 (23.8)

High 42(33.3)
MET 343.83(286.44)  61-1499
Knowledge of prediabetes

High 56 (44.4)

Low 70 (55.6)

Notes. IFG=impaired fasting glucose

3.3. Predictors of prediabetes among young adults

A multivariate binary logistic analysis (Table 3) determined that age (p=0.000), waist-to-hip
ratio (p=0.000), and location of residence (p=0.000) were the significant variables associated
with prediabetes. This study revealed that increasing age was correlated with a 2.1 times higher
risk of having prediabetes. Living in rural areas reduced the risk of prediabetes by 0.11 times
(p<0.001), and increasing waist to hip ratio increased the hazard of having prediabetes by 0.003
times (p<0.001).
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Table 2. Comparison of sociodemographic characteristics and clinical variables between
prediabetic and normoglycemic participants (n=126)

Characteristics Prediabetes Normal glycemia p
Mean(SD) (%) Mean(SD) (%)
Age 21.64(1.27) 22.16(1.39) 0.035%*
Height (cm) 160.06(7.39) 160.26(6.88) 0.660%*
Weight (kg) 64.62(14.47) 54.86(10.06) <0.001*
Body mass index (kg/m2) 25.19(5.15) 21.39(3.78) <0.001**
Waist circumference (cm) 80.16(15.55) 70.95(18.06) 0.002%*
Waist to hip ratio (cm) 0.9138(0.25) 0.7377(0.16) <0.001**
Systolic BP(mmHg) 111.70(10.44) 108.58(16.23) 0.071 **
Diastolic BP(mmHg) 85.33(18.23) 83.82(15.73) 0.976**
MAP 168.55(18.58) 164.46(21.81) 0.107**
MET 308.86(242.39) 386.16(329.36) 0.102%*
Gender
Male 17 (58.6) 12 (41.4) 0.634
Female 52 (53.6) 45 (46.4)
Exercise
Regular 25 (43.1) 33 (56.9) 0.015
Irregular 44 (64.7) 24 (35.3)
Location of residence
Urban area (city) 39 (68.4) 18 (31.6) 0.005
Rural area (village) 30 (43.5) 39 (56.5)
Family history of diabetes
mellitus
Yes 26 (54.2) 22 (45.8) 0.916
No 43 (55.1) 35 (44.9)
Family history of
hypertension
Yes 40 (56.3) 31(43.7) 0.686
No 29 (52.7) 26 (47.3)
Family history of high
cholesterol
Yes 30 (62.5) 18 (37.5) 0.171
No 39 (50.0) 39 (50.0)
Obesity
BMI<25 (normal) 29 (36.7) 50 (63.3) <0.001
BMIz25 40 (85.1) 7 (14.9)
Activity level
Low 37 (68.5) 17 (31.5) 0.026
Moderate 14 (46.7) 16 (53.3) )
High 18 (42.9) 24 (57.1)
Prediabetes knowledge
High 44 (62.9) 26 (37.1) 0.041
Low 27(45.8) 32 (54.12)
Notes. Chi-square test, *Independent sample t-test, **Mann-Whitney test, BP=blood pressure, MAP=mean arterial
pressure

4. Discussion

This study aims to determine the prevalence of prediabetes among young adults in East Java,
Indonesia, and the significant predictor for the occurrence of prediabetes in young adults (19-25
years). This study found that the high prevalence of prediabetes accounted for 54.8% in young
adults was associated with age, regular exercise, activity level, body weight, waist circumference,
BMI and obesity. A limited previous study explicitly reviews the prevalence in young adults in
Indonesia. In the East Java Province of Indonesia, previous research on 9o participants (40-65
years old) showed that the number of incidents of prediabetes in mountainous areas was 83.3%,
in coastal areas was 43.4%, and in urban areas was 73.4% (Noventi et al., 2019). The average age
was 38 years old, and the prevalence of prediabetes was 17.14% in a study conducted in the
province of Central Java, Indonesia (Kusumaningrum et al., 2020). The prevalence of young
adults with prediabetes in both developed and developing countries is significantly high but often
remains undiagnosed, as indicated by epidemiological findings (Andes et al., 2020; Eikenberg &
Davy, 2013; Urena-Bogarin et al., 2015). This study’s findings were in line with the findings in
other developing countries that the prevalence of prediabetes was high among young adults. This
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could be affected by some of the factors that were known to be the predictors of the occurrence of
prediabetes, such as age, waist and hip circumference ratio, activity level, body weight, and BMI.

Table 3. Multivariate binary logistic analysis results on the incidence of prediabetes (n=126)

Variables Coefficient (B) p OR/HR(95%CI)
Step1  Sex 0.749 0.332 0.47 (0.104-2.149)
Age 0.743 0.000 2.1 (1.384-3.136)
Location of residence -2.120 0.000 0.11 (0.034-0.356)
Exercise -0.420 0.405 0.66 (0.244-1.766)
Waist size -0.003 0.840  0.997(0.964-1.030)
Waist-to-hip ratio -5.854 0.000 0.003 (0.000-0.074)
Family History of DM -0.218 0.698 1.24 (0.414-3.731)
Family History of Hypertension -0.208 0.707 1.23 (0.416-3.642)
Family History of Hypercholesterolemia -0.303 0.575 0.74 (0.256-2.133)
Weight (kg) -0.187 0.443 0.83 (0.515-1.336)
Height (cm) 0.175 0.340 1.19 (0.832-1.704)
Body mass index (kg/m2) 0.367 0.547 1.44 (0.437-4.763)
Systolic blood pressure -0.016 0.986 0.99 (0.164-5.888)
Diastolic blood pressure -0.011 0.985 0.99 (0.300-3.256)
Mean arterial pressure -0.021 0.982 1.02 (0.170-6.142)
Knowledge -0.005 0.769 1.01 (0.974-1.036)
Constant -36.679 0.216 0.000

Notes. OR=0dds ratio, HR=Hazard ratio

In this study, more than 50% of young adults were prediabetes. The finding was consistent
with previous studies in the United States and the United Kingdom, which found that prediabetes
was more than 30% of the population. However, it differed from the findings of other studies in
Mexico (Okosun & Lyn, 2015), where the prevalence of prediabetes was 20%, and several other
international studies (Rodriguez-Segade et al., 2019). A possible explanation for this was that
most of the participants with prediabetes in this study lived in urban areas. It has been a
longstanding practice to investigate the prevalence of non-communicable diseases in urban and
rural areas through multiple research studies (Chiwanga et al., 2016; Quang Binh et al., 2012).
However, data on national representation still needs to be improved for several developing
countries with diverse characteristics in Asia, including Indonesia (Dany et al., 2020). The critical
finding in this study was that age was the main factor influencing the emergence of prediabetes,
where increasing age was 2.1 times more likely to be at risk of developing prediabetes. A previous
study found that the overall cases of prediabetes in adolescents aged 12-18 years were 20%, and
the prevalence increased in young adults aged 19-34 years to 25% (Andes et al., 2020). The fact
that the high prevalence of prediabetes is directly proportional to age has been reported
repeatedly in other studies (Andes et al., 2020; Budiastutik et al., 2022; Kalra et al., 2024; Urefia-
Bogarin et al., 2015). Age is not a modifiable risk factor in this case. The causal relationship
between age and prediabetes was not investigated in this study, but it may be related to the body’s
inability to adapt to maintaining blood glucose levels. Further studies are important to monitor
the prevalence of the body’s inability to adapt to maintain blood glucose levels in the broader area.
This finding will support prevention efforts and focus on targeting groups at higher risk of
developing diabetes.

Another finding of this study was that the prediabetes participants were one year younger on
average than normoglycemic participants. This finding contrasted with the research in Mexico,
which produced opposite results with a two-year difference (Urefia-Bogarin et al., 2015).
However, it is a short period to express a rapid decrease in glucose tolerance on progression to
prediabetes or diabetes. Insulin resistance impairs glucose metabolic activities, and it occurs
quickly in a short time (Fajriyah et al., 2020). The relevance of causality in our findings is difficult
to explain due to the weaknesses in our correlational design. However, age is directly proportional
to a higher risk of prediabetes in multivariate trials. This finding significantly supports previous
studies (American Diabetes Association, 2018; Andes et al., 2020; Kalra et al., 2024; Mainous et
al., 2014; Shiyanbola et al., 2018; Zhao et al., 2013).
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The number of cases of overweight and obesity was measured by looking at the BMI value
and the occurrence of obesity in the abdomen because the waist circumference value was above
normal in prediabetic young adults. The result was in line with a study conducted in Mexico in
2012 by the National Health and Nutrition Survey, which showed that 70% of adults over 20 years
were obese when measuring BMI or waist circumference (Urefia-Bogarin et al., 2015). Obesity is
a well-known risk factor for developing high blood pressure (hypertension) and can lead to
increased MAP (El Meouchy et al., 2022). The findings of this study confirmed this, showing that
the MAP average was quite high for young adults. Obesity can be associated with a secondary
impact on metabolic and cardiovascular conditions for central deposition of adipose tissue, and
this is more often found in people with insulin resistance and those who are prone to prediabetes
or diabetes (Jiang et al., 2020). The existence of primary prevention interventions in adult
patients has a significant impact on changing healthier behavior in individuals who are at high
risk of developing diabetes or prediabetes (An et al., 2015). The existence of intervention efforts
that focus on individuals can improve diabetes management for the better (Pratiwi et al., 2018).
This study emphasized that it was essential to implement health behavior changes in young adults
with prediabetes and diabetes to improve their physical health, including their BMI and body
circumference. Regular monitoring is also necessary for young adults with prediabetes to assess
their current health behaviors.

In this study, prediabetes participants tend to have low activity levels. This finding was
consistent with a study that found two out of three participants (64.2%) had low and moderate
activity levels (Compean et al., 2018). Diabetes and prediabetes groups were predominant
compared to those without diabetes at low levels of physical activity (Hidayati et al., 2021; Rahim
et al., 2020). Physical activity levels have various health benefits, such as regulating blood sugar
and preventing diabetes (Centers for Disease Control and Prevention, 2019; Faizah et al., 2020;
Pratiwi et al., 2024). Physical activity was effective in individuals with prediabetes in reducing the
predictor of changing diabetes (Diaz-Redondo et al., 2015; Indarwati et al., 2019; Sinawang et al.,
2020; Thojampa et al., 2020). We highlight the concern that knowledge may not always be
translated into practice, but individuals with prediabetes should gradually strive to increase their
physical activity.

It was also reported in this study that low knowledge about prediabetes was associated with
the prevalence of prediabetes. Previous research has shown that the management and care of DM
were associated with adequate knowledge, and there was a correlation between knowledge of DM
and hemoglobin Aic levels (Al-Maskari et al., 2013; Gillani et al., 2018). In addition, poor
knowledge of prediabetes was related to a high incidence of prediabetes in both developed and
developing countries (AlSaleh et al., 2021; Hyder et al., 2021; Pakpour et al., 2024). Many factors
affect knowledge, such as education level, sources and access to information, and environmental
changes (Indarwati et al., 2019; Pratiwi et al., 2019). Improving knowledge about prediabetes
conditions will further help prevent its development into diabetes.

This study also found that living in rural areas reduced the risk of prediabetes. In urban areas,
a fast-paced lifestyle, high-stress levels, and unhealthy eating habits (e.g., consuming fast food
and sweet drinks) increase the risk of prediabetes (Budiastutik et al., 2022; Dany et al., 2020;
Kyrou et al., 2020). In addition, in big cities, low physical activity patterns due to the lack of open
spaces and increased use of private vehicles also contribute to a sedentary lifestyle, which risks
triggering insulin resistance (Zhu et al., 2023). Although rural lifestyles may be more active, a lack
of knowledge about healthy eating patterns and regular health checks may increase the risk of
prediabetes in adults (Dany et al., 2020; Kyrou et al., 2020). Further studies on the relationship
between residential location and prediabetes risk are important to identify more targeted
interventions.

5. Implications and limitations

In line with the key findings of our study, it is important to implement strategies to identify
young adults with these risk factors for prediabetes, with the aim of slowing disease progression
to diabetes through adequate preventive interventions. Many risk factors are modifiable and have
the potential to be changed. Several factors known to be predictors of prediabetes in this study
include age, location of residence, and waist-to-hip circumference ratio. By integrating
prediabetes screening into routine assessments and providing tailored preventive interventions,
nurses can help mitigate its progression to diabetes through lifestyle modification, education on
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healthy habits, and regular follow-up. This proactive approach not only supports the health and
well-being of young adults but also reduces the long-term burden on the healthcare system by
preventing the onset of diabetes and its associated complications.

The limitations of this study was that the number of sample size was relatively small
concerning the situation of COVID-19 restrictive protocol when the study was conducted.
Additionally, the study’s cross-sectional nature did not account for temporal changes in risk
factors or the progression of prediabetes over time. Furthermore, potential biases such as recall
bias or unmeasured confounding factors could influence the results, limiting the generalizability
of the findings to other populations or regions outside East Java, Indonesia.

6. Conclusion

Most of the young adult participants in our study had prediabetes. Many risk factors were
modifiable and had the potential to change. Some of the factors that were known to be predictors
of the occurrence of prediabetics in this study included age, location of residence, and waist and
hip circumference ratio. An increase in a good understanding of prediabetes risk factors in young
adults is essential. Therefore, it is necessary to implement strategies in community settings to
identify young adults who are at high risk for prediabetes so that strategic efforts in implementing
preventive interventions against diabetes can be developed timely. A cohort study will also likely
be conducted with a broader population size for adequate early detection of prediabetes. This
study has yet to investigate the model in depth so that some findings can be followed up through
a more comprehensive population sample.
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