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ABSTRACT

Prediabetes significantly raises the risk of progressing to type
2 diabetes mellitus (T2DM). In rural areas, changes in lifestyle
and diet influence the prevalence of prediabetes. This study
evaluated the association of nutritional status, physical activity,
and macronutrient intake with glycemic profile in prediabetic
women in rural areas. The cross-sectional study included 26
women aged 40-64 years with prediabetes. Location in
Pesawaran Regency, Lampung Province, Indonesia in 2023.
Data were collected on demographics, food consumption, phys-
ical activity, anthropometric and clinical biomarkers. Statistical
analysis used Pearson and Spearman tests. Physical activity
showed a positive significant correlation with BMI (r = 0.41,
p = 0.037), and BMI was significantly associated with HOMA-IR
(r = 0.465, p = 0.021) and QUICKI (r = -0.429, p = 0.036).
However, energy, carbohydrate, protein, fat, and fiber intake
were not significantly correlated with glycemic indicators or
plasma insulin. There is a significant relationship between phys-
ical activity level and body mass index (BMI), with decreased
physical activity associated with increased BMI values and af-
fected insulin resistance and sensitivity. Macronutrient intake
was not significantly correlated with glycemic profile. Public
health interventions need to focus on increasing physical activ-
ity to prevent T2DM.
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ABBREVIATIONS

BMI: Body Mass Index.

FPG: Fasting Plasma Glucose.

IFG: Impaired Fasting Glucose.
IGT: Impaired Glucose Tolerance.
OGTT: Oral Glucose Tolerance Test.
OGT: Oral Glucose Test.

IPAQ-SF: International Physical Activity Questionnaire-
Short Form.

MET: Metabolic Equivalent.
T2DM: Type 2 Diabetes Mellitus.

INTRODUCTION

Prediabetes is a high-risk condition for developing T2DM!
that occurs in the early stages of T2DM symptoms and The
three countries with the highest rates of prediabetes globally
are China (48.6 million), the United States (36.8 million), and
Indonesia (27.7 million). According to the 2018 Riskesdas
data, prediabetes prevalence in Indonesia is notably high,
with 26.3% of the population showing impaired fasting blood
glucose (IFG) and 30.8% experiencing impaired glucose tol-
erance (IGT). Prediabetes increases the risk of developing
type 2 diabetes by 2 to 10 times?. The rising incidence of pre-
diabetes on a global scale is a substantial issue of public
health importance. This is a negative sign for the increasing
diabetes epidemic and the problems it causes®. The essential
aspect of this disease, insulin resistance, can be aggravated
by the Indonesian diet?.
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Managing and preventing prediabetes is significantly influ-
enced by lifestyle factors such as food, physical activity, and
nutritional status. A good diet will reduce insulin workload by
optimizing the work of insulin to convert glucose into glyco-
gen. Lifestyle changes like regular physical activity, weight
loss, and healthy eating can prevent prediabetes from pro-
gressing to type 2 diabetes mellitus (T2DM). Without inter-
vention, 15% to 30% of people with prediabetes may develop
T2DM within five years®.

in the rural areas of Indonesia, the health challenges are
more complex due to limited access to health services, lack of
knowledge about healthy diets, and inactive lifestyles. Rapid
urbanization and improved living conditions in rural areas
have decreased physical activity through the use of mecha-
nized farming tools, contributing to a higher risk of obesity
and related conditions like prediabetes and type 2 diabetes
mellitus (T2DM)®.

Several studies have demonstrated the association between
nutritional status and macronutrient intake with T2DM, but
studies exploring this association in prediabetes are limited.
This study aims to assess the relationship between nutritional
status, physical activity, and macronutrient intake with the
glycemic profile of prediabetic women in rural Indonesia. The
findings are expected to offer valuable insights into the fac-
tors influencing prediabetes and support the creation of more
effective interventions to prevent the progression to T2DM
among women in these rural areas.

RESEARCH METHOD

The study utilized a cross-sectional research design, target-
ing women aged 40 to 64 years residing in the Bunut Health
Center area, Pesawaran Regency, Lampung Province,
Indonesia in 2023. The inclusion criteria specified that partici-
pants must be women within the 40 to 64 age range’.
Participants were diagnosed with prediabetes based on the fol-
lowing criteriaZ82: HbA1lc levels between 5.7% and 6.4%, fast-
ing plasma glucose (FPG) of 100-125 mg/dL, oral glucose tol-
erance test (OGTT) results of 140-199 mg/dL, and a body mass
index (BMI) ranging from 20 to 40 kg/m2 and stable food con-
sumption without an increase or decrease in body weight of
more than 5 kg in the last ten weeks. Exclusion criteria were:
subjects undergoing insulin therapy, women who were breast-
feeding, pregnant, history of impaired liver or kidney function
and heart failure, alcohol consumption (>20 g/day), participa-
tion in other clinical trials in the previous three months, and un-
qualified as judged by the researchers.

The research protocol received approval from the Ethics
Committee of Tanjung Karang Health Polytechnic, Ministry of
Health (No. 432/KEPK-TJK/VIII/2023). Written informed con-
sent was obtained from all participants. Data collection oc-
curred over two visits. During the first visit, data on the par-
ticipants’ characteristics were gathered, including name, age,
menstrual status, blood pressure, and socioeconomic infor-
mation and to be continued collecting data on physical activ-
ity, as well as energy, protein, fat, carbohydrate, and dietary
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Figure 1. Flow chart of the study population
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fiber intake. This information was obtained through interviews
using the International Physical Activity Questionnaire Short-
Form (IPAQ-SF)! and a 24-hour dietary recall form.

The second stage of clinical data collection included an-
thropometric measurements such as body weight, height, and
Body Mass Index (BMI), along with blood biochemical param-
eters, including fasting blood glucose and oral glucose toler-
ance (OGT) tests, HbAlc and plasma insulin. Venous blood
samples of 8 mL were taken after 10-12 hours of fasting. Data
collection using a 24-hour recall form was done twice, on
weekdays and holidays. Physical activity data were obtained
from the International Physical Activity Questionnaire Short-
Form (IPAQ-SF) questionnaire results. This questionnaire in-
cludes physical activity performed by the subject during the
last seven days, then processed using the IPAQ scoring guide
with the help of IPAQ automatic report with the unit of meta-
bolic equivalents of task (MET). Physical activity levels were
categorized as follows: Low, indicating some activity but in-
sufficient to meet the criteria for moderate or vigorous levels;
Moderate, defined as 5 or more days of combined walking,
moderate, or vigorous activity totaling at least 600 MET min-
utes per week; and Vigorous, defined as 7 or more days of
combined walking, moderate, or vigorous activity reaching at
least 3,000 MET minutes per week??,

Nutritional status was measured anthropometrically at the
clinical assessment stage. Body weight was weighed using a
onemed digital bathroom scale Ministry of Health RI AKL
10901129864 (Zhongshan Camry Electronic Co. Ltd., China).
Height measurement used a microtoise measuring instru-
ment. Measurements were taken by one person who had
been trained in anthropometric measurements. Furthermore,
the respondent’s BMI score was determined, which was cal-
culated based on weight in kilograms compared to TB in
square meters. Blood collection was assisted by competent
medical personnel. Respondents were comfortable and with-
out coercion, so blood pressure was measured first before
taking blood. The room and equipment used were clean, ster-
ile, and relaxed. At each stage, venous blood was taken.
Blood was taken as much as 8 mL using a syringe, onemed
disposable syringe 10 mL; needle 23 g and accommodated in
a vacutainer with ethylenediaminetetraacetic acid (EDTA), va-
cutainer gel & clot activator. Blood plasma was then separated
in the laboratory to analyze FPG, HbA1lc and insulin.

The obtained blood samples were then put into a ster-
ile falcon tube and centrifuged at 2500 rpm for 10 minutes at
25°C. Three layers (plasma, buffy coat and erythrocytes)
were obtained for plasma samples. The top layer was then
separated to obtain plasma. The obtained plasma samples
were put into several microtubes and stored at -20°C until
testing was performed—assessment of blood glucose levels
during OGTT using glucose oxidase sensor method and glu-
cometer. Blood was taken from the finger by cleaning the fin-
ger with alcohol, then massaged or sequenced slowly, then
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the tip of the finger was pierced with a needle (lancet).Fasting
blood glucose was measured using the GOD-PAP method with
the Kenza 240 TX Automatic Biochemistry Analyzer manufac-
tured by BIOLABO Made in France and the Glucose Kit
(GLU/GOD-PAP) reagent manufactured by Shenzen Icubio
Biomedical Technology Co., Ltd. HbAlc measurement using
fluorescence immunoassay method and Ichroma HbAlc Neo
reagent produced by Boditech Med Incorporated Republic of
Korea. Serum insulin was analyzed using Human Insulin
Lipoprotein Antibody, INS BT-LAB Kit, respectively, according
to the protocol described in the insert-kit (Bioassay
Technology Laboratory; Shanghai Korain Biotech)!!.

The data obtained were then analyzed univariately to see
the distribution of respondent characteristics and their fre-
quency, mean, and standard deviation. Numerical data were
analyzed using the Shapiro-Wilk test to determine whether
the data were normally distributed (P>0.05). As a determi-
nant of the following test in bivariate analysis, if the data
were normally distributed, then the test performed in the bi-
variate analysis was Pearson (relationship of BMI, FPG and
HbA1lc with physical activity, energy, protein, carbohydrate);
otherwise, if the data were not normally distributed, the
Spearman test was applied for analysis (relationship of BMI,
FPG and HbA1lc with dietary fat and fiber; nutritional status
and macronutrient intake with glycemic profile of predia-
betic women).

RESULT

The average age of the respondents is approximately
49.73 years, indicating that most respondents are within an
age range that is not too different from the average. The ages
of individuals ranged from 37 to 64 years old. The average ed-
ucation level of individuals in the sample was 8, which may in-
dicate that most individuals had completed education up to the
secondary or early college level. In this survey, there were
26 respondents divided into two socio-economic groups.
Income categories were grouped based on Lampung Governor
Decree No. G/694/V.08/HK/ 2023, with the Lampung Provincial
Minimum Wage in 2024 of Rp. 2,716,497.

The low socio-economic group consisted of 21 people, and
the high socio-economic group consisted of 5 people. Income
ranges from Rp 1,000,000 to Rp 7,000,000 with an average
income of Rp 2,394,230.76. The mean blood pressure was
138.85/87.27 mmHg, which suggests that the mean blood
pressure was within the hypertensive range.A total of 50% of
individuals were menopausal, while 50% were still menstru-
ating, indicating a balance in menstrual status among partic-
ipants. Most individuals were obese (84%), with 46% being
in the Obesity II category. Only 12% had normal nutritional
status, and 4% were overweight. Most individuals (76.9%)
had fasting blood sugar levels over 100 mg/dL, and 69.23%
had HbA1c levels above 5.7%, reflecting a high prevalence of
diabetes risk and inadequate glycemic control.
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Table 1. Characteristics of respondents

Variable N Min Max Mean Std. Dev
Age (year) 26 37 64 49.73 8.69
Education 26 - - - -
< Senior high school 21 - - - -
>Senior high school 5 - - - -
Socio economic (Rp) 26 1.000.000 7.000.000 2.394.230.76 1.330.738.66
Low 21 - - - -
High 5 - - - -
Blood pressure (mmHg) 26
Sistolik 110 180 138.85 10.72
Diastolik 70 110 87.27 8.89
Menstruation Status Nutritional Status
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Figure 2. Characteristics Menstrual status, respondents' nutritional status, and glycemic profile
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Table 2. Characteristics of the subject's medical history

Variable n %

History of hypertension

Yes 19 73.00

No 5 19.00
History of other diseases (CHD, stroke)

Yes 8 30.76

No 16 61.53
Family member with DM

Yes 17 65.38

No 7 26.92

A family member has a history of non-communicable diseases

Gout 5 19.23

Kidney 1 3.80

Heart 3 11.53

Liver 1 3.80
History of hospitalization in health facilities

Yes 1 3.80

No 23 88.46

Description: Mann-Whitney t-test.

Most participants (73%) had a history of hypertension,
while 30.76% had a history of coronary heart disease or
stroke. The majority of participants (65.38%) had family
members affected by diabetes mellitus, with 19.23% having
gout, 11.53% heart disease, and 3.8% each for kidney and
liver disease. Only 3.8% of participants had a history of hos-

pitalization in a health facility, suggesting that hospitalization
was relatively rare in this group.

Based on the level of nutritional adequacy, there were en-
ergy and nutritional deficiencies. A significant positive correla-
tion was observed between physical activity and BMI (r = 0.41,
p = 0.037), indicating that increased physical activity was
linked to a higher BMI. However, the negative correlations be-
tween physical activity and FPG (r = -0.073, p = 0.723) and
HbAlc (r = -1.112, p = 0.593) were not significant. Similarly,
energy intake showed no significant correlations with BMI
(r =0.042, p = 0.838), FPG (r = 0.276, p = 0.173), or HbAlc
(r =-0.018, p = 0.92). Carbohydrate intake had a positive cor-
relation with BMI (r = 0.341, p = 0.088) and a negative corre-
lation with FPG (r = -0.097, p = 0.63) and HbAlc (r = -0.02,
p = 0.92), but not significant.

Protein intake had a negative near-significant correlation
with BMI (r = -0.367, p = 0.065), indicating that an increase
in protein intake tends to correlate with a decrease in BMI,
but was not significant for FPG (r = 0.65, p = 0.75) and
HbAlc (r = -0.11, p = 0.58). Fat intake was negatively corre-
lated with BMI (r = -0.076, p = 0.711) and positively near sig-
nificant with FPG (r = 0.347, p = 0.08) but not significant with
HbAlc (r = 0.037, p = 0.86). The correlation between fiber
intake and BMI (r = 0.007, p = 0.971) was very weak and in-
significant, as well as with FPG (r = -0.14, p = 0.49) and
HbAlc (r = -0.26, p = 0.20).

DISCUSSION

Individuals who have prediabetes are at a significantly ele-
vated risk of acquiring diabetes, as well as a heightened risk
of experiencing cardiovascular disease and kidney illness3.
Chronic inflammation in the body can cause kidney and liver
problems and increase the risk of heart disease. Most of the
subjects had family members affected by diabetes mellitus,
66.67 and 75% in controls, respectively. Genetic factors play
an important role in the development of prediabetes and dia-
betes mellitus. The majority of subjects had family members
with diabetes mellitus, indicating genetic factors as one of the
significant risk factors in the development of prediabetes and

Table 3. Frequency Distribution of Macronutrient Consumption (Carbohydrate, Protein, Fat, Fiber) of Respondents

Variable Min Max Mean St. Dev
Energy (cal) 970.55 1410.75 1158.99 124.11
Protein (g) 23.90 69.80 39.79 9.90
Fat (g) 25.05 67.70 40.61 12.78
Carbohydrate (g) 115.80 197.05 159.49 20.29
Dietary fiber (g) 3.60 12.75 6.66 1.96
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Figure 3. Relationship between physical activity and macronutrient intake with BMI and glycemic profile of prediabetic women
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Table 4. Relationship between Nutritional Status and Macronutrient Intake with Glycemic Profile of Prediabetic Women

Plasma Insulin HOMA-IR HOMA-B QUICKI
Variable

r p-value r p-value r p-value r p-value
BMI 0.134 0.53 0.465 0.021* 0.131 0.54 -0.429 0.036*
Energy -0.055 0.796 0.167 0.433 -0.25 0.236 -0.164 0.442
Carbohidrate intake 0.031 0.884 0.088 0.68 0.013 0.951 -0.044 0.836
Protein intake 0.006 0.977 0.018 0.932 -0.118 0.582 -0.006 0.974
Lemak intake -0.096 0.653 0.063 0.768 -0.306 0.145 -0.107 0.617
Fiber intake 0.064 0.763 0.019 0.929 0.010 0.961 0.009 0.964

Data presented as mean; * = Significant P < 0.05; Spearman.

diabetes mellitus. The development of diabetes mellitus is
heavily influenced by non-modifiable risk factors like ethnicity
and family history, which have a strong genetic basis!2.

The study subjects had family members with a history of
non-communicable diseases such as gout, kidney problems,
heart disease, and liver disorders. These diseases are often
associated with prediabetes and T2DM. Genetic factors that
may be family-related and similar dietary and lifestyle habits
may influence the likelihood of prediabetes. Based on hospi-
talization history, only one subject had a history of hospital-
ization in a health facility such as a hospital. Prediabetes is a
pre-disease condition that generally does not cause severe
symptoms or require intensive care as may be required in se-
vere cases of type 1 diabetes or type 2 diabetes. The charac-
teristic results of this study are consistent with findings from
the 2018 Indonesian Basic Health Research, which observed
the prevalence of prediabetes in women with low education
levels and low socio-economic status.

A significant positive correlation exists between physical ac-
tivity and body mass index (BMI), where physical activity, es-
pecially strength training, contributes to increased muscle
mass and BMI. Research by!3 showed that physical activity
can affect BMI through increasing muscle mass, while!# found
that regular physical activity was associated with significant
changes in body composition and BMI. In contrast, the study
by!> reported that although physical activity can influence
body weight, its effect on BMI may vary depending on the
type and intensity of physical activity. In additioni®, empha-
sized the importance of considering other factors, such as diet
and metabolism, that may affect the relationship between
physical activity and BMI.

BMI significantly correlates with HOMA-IR and QUICKI,
which suggests that BMI is associated with insulin resistance
and sensitivity. BMI indicates body composition that affects
insulin sensitivity and insulin resistance. Being overweight
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and obese, reflected in a high BMI, is often associated with
increased insulin resistance. Excess body fat, especially vis-
ceral fat (around the internal organs), can cause inflammation
and impaired insulin function, which increases HOMA-IR val-
ues. A higher BMI often indicates an accumulation of body
fat, which can increase insulin resistance. Thus, BMI and
HOMA-IR usually show a significant positive correlation”. A
study on newly diagnosed type 2 diabetes patients showed
that BMI was significantly correlated (p<0.05) with HOMA-IR
and QUICKI!S,

Increased BMI may reduce insulin sensitivity, as excess
body fat can interfere with insulin function through various bi-
ological mechanisms linked to adipose tissue expansion and
dysfunction. As BMI increases, insulin sensitivity typically de-
creases, reflected in lower QUICKI values. The significant cor-
relation between BMI and QUICKI suggests that a higher BMI
is usually associated with reduced insulin sensitivity, leading
to a decrease in QUICKI values'®. Potential mechanisms link-
ing increased BMI to decreased insulin sensitivity include:
Impaired adipogenesis and increased visceral fat deposition
lead to the secretion of inflammatory cytokines, which disrupt
insulin signaling. High concentrations of fatty acids inhibit in-
sulin signaling pathways in cells. Excess lipid accumulation
generates reactive oxygen species, activating pathways that
inhibit insulin signaling?8.

There was no significant correlation between energy, carbo-
hydrate, protein, fat, and fiber intakes with glycemic indicators
or plasma insulin levels. Different metabolic responses between
individuals may influence the relationship between nutrient in-
take and glycemic indicators'’. Nutrients act complexly, and in-
teractions between different nutrients can influence effects on
glycemic indicators and plasma insulin?’. The timing of data
collection and long-term dietary patterns can affect the rela-
tionship between food intake and metabolic indicators?!. The
quality and type of food consumed, such as carbohydrate and
fat sources, may influence the results'’. The relationship be-
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tween macronutrient intake and profile glycemic is complex
and may be influenced by factors such as macronutrient type
and quality, individual characteristics, and the study design.

Strengths of this study include the use of a cross-sectional
research design that allows analysis of correlations between
variables at a single point in time, a relevant population of
women aged 40-64 years in a rural area, comprehensive data
collection including demographic characteristics, food con-
sumption patterns, and clinical and biochemical parameters,
use of valid measurement tools such as the International
Physical Activity Questionnaire Short-Form (IPAQ-SF), and ap-
propriate statistical analysis using Pearson and Spearman
tests. However, study weaknesses include the cross-sectional
design that only provides a picture of correlations at a single
point in time and cannot demonstrate cause-and-effect rela-
tionships, variability in individual responses to nutrient intake
and physical activity that may not be fully represented, self-
reported measurements that are prone to bias, as well as ge-
ographical limitations that limit the generalizability of the re-
sults. The implications of this study are the importance of
public health intervention programs focused on increasing
physical activity and healthy eating to prevent the progression
of prediabetes to type 2 diabetes, increased public and poli-
cymaker awareness of early prevention and management of
prediabetes in rural areas, assistance in designing more ef-
fective health policies, the need for follow-up studies with
larger samples and longitudinal designs, and the use of mod-
ern technology for more accurate measurement of physical
activity and nutrient intake in the future.

CONCLUSION

This study demonstrates a notable and favorable associa-
tion between physical activity and body mass index (BMI),
where in higher levels of physical activity, especially strength
training, contributes to increased muscle mass and BMI. BMI
also significantly correlated with HOMA-IR and QUICKI, sug-
gesting an association between BMI and insulin resistance
and sensitivity. However, energy, carbohydrate, protein, fat,
and fiber intake did not show significant correlations with
glycemic indicators or plasma insulin, likely due to the vari-
ability of individual responses and the complexity of nutrient
interactions. This study emphasizes the importance of man-
aging prediabetes through a healthy diet and increased phys-
ical activity to prevent the onset of type 2 diabetes (T2DM).
Implementing intervention programs that promote physical
activity and healthy eating in rural areas can help reduce the
risk of prediabetes progressing to T2DM.
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